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ABSTRACT 

 
On January 30, 2009, General Electric (GE)-Hitachi Global Laser Enrichment LLC (GLE) 
submitted an environmental report to the U.S. Nuclear Regulatory Commission (NRC) for a 
license to construct and operate the GLE Global Laser Enrichment Facility.  GLE submitted the 
remainder of the license application on June 26, 2009.  The proposed GLE Facility would be 
located in the North-Central Sector of the existing GE property near Wilmington, North Carolina.  
The proposed GLE Facility, if licensed, would enrich uranium for use in manufacturing nuclear 
fuel for commercial power reactors.  Feed material for the proposed GLE Facility would be 
comprised of non-enriched uranium hexafluoride (UF6).  GLE would employ a laser-based 
enrichment process to enrich uranium to up to 8 percent uranium-235 by weight, with an initial 
planned maximum target production of 6 million separative work units (SWU) per year.  GLE 
could begin preconstruction activities prior to the NRC’s licensing decision in 2012.  If the 
license is granted, GLE expects to begin facility construction in 2012, and continue construction 
activities through 2020.  GLE anticipates commencing initial production in 2014 and reaching 
peak production in 2020.  Prior to license expiration in 2052, GLE would seek to renew its 
license to continue operating the facility, or plan for the decontamination and decommissioning 
of the facility per the applicable licensing conditions and NRC regulations.  The proposed GLE 
Facility would be licensed in accordance with the provisions of the Atomic Energy Act.  
Specifically, an NRC license under Title 10, “Energy,” of the U.S. Code of Federal Regulations 
(10 CFR) Parts 30, 40, and 70 would be required to authorize GLE to possess and use special 
nuclear material, source material, and byproduct material at the proposed GLE Facility site. 
 
This Environmental Impact Statement (EIS) was prepared in compliance with the National 
Environmental Policy Act of 1969, as amended (NEPA), and the NRC regulations for 
implementing NEPA (10 CFR Part 51).  This EIS evaluates the potential environmental impacts 
of the proposed action and reasonable alternatives.  This EIS also describes the environment 
potentially affected by GLE’s proposal, presents and compares the potential environmental 
impacts resulting from the proposed action and alternatives, describes GLE’s environmental 
monitoring program and mitigation measures, and evaluates the costs and benefits of the 
proposed action. 
 
 
 
 
 

Paperwork Reduction Act Statement 
 
This NUREG contains and references information collection requirements that are subject to the 
Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et seq.). These information collections were 
approved by the Office of Management and Budget, approval number 3150-0014, 3150-0017, 
3150-0020, 3150-0021, 3150-0151, 3150-0135, 3150-0009 and 3150-0008.  
 
 

Public Protection Notification 
 
The NRC may not conduct or sponsor, and a person is not required to respond to, a request for 
information or an information collection requirement unless the requesting document displays a 
currently valid OMB control number.   
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EXECUTIVE SUMMARY 
 
BACKGROUND 
 
Pursuant to Title 10 of the U.S. Code of Federal Regulations (10 CFR) Parts 30, 40, and 70, the 
U.S. Nuclear Regulatory Commission (NRC) is considering whether to issue a license that 
would allow General Electric (GE)-Hitachi Global Laser Enrichment LLC (GLE) to possess and 
use special nuclear material, source material, and byproduct material at a proposed laser-based 
uranium enrichment facility near Wilmington, North Carolina.  The scope of activities to be 
conducted under the license would include the construction and operation of the proposed GLE 
Facility.  GLE submitted its Environmental Report (GLE, 2008) to the NRC on January 30, 2009, 
and the license application was submitted on June 26, 2009.  To support its licensing decision 
on the proposed GLE Facility, the NRC’s implementing regulations in 10 CFR Part 51 for the 
National Environmental Policy Act (NEPA) require the preparation of an Environmental Impact 
Statement (EIS).  The development of this EIS is based on the NRC’s review of information 
provided by GLE, the NRC’s independent analyses, and consultation with other Federal 
agencies, American Indian tribes and organizations, State agencies, and local agencies. 
 
The enriched uranium produced at the proposed GLE Facility would be used to manufacture 
nuclear fuel for commercial nuclear power reactors.  Enrichment is the process of increasing the 
concentration of the naturally occurring and fissionable uranium-235 isotope.  Uranium ore 
usually contains approximately 0.72 percent uranium-235 by weight.  To be useful in nuclear 
power plants as fuel for electricity generation, uranium must be enriched to approximately  
3–5 percent uranium-235 by weight. 
 
THE PROPOSED ACTION 
 
The proposed action considered in this EIS is the NRC issuing a license that would allow GLE 
to construct, operate, and eventually, decommission (under a separate NRC action) a laser-
based uranium enrichment facility on existing GE property near Wilmington, North Carolina.  
The license would authorize GLE to possess and use special nuclear material, source material, 
and byproduct material at the proposed GLE Facility for a period of 40 years.  If the license is 
granted, the proposed GLE Facility would be located on the North-Central Sector of the GE 
property. 
 
The proposed GLE Facility would employ a laser-based process to enrich uranium up to 
8 percent uranium-235 by weight (although nuclear power reactors normally require 3–5 percent 
uranium-235 by weight), with an initial planned maximum target production of 6 million 
separative work units (SWU) per year.  GLE could begin preconstruction activities at GE’s 
Wilmington Site prior to the NRC licensing decision in 2012.  If the license is approved, GLE 
expects to begin facility construction in 2012, and continue through 2020.  Initial production 
would commence in 2014 and reach peak production in 2020.  Prior to license expiration in 
2052, GLE would decide whether or not to renew its operating license, or decontaminate and 
decommission the facility. 
 
PURPOSE OF AND NEED FOR THE PROPOSED ACTION 
 
The purpose of the proposed action is for GLE to construct, operate, and decommission a 
facility to enrich uranium up to 8 percent uranium-235 by weight, with a production capacity of 
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6 million SWU per year, using laser-based technology at the proposed GLE Facility.  This facility 
would provide an additional domestic source of low-enriched uranium to be used in commercial 
nuclear power plants. 
 
Nuclear power supplies approximately 20 percent of the nation’s electricity.  Currently, domestic 
production of low-enriched uranium accounts for approximately 16 percent of U.S. demand.  
The United States Enrichment Corporation (USEC) is the primary domestic supplier of low-
enriched uranium for nuclear fuel in the United States through its operation of an enrichment 
plant near Paducah, Kentucky.  Under the Megatons-to-Megawatts Program (which is 
scheduled to expire in 2013), USEC also imports the enriched portion of downblended (diluted) 
weapons-grade uranium from Russia to supply an additional 37 percent of the U.S. demand.  
Foreign suppliers, other than Russia, meet the remaining 47 percent of the current U.S. demand 
for low-enriched uranium. 
 
Commencing in 2013, USEC will import, under a new 10-year agreement, low-enriched uranium 
from Russia at levels initially expected to reach (in 2015) approximately one-half the level of the 
Russian downblended, weapons-grade materials.  The agreement includes an option to 
increase the quantities to the same level as the Megatons-to-Megawatts Program.  USEC will 
deliver a portion of this enriched uranium to U.S. utilities. 
 
The Louisiana Energy Services (LES) National Enrichment Facility (NEF, doing business as 
[d/b/a] URENCO USA) in Lea County, New Mexico, which began initial operations in June 2010, 
may provide additional enrichment services in the future as construction continues and the 
facility reaches capacity.  USEC’s American Centrifuge Plant (ACP) in Piketon, Ohio, and 
AREVA’s Eagle Rock Enrichment Facility (EREF) in Bonneville County, Idaho, may also provide 
additional domestic enrichment services in the future. 
 
The current dependence on a single U.S. supplier and foreign sources for low-enriched uranium 
imposes reliability risks for the nuclear fuel supply to U.S. nuclear power plants.  The production 
of enriched uranium at the proposed GLE Facility would be equivalent to about 40 percent of the 
current and projected demand (15–16 million SWU) for enrichment services within the 
United States. 
 
ALTERNATIVES 
 
The NRC considered a reasonable range of alternatives, including the no-action alternative, in 
this EIS.  Under the no-action alternative, the proposed GLE Facility would not be constructed.  
Enrichment services would continue to be performed by existing domestic and foreign uranium 
enrichment suppliers.  Paducah Gaseous Diffusion Plant (GDP) and the NEF would continue to 
provide enrichment services.  The ACP and EREF could also provide enrichment services in the 
future. 
 
GLE considered 22 sites throughout the United States, evaluating them based on various 
technical, safety, economic, and environmental criteria.  GLE concluded that the site considered 
in the proposed action met all of the criteria and that none of the other candidate sites were 
obviously superior to the preferred site near Wilmington, North Carolina.  The NRC reviewed the 
GLE site selection process and determined that it is rational and objective, and that its results 
are reasonable.  Therefore, no other site was evaluated in this EIS. 
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The NRC considered three alternatives to the proposed action for satisfying domestic 
enrichment needs, including (1) reactivation of the Portsmouth Gaseous Diffusion Plant near 
Piketon, Ohio, (2) downblending of high-enriched uranium, and (3) purchase of low-enriched 
uranium from foreign sources.  These alternatives were eliminated from detailed study due to 
reliability issues, excessive energy consumption, national energy policy objectives, and national 
energy security concerns.  
 
The NRC also evaluated several alternative technologies to the laser-based enrichment 
process, including electromagnetic isotope separation, liquid thermal diffusion, gaseous 
diffusion, atomic vapor laser isotope separation, molecular laser isotope separation, and gas 
centrifuge.  All of these technologies, except gas centrifuge, were eliminated from detailed study 
due to the fact that some technologies are still in development and/or not economically viable.  
The environmental impacts of gas centrifuge technology were qualitatively evaluated, relative to 
those of the proposed laser-based technology.  Although gas centrifuge is a technologically and 
economically viable alternative, it is not obviously superior to the laser-based technology that 
GLE has chosen to pursue for the proposed action. 
 
The NRC also evaluated alternative conversion and disposition methods for depleted uranium 
hexafluoride (UF6), including (1) beneficial use of depleted UF6 and (2) conversion at facilities 
other than the new U.S. Department of Energy (DOE) facilities at Portsmouth, Ohio, and 
Paducah, Kentucky.  For the purposes of this analysis, because the current available inventory 
of depleted uranium exceeds the current and projected demand for the material, the depleted 
UF6 generated by the proposed GLE Facility was considered a waste product, and disposition 
alternatives involving its use as a resource were not evaluated.  In addition, existing fuel 
fabrication facilities are currently not interested in depleted UF6, and the cost for the conversion 
could not be estimated.  Therefore, this alternative was also eliminated from detailed study.  
However, International Isotopes, Inc., submitted a license application to the NRC on 
December 31, 2009, to construct and operate a depleted uranium hexafluoride (UF6) conversion 
facility near Hobbs, New Mexico.  This facility would deconvert depleted UF6 into fluoride 
products (for commercial resale) and depleted uranium oxides (for disposal).  On 
February 23, 2010, the NRC accepted the license application for detailed technical review. 
 
NRC EXEMPTION TO CONDUCT CERTAIN PRECONSTRUCTION ACTIVITIES 
 
The NRC has approved an exemption request from GLE to conduct certain preconstruction 
activities prior to NRC’s decision to issue a license for the construction and operation of the 
proposed GLE Facility.  The exemption covers the following activities and facilities: 
 
• Clearing of 47 hectares (117 acres) for the proposed GLE Facility; 
 
• Site grading and erosion control; 
 
• Installing a stormwater retention system; 
 
• Constructing main access roadways and guardhouse(s); 
 
• Installing utilities (electricity, potable water, process water, water for fire suppression, 

sanitary sewer, and natural gas); 
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• Constructing parking lots and minor roadways; and 
 
• Constructing administrative building(s). 
 
The NRC granted the exemption on May 8, 2009.  This exemption authorizes GLE to conduct 
the stated activities, provided that none of the facilities or activities subject to the exemption 
would be components of GLE’s Physical Security Plan or its Standard Practice Procedures Plan 
for the Protection of Classified Matter, or otherwise be subject to NRC review or approval.  For 
the purposes of this EIS, these activities are assumed to occur prior to NRC’s decision to grant 
a license to GLE, and therefore, are assumed to occur under both the proposed action and no-
action alternatives. 
 
POTENTIAL ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION 
 
This EIS evaluates the potential environmental impacts of the proposed action.  A standard of 
significance has been established for assessing environmental impacts based on Council on 
Environmental Quality (CEQ) terminology for ‘‘significantly’’ (see 40 CFR 1508.27).  Since the 
significance and severity of an impact can vary depending on the proposed action, both 
‘‘context’’ and ‘‘intensity’’ as defined in CEQ regulations 40 CFR 1508.27 were considered.  
Context is the environment surrounding the location where action(s) would occur.  Intensity 
refers to the severity of the impact, in whatever context it occurs.  Based on this, the NRC 
established three levels of significance for potential impacts:  small, moderate, and large.  The 
definitions of these three significance levels follow: 
 
• Small impact:  Environmental effects are not detectable or are so minor that they will neither 

destabilize nor noticeably alter any important attribute of the resource. 
 
• Moderate impact:  Environmental effects are sufficient to alter noticeably, but not destabilize, 

important attributes of the resource. 
 
• Large impact:  Environmental effects are clearly noticeable and are sufficient to destabilize 

important attributes of the resource. 
 
Land Use 
 
Small Impact.  The Wilmington Site is owned by GE and zoned for heavy industrial use; 
construction of the proposed GLE Facility would be consistent with current zoning.  The project 
area currently consists of mostly mixed-pine forest, and is bordered by existing GE facilities, the 
Northeast Cape Fear River, and residential development.  Preconstruction activities would occur 
under the proposed action, removing the undeveloped forest.  Construction of the proposed 
GLE Facility would not alter current land use at the Wilmington Site or affect surrounding land 
use. 
 
Operation of the proposed GLE Facility at the Wilmington Site could affect nearby residential 
development.  However, facility operations would be consistent with other industrial activities at 
the Wilmington Site.  These industrial activities have had no effect on residential development. 
 
Decommissioning would not alter current land use at the Wilmington Site or affect surrounding 
land use.  
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Historical and Cultural Resources 
 
Small to Moderate Impact.  The location for the proposed GLE Facility (study area) comprises 
106 hectares (263 acres).  Under the proposed action, preconstruction activities would have an 
impact on historic and cultural resources.  NRC-authorized construction would take place on 
ground previously disturbed by preconstruction.  No construction activities are expected to occur 
in the portion of the Wilmington Site where historic and cultural resources are known to exist. 
 
GLE Facility operations would have the potential to affect historic and cultural resources.  While 
GLE has no plans to alter the site during operations, there is a high potential for additional 
historic and cultural resources to be discovered during routine maintenance activities.  The 
Wilmington Site is located within a region containing high concentrations of historic and cultural 
resources.  Operational impacts would depend largely on procedures employed to protect 
historic and cultural resources.  The Middle Woodland archaeological site 31NH801 would not 
be affected by facility operations.  The North Carolina State Historic Preservation Office (SHPO) 
requested that GLE develop procedures to protect site 31NH801.  In response, the NRC 
proposed a license condition that would require GLE to consider the potential effects on historic 
and cultural resources from any ground-disturbing activities in unsurveyed areas of the GLE 
Facility site.  GLE also developed Common Procedure CP-24-201 to address the unanticipated 
discovery of human remains or artifacts.  The SHPO concurred that a determination of “no 
adverse effect” is appropriate with the inclusion of the proposed license condition.  Based on 
this information, the NRC determined that the impact level would be SMALL to MODERATE 
given the close proximity of significant historic and cultural resources and high potential for 
additional historic and cultural resource materials to be discovered during routine operations.  
The NRC's determination is based on the license containing the proposed license condition. 
 
Decommissioning impacts on historic and cultural resources are expected to occur primarily 
during ground-disturbing activities; the need to clear previously undisturbed land is not expected 
as a part of decommissioning activities. 
 
Visual and Scenic Resources 
 
Small Impact.  The project area has low scenic quality and the environment in the project area is 
not unique for the area.  Under the proposed action, preconstruction activities would include 
clearing vegetation.  The proposed GLE Facility would be located adjacent to existing industrial 
facilities and would be consistent with the existing industrial character of the Wilmington Site.  
Likewise, the project area is not in a location that is sensitive to visual intrusions. 
 
Construction activities would be limited to the Wilmington Site.  The greatest visual impacts 
would occur from increased truck and worker traffic, but these impacts would be temporary.  
The main project area is surrounded by a vegetation barrier, so construction activities would be 
largely screened.  Construction cranes would be visible from greater distances, but this impact 
would be temporary. 
 
The two most visible (i.e., tallest) structures would be the water tower and a portion of the 
operations building referred to as the operations building tower.  The operations building tower 
will have front and side profiles of 37 meters (120 feet) by 200 meters (660 feet), and could 
reach up to 49 meters (160 feet) above grade.  The proposed water tower is the same height as 
the existing Wilmington Site water tower, the top of which is visible from south of Interstate 140 
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(I-140).  Although the operations building tower could be 10 meters (30 feet) taller than the 
existing water tower, it would be visible primarily from Castle Hayne Road and the residential 
subdivision to the northeast, because it would be further from I-140 than the existing water 
tower.  The water tower, facility, and operations building tower would not represent a major 
alteration of the existing visual environment.  Portions of the proposed facility may be visible 
from I-140, and the planting of additional vegetation may minimize visual impacts. 
 
Decommissioning impacts on visual and scenic resources would be minimal and of short 
duration.  Temporary visual impacts could result from the use of heavy equipment and the 
increase in worker traffic.  Once decommissioning is complete, most of the visual impacts would 
cease.  The vegetation screen surrounding the Wilmington Site would make changes 
imperceptible to all but the closest residences.   
 
Air Quality 
 
Small to Moderate Impact.  Under the proposed action, preconstruction activities would have an 
impact on ambient air quality conditions at the Wilmington Site.  Air quality impacts would be the 
highest during preconstruction activities (not a part of the proposed action) and the initial two 
years of GLE Facility construction.  Criteria pollutants, volatile organic compounds (VOCs), 
greenhouse gases, hazardous air pollutants (HAPs), fugitive dust emissions, and engine 
exhaust emissions would be released during these activities.  Emissions of sulfur dioxide (SO2), 
nitrogen dioxide (NO2), and carbon monoxide (CO) would have a SMALL impact on ambient air 
quality (well below applicable standards).  Impacts from lead and ozone-precursor emissions 
from GLE Facility construction are expected to be negligible and would have SMALL impacts on 
surrounding areas. 
 
Total 24-hour concentrations of particulate matter equal to or smaller than 10 micrometers 
(PM10) and particulate matter equal to or smaller than 2.5 micrometers (PM2.5), mostly resulting 
from fugitive dust emissions, are predicted to exceed air quality standards during 
preconstruction and construction phases.  Since preconstruction and construction activities 
would last about nine months and two years, respectively, the potential air quality impacts 
during the preconstruction phase would be MODERATE but temporary.  Aggressive dust control 
measures would be implemented during the preconstruction and construction phases to reduce 
the impact.   
 
Because the proposed GLE Facility would not employ any continuous combustion activities 
during operation, emission rates for criteria pollutants and HAPs would be SMALL.  Uranium-
related and/or hydrogen fluoride (HF) stack emissions would be minimal, and emissions from 
diesel fuel handling would be very low.  Fugitive dust emissions would be minimal, as most 
working areas and roads would be paved.  Potential impacts from GLE Facility operations on 
regional ozone would also be SMALL. 
 
Decontamination activities would mostly occur inside GLE Facility buildings, where emission 
controls would minimize atmospheric releases.  Standard dust suppression techniques could be 
employed during the demolition of structures and other hard surface areas to control dust 
emissions.  Work areas would be monitored for airborne dust, and a small, temporary shelter or 
tent with portable high-efficiency particulate air (HEPA) filtration could be used to minimize the 
release of contaminated dust.  The number of workers would be fewer than those required 
during construction or operations, but truck traffic on the North access road would be 



  Executive Summary 

February 2012 xxxi NUREG-1938 

comparable to that experienced during GLE Facility construction.  Air emission rates and 
associated air quality impacts of decontamination and decommissioning activities at the 
proposed GLE Facility would be comparable to or less than those experienced during 
construction. 
 
Geology and Soils 
 
Small Impact.  Under the proposed action, preconstruction activities would have an impact on 
soil conditions at the Wilmington Site.  Approximately 91 hectares (226 acres) of land would be 
disturbed under the proposed action, including the proposed GLE Facility site, support 
structures, and road construction.  Construction vehicles and equipment could leak fuel, oil, or 
grease to site soils.  Construction activities would include soil excavation, soil storage and 
removal, and stormwater management.  Construction would not impact geologic resources 
because the site lacks significant geologic resources. 
 
Soil disturbance during GLE Facility operations would continue at reduced levels, as some 
construction would continue after start-up.  Impervious surfaces such as roads, parking lots, and 
roofs would increase stormwater runoff, increasing erosion potential.  Large storm events could 
create erosion along drainages or at culverts, requiring maintenance or drainage system 
improvement.  Vehicles and equipment used in unpaved areas during facility operations could 
leak fuel, oil, or grease to site soils.  Groundwater pumping is expected to have a minimal effect 
on groundwater levels, and the associated degree of subsidence is expected to be negligible.  
Other geologic hazards (e.g., volcano, tsunami, landslides, radon gas, methane gas, 
subsidence due to mining) to the site are not anticipated. 
 
Foundations, roads, and utility lines would likely be undisturbed during decontamination and 
decommissioning.  Erosion may increase, as portions of the site are disturbed by heavy 
equipment. 
 
Surface Water Resources 
 
Small Impact.  Under the proposed action, preconstruction activities would have an impact on 
water quality in streams located on the Wilmington Site.  Excavation during construction could 
affect surface water quality.  The access road for the proposed GLE Facility would require a 
new stream crossing and possibly change a jurisdictional channel, which could lead to erosion 
and increased sediment load.  Construction vehicles and equipment pose the possibility of leaks 
or spills of fuels, oil, or grease, which could run off and impact nearby surface water.  However, 
it is unlikely that a minor spill would reach the Northeast Cape Fear River or Prince George 
Creek.  Infiltration into site soil would likely reduce or eliminate the potential for runoff. 
 
Process wastewater effluent would be discharged at an existing outfall during GLE Facility 
operations, increasing the site’s process wastewater volume by about 7 percent.  Liquid 
radioactive waste would be pretreated to reduce uranium to acceptable levels before transfer to 
the existing wastewater treatment facility.  Treatment would produce an effluent similar to 
current process wastewaters.  Treated sanitary wastewater effluent would be reused in site 
cooling towers. 
 
No consumption of surface water would occur during GLE Facility operations.  Stormwater 
runoff would collect in a State-permitted detention basin before discharge and would be 
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regulated by a National Pollutant Discharge Elimination System (NPDES) permit.  Stormwater 
runoff from the UF6 cylinder storage pads would collect in a lined retention pond.  If monitoring 
demonstrates a lack of radioactivity, pond effluent would be discharged to the stormwater 
detention basin and ultimately, to the effluent channel.  Any increase in turbidity and sediment 
loading to streams as a result of construction would subside during GLE Facility operations.  Oil, 
grease, metals, and other automotive-related contaminants would be present in limited 
quantities due to onsite vehicular traffic.  Herbicides used in landscaped areas of the Wilmington 
Site would also be present. 
 
GLE Facility process wastewater flow would cease during decontamination and 
decommissioning, but decontamination effluent could be generated.  If the Wilmington Site 
treatment and industrial reuse facility could not receive sanitary discharge during the 
decontamination and decommissioning of the proposed GLE Facility, portable toilets would be 
required for workers.  The collection, treatment, monitoring, and discharge of decontamination 
water would be designed to avoid significant environmental impact.  Erosion may increase as 
portions of the site are disturbed by heavy equipment, and BMPs would reduce the impact. 
 
Groundwater Resources 
 
Small Impact.  Under the proposed action, preconstruction activities would have an impact on 
groundwater quality in shallow aquifers at the Wilmington Site.  Implementation of best 
management practices (BMPs) during the construction of the proposed GLE Facility would 
reduce the potential for leaks of fuel, oil, and grease to soil and groundwater.  The use of 
portable toilets during construction would eliminate sanitary system impacts on groundwater.  
Tanker trucks would provide potable and nonpotable construction water. 
 
During GLE Facility operations, stormwater collected from the UF6 cylinder storage pad is 
expected to have no more than trace amounts of radiological contaminants, and the liner is 
expected to limit infiltration to groundwater.  Discharge at site outfalls would be from process 
and sanitary wastewater.  Some portion of these effluents may potentially infiltrate the Peedee 
sand aquifer.  However, treatment and monitoring are expected to result in no significant 
contaminant concentrations in the effluent channel.  The proposed facility will obtain additional 
groundwater for potable purposes from existing production wells at the Wilmington Site.  Water 
level data show these wells to be cross-gradient of the overall Wilmington Site, and they do not 
result in significant drawdown.  Groundwater will also be needed as a source of process water 
for the proposed GLE Facility.  A small amount of increased drawdown is expected, without 
significant effect on flow directions, water quality, or availability for offsite users.  Diesel tanks at 
the facility would have appropriate leak detection equipment.  In addition, a groundwater 
monitoring plan would be developed after the facility is constructed. 
 
The removal of structures, utilities, materials, and products during the decommissioning of the 
proposed GLE Facility is not expected to have an impact on site groundwater resources. 
 
Ecological Resources 
 
Small to Moderate Impact.  Under the proposed action, most impacts on ecological resources 
would occur during preconstruction activities and would be SMALL to MODERATE.  
Preconstruction impacts on wetlands, environmentally sensitive areas, and aquatic biota would 
be SMALL.  Most construction activities would occur in areas that would have already been 
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disturbed by preconstruction activities.  Impacts on vegetation would occur primarily from 
vegetation clearing, habitat fragmentation, alteration of topography, changes in drainage 
patterns, and soil compaction.  Remaining potential impacts on vegetation include decline or 
mortality of trees near the construction boundary, effects related to hydrologic changes, 
deposition of dust and other particulate matter, introduction of invasive plant species, and 
accidental releases of hazardous materials (e.g., fuel spills). 
 
Wetlands could be impacted by alteration of surface water runoff patterns, soil compaction, or 
groundwater flow.  No wetlands would be directly impacted by construction of the proposed 
facility, but three jurisdictional wetlands and one isolated wetland occur within the corridor for 
the revised entrance and roadway.  It is probable that the isolated wetland would be directly 
impacted, resulting in a wetland loss.  However, impacts on, or loss of, this wetland would not 
be significant, given the apparent low value of the wetland under State rating guidelines.  
Indirect impacts on wetlands could occur from increased stormwater runoff, decreased 
groundwater recharge, disconnected hydrologic conductivity, or changes in groundwater or 
surface water flow patterns.  Impacts from increased or decreased runoff are expected to be 
negligible. 
 
Except for the probable impact on wetlands, no environmentally sensitive areas would be 
directly impacted by construction.  Only minor, localized indirect impacts on environmentally 
sensitive areas may occur from erosion and sedimentation or from changes in drainage 
patterns. 
 
Impacts on wildlife from construction would include habitat disturbance, wildlife disturbance, and 
injury or mortality of wildlife.  Habitats within the footprint disturbed by construction would be 
reduced or altered, and construction activities would result in habitat fragmentation.  
Construction would cause a loss of habitat, which could result in a long-term reduction in wildlife 
abundance and richness.  Although habitats adjacent to the proposed facility site would mostly 
remain unaffected, wildlife might make less use of these areas due to disturbance (indirect 
habitat loss).  Habitat disturbance, including roads, could facilitate the spread and introduction of 
invasive plant species.  Wildlife habitat could be adversely affected if invasive vegetation 
became established in the disturbed areas and adjacent offsite habitats.  If exposure of wildlife 
to fugitive dust was of sufficient magnitude and duration, the effects could be similar to those on 
humans.  A more probable effect would be the dusting of plants, which could make forage less 
palatable.  Construction activities could cause wildlife disturbance, including interference with 
behavioral activities.  Wildlife could respond in various ways, including attraction, habituation, 
and avoidance.  Principal sources of noise would include vehicle traffic and operation of 
machinery.  Regular or periodic noise could cause adjacent areas to be less attractive to wildlife 
and result in a long-term reduction in use.  Construction activities could result in the direct injury 
or death of certain wildlife species.  Wildlife could also be exposed to accidental fuel spills or 
releases of other hazardous materials. 
 
No aquatic habitats are located within the footprint of the areas that will be cleared for the 
proposed facility, and no significant adverse impacts on aquatic biota are expected from 
construction activities. 
 
No impacts would be expected on any Federally listed threatened, endangered, or other special 
status species from construction activities.  Similarly, no impacts would be expected on any 
State-listed species. 
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During operation, impacts on vegetation would include moving, hand-cutting, and chemical 
control of vegetation around the proposed facility, support facilities, utility corridors, and access 
road.  No effects on vegetation would be expected from the cooling tower or air emissions, 
wastewaters, and solid wastes generated during operation.  It is unlikely that radionuclide 
releases would have adverse effects on ecological resources.  Facility operation would not 
encroach upon or have any other adverse effect on wetlands.  Impervious surfaces generally 
result in increased runoff and reduced infiltration, but routing drainage to the stormwater 
detention and retention basins would minimize the potential for wetland water-level fluctuations.  
No environmentally sensitive areas would be impacted by operations.  Potential impacts on 
wildlife from operations would include ongoing habitat disturbance (i.e., reduction, alteration, 
and fragmentation of habitat), and wildlife injury or mortality. 
 
No natural water bodies occur within the immediate area of the proposed facility.  During 
operations, aquatic habitats and biota could be affected by continued erosion and sedimentation 
and exposure to contaminants.  Increased liquid effluent discharges could increase turbidity and 
sedimentation until the stream channel adjusts.  Wastewater would be treated to meet NPDES 
permit requirements, so aquatic biota would not be adversely impacted.  The potential exists for 
toxic materials (e.g., fuel, lubricants, and herbicides) to be accidentally introduced into aquatic 
habitats, but an uncontained spill would probably affect only a limited area, and lubricants and 
fuel would not be expected to enter wetlands or waterways (due to soil infiltration and the 
distance from the main work area to drainages).  Only trace levels of radiological contamination 
would be released to surface waters during operation, so adverse radiological impacts on 
aquatic biota would not be expected. 
 
No adverse impacts on threatened, endangered, or other special status species would be 
expected from facility operations due to the lack of suitable habitats within the immediate project 
area. 
 
Most decontamination activities would occur inside buildings, so large-scale ecological resource 
impacts are not expected.  Removal of facilities could impact vegetation adjacent to the facilities 
and cause offsite erosion and sedimentation.  The plant community established where facilities 
are removed would depend on subsequent use of the project area, and revegetation of the 
removed facility areas could increase wildlife habitat diversity.  Decommissioning activities are 
not expected to directly impact wetlands or environmentally sensitive areas.  There would be a 
temporary increase in disturbance to wildlife associated with vehicle, equipment, and worker 
activities.  Other potential impacts would include the disposal of solid wastes and hazardous 
materials and the remediation of any contaminated soils.  After decommissioning is complete, 
there would be no fuel or chemical spills associated with the facility. 
 
Impacts on wildlife from decommissioning are expected to be similar to those experienced 
during construction.  Removal of wildlife habitat (primarily landscaped lawns) would have minor 
impacts on wildlife populations.  There would be a temporary increase in noise and visual 
disturbance associated with the removal and subsequent restoration of facilities.  Removal of 
the impervious areas would decrease runoff and discharge, ceasing impacts on aquatic biota.  
Decommissioning would not directly impact threatened, endangered, or other special status 
species. 
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Noise 
 
Small to Moderate Impact.  Under the proposed action, noise impacts associated with 
preconstruction activities would be short-term and limited to the immediate vicinity of the 
proposed GLE Facility site.  During construction, vehicular traffic to and from the proposed 
GLE Facility would generate intermittent noise along local roadways.  However, the noise 
contribution from these sources would be limited to the immediate vicinity of the Wilmington 
Site.  Major activities would include building construction and equipment installation.  Potential 
noise impacts on the nearest subdivision would be moderate but temporary in nature when road 
construction (a preconstruction activity) occurs. 
 
During GLE Facility operations, exterior equipment, such as pumps, heat pumps, transformers, 
and cooling towers, would generate noise.  Other sources of noise would include commuter 
vehicular and delivery truck traffic.  Noise levels at the fenceline nearest to the Wooden Shoe 
residential subdivision would be below day and night ambient sound levels that correspond to 
the New Hanover County Noise Ordinance. 
 
Most decontamination activities would occur inside the GLE Facility buildings.  If 
decommissioning includes demolition, heavy construction equipment may be required.  
Salvaged materials and waste/debris would be hauled offsite by truck.  Noise from truck traffic 
on site access roads would be comparable to that experienced during construction.  Noise 
levels at the fenceline from truck traffic on the North access road nearest the Wooden Shoe 
subdivision are expected to be below the New Hanover County Noise Ordinance. 
 
Transportation 
 
Small to Moderate Impact.  Under the proposed action, preconstruction activities would have an 
impact on traffic conditions.  These impacts would be short-term and limited to site access roads 
and roads in the vicinity of the Wilmington Site.  Construction traffic would involve the movement 
of personnel, equipment, and material to and from the proposed GLE Facility site, and the 
removal of construction debris and waste.  The number of truck shipments would vary over the 
course of construction.  Construction activities are estimated to add an average of 
approximately 35 trucks per day, with a small impact on local traffic.  Prior to start-up, an 
average increase of up to 1428 daily trips by construction personnel is anticipated, with the 
heaviest traffic occurring in the immediate vicinity of the site entrance.  Impacts on roads in the 
vicinity of the Wilmington Site could be SMALL to MODERATE; regional impacts would be 
SMALL.  Impacts would be reduced if shift changes do not coincide with peak traffic volume 
periods. 
 
GLE Facility operations would overlap with the construction period for 5–6 years, during which 
time vehicular traffic from commuting operations personnel would be combined with traffic from 
construction workers and shipments.  An average of approximately six additional truck 
shipments per day to and from the Wilmington Site would occur during GLE Facility operations.  
The average number of workers (construction and operations personnel) commuting on a daily 
basis during start-up and construction completion is anticipated to be 590, with about 350 
permanent operations personnel employed over the remainder of the operational period.  The 
average number of additional daily vehicle trips from facility activities will increase by about 
1239 at the Wilmington Site during the period of construction and operations overlap.  Once 
construction is complete, the average number of daily trips associated with operations 
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personnel is estimated to be approximately 735.  The range of additional daily vehicle trips from 
facility operations (735 to 1239) would have a MODERATE impact on the local road network.  
However, the impact on regional traffic flow would be SMALL. 
 
Operations of the proposed GLE Facility would require the shipment (by truck) of various 
radioactive materials to and from the facility.  Vehicle-related risks result from a vehicle moving 
from one location to another (independent of cargo characteristics), while cargo-related risk 
refers the risk from the cargo being shipped.  In the case of the uranium, cargo-related risks 
would include exposure to ionizing radiation during normal transportation and accident 
conditions, as well as chemical hazards during accident conditions.  Less than one latent cancer 
fatality is anticipated for the public and transportation crews from all shipments on an annual 
basis.  No latent fatalities from vehicle emissions are anticipated on an annual basis. 
 
Overall annual transportation accident impacts from the proposed action are expected to be 
SMALL.  Chemical impacts would be negligible, as past analyses of depleted UF6 shipments 
have shown the estimates of irreversible adverse effects to be approximately 1 to 3 orders of 
magnitude lower than the estimates of public latent cancer fatalities from radiological accident 
exposure.  No fatalities are expected from accidents (direct physical trauma) on an annual 
basis. 
 
Initial decommissioning activities during the last year of operations would increase the total 
number of workers.  The number of truck shipments to offsite locations during this period is 
expected to be approximately the same as during construction.  Local and regional 
transportation impacts would be SMALL after operations cease due to the decrease in workers 
during decommissioning.  Radioactive waste from decommissioning would be sent to the 
appropriate storage, treatment, and disposal facilities.  Impacts from radioactive waste 
shipments would be SMALL due to the low levels of external radiation and the low number of 
shipments. 
 
Public and Occupational Health 
 
Small Impact.  Occupational exposures during preconstruction activities would be minor and 
minimized using work practices and personal protective equipment.  Preconstruction activities 
are not expected to cause any exceedances of ambient air quality criteria, with the possible 
exception of short-term criteria for particulate matter from fugitive dust.  Occupational exposures 
during construction of the proposed GLE Facility would be minor and minimized using work 
practices and personal protective equipment.  Construction activities are not expected to cause 
any exceedances of ambient air quality criteria, with the possible exception of short-term criteria 
for particulate matter from fugitive dust. 
 
Construction activities would not generate radiological contamination but could disturb areas 
previously contaminated by past and current operations.  Construction workers could also be 
exposed to emissions from the proposed GLE Facility during the overlap of construction and 
operation.  The maximum possible dose would be a small fraction of background radiation 
exposure and less than 1 millisievert per year (100 millirem per year).  Dose to the offsite public 
would be significantly less, as there is no potential for measurable exposure from existing site 
contamination. 
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A total of 324 total recordable incidents, 197 lost workday incidents, and less than one fatal 
injury are projected for 38 years of GLE Facility operation.  Lasers would normally be operated 
within enclosures and equipped with interlocks to prevent inadvertent worker exposure. 
 
The greatest potential for occupational exposure in the main process building would be from 
connecting and disconnecting UF6 cylinders.  Airborne concentrations of HF and uranyl fluoride 
inside facilities are expected to be insignificant, and workers would use ventilation equipment to 
minimize exposures.  Concentrations near the release point could be as high as 10 percent of 
the Occupational Safety and Health Administration (OSHA) Permissible Exposure Limit and 
would be limited by ventilation equipment.  Large volumes of UF6 would be present as feed and 
product material, but there would be no routine exposures to solid or liquid UF6.  Exposure to 
industrial chemicals would be limited by minimizing airborne releases and use of protective 
equipment. 
 
Potential long-term, low-level HF and uranium exposure to the public would be the primary 
offsite chemical exposures of concern.  However, only minor quantities of UF6 or HF would 
escape the facility ventilation system, and the quantity of HF passing through the emissions 
control devices would be below levels established in the facility air permit and protective of 
public health.  UF6 and HF levels at the site boundary and the location of the nearest resident 
would be lower than onsite levels.  HF concentrations at all exposure locations are far below the 
most stringent state or Federal ambient air quality standards for the general public.  No criteria 
air pollutants would be produced by the enrichment process. 
 
Facility operation could result in radiation exposure to the public via uranium releases or direct 
external radiation exposure.  UF6 gas released in the main process building would pass through 
a ventilation system to minimize external release.  Liquid effluents would be treated and 
sampled to limit releases.  Direct exposure to the public could occur from onsite uranium and 
transportation both onsite and offsite.  Direct radiation and skyshine from airborne releases 
would be undetectable at offsite areas.  The NRC public release limits for uranium in air and 
liquid effluents would be met. 
 
Radioactive materials at the proposed GLE Facility would present the possibility for onsite 
members of the public to receive a direct radiation dose.  Because of cylinder shielding and the 
distance to receptors, stored cylinders of depleted uranium are expected to have only a minor 
effect on the exposure rate at the site boundary. 
 
Radioactive process wastewater would be collected and sampled before routing to a liquid 
effluent treatment system.  Treated liquid effluent would be discharged to the existing final 
process lagoon facility.  Water from the lagoon facility would be discharged through a permitted 
outfall to the site effluent channel.  Sanitary wastewater would be treated in the existing sanitary 
wastewater treatment facility, and treated effluent would replace cooling tower blowdown.  
Stormwater runoff would drain into a stormwater wet detention basin before discharge.  A 
separate holding pond would collect stormwater runoff from the UF6 storage pads, where the 
runoff would be monitored before discharge to the wet detention basin.  Discharges from all 
liquid effluent streams would be released into the Wilmington Site effluent channel and flow to 
the Northeast Cape Fear River through Unnamed Tributary #1. 
 
There are no public water intakes on the Northeast Cape Fear River downstream of the 
discharge point, so the only exposure pathways of concern are fish ingestion and those relating 
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to recreational water use.  Calculated doses to a maximally exposed individual and the 
surrounding population from liquid effluent releases are well below 1 millisievert per year. 
 
Decommissioning plans would involve decontamination of structures and selected facilities to 
free-release levels before allowing them to remain in place for future use.  Leaving the buildings 
would minimize the number of workers required for decommissioning, which would reduce the 
number of injuries compared to building removal.  Occupational injuries would be reduced in 
number in accordance with the reduced effort required for decommissioning.  Residual 
contamination would be decontaminated to free-release levels or removed from the site and 
disposed of in a low-level radioactive waste facility. 
 
The annual occupational dose during decontamination and decommissioning is expected to be 
in the range of 0.05–1.5 millisievert (5–150 millirem), which is comparable to the average dose 
from the operating fuel facilities (1.3–1.5 millisievert [130–150 millirem]).  Therefore, the 
occupational dose during decontamination and decommissioning would be bounded by potential 
exposures during operations.  Similar uranium handling would be involved during operations 
that purge the laser-enrichment lines.  Once this decontamination is completed, the remaining 
quantity of UF6 would be residual and significantly less than handled during operations.  
Because systems containing residual UF6 would be opened, decontaminated, and dismantled, 
an active environmental monitoring and dosimetry (external and internal) program would be 
conducted to maintain doses as low as reasonably achievable (ALARA).  Chemical exposures 
would be similarly limited. 
 
Waste Management 
 
Small Impact.  Under the proposed action, preconstruction activities would occur and generate 
construction-related waste streams.  Solid nonhazardous wastes generated during construction 
would be similar to wastes from other industrial construction sites and transported offsite to an 
approved local landfill.  Construction activities would generate less than 2 percent of the waste 
that the New Hanover County Landfill receives annually from all other sources.  Small quantities 
of organic solvent-based residuals could be used and may require management as hazardous 
waste.  Hazardous wastes from construction would be packaged and shipped offsite to licensed 
facilities. 
 
Facility operations would result in the generation of wastewaters that would be treated onsite 
before discharge and solid wastes that would be treated (onsite or offsite) and shipped for 
disposal offsite.  Sanitary wastewater would be collected by a sewer system connected to the 
existing Wilmington Site sanitary wastewater treatment facility, increasing the load on the 
existing system by about one-third.  Treated sanitary wastewater effluent could be used as 
makeup water in onsite cooling towers.  Should discharges to surface waters be necessary, the 
existing NPDES discharge permit would be adequate to cover the additional effluent volume.  
Cooling tower blowdown would be sent to the Wilmington Site’s final process lagoons.  
Radioactive process wastewater from facility operations would be collected and treated to 
remove uranium, other metals, and fluoride.  The treated effluent would be discharged to the 
process wastewater aeration basin and final process lagoon facility.  Impacts from radiological 
exposure to depleted UF6 in the cylinder storage pad would be SMALL, and impacts from the 
conversion of depleted UF6 generated by the proposed GLE Facility would be SMALL. 
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The waste management facilities used during operations would also be used during 
decontamination and decommissioning.  With the decrease in workers from operations to 
decommissioning, sanitary wastewater treatment volumes would decline.  Materials and 
equipment eligible for recycling or nonhazardous disposal would be sampled or surveyed to 
ensure that contaminant levels are below release limits.  Buildings and other structures would 
be decontaminated and the debris shipped offsite for disposal.  Radioactive material from 
decontamination and contaminated equipment would be packaged and shipped offsite to an 
appropriately licensed disposal facility.  Staging and laydown areas would be segregated and 
managed to prevent contamination of the environment and creation of additional wastes. 
 
Socioeconomics 
 
Small Impact.  Under the proposed action, preconstruction activities would increase the number 
of onsite construction workers and could result in a short-term increase in the demand for rental 
housing and public services in the vicinity of the Wilmington Site.  Two types of jobs would be 
created by the proposed action:  (1) construction and start-up related jobs, which are transient, 
short in duration, and less likely to have a long-term socioeconomic impact; and (2) operations-
related jobs in support of the proposed GLE Facility operations, which have the greater potential 
for permanent, long-term socioeconomic impacts within the socioeconomic region of influence 
(ROI).  The ROI covers three counties in North Carolina – Brunswick County, New Hanover 
County, and Pender County.  During the peak year of construction (2012), 680 construction 
workers would be at the proposed GLE Facility site and there would be an additional 
3131 indirect jobs created in the ROI.  Construction activities would generate $139.8 million in 
income in the ROI, including $1.7 million in State income taxes and $1.2 million in State sales 
taxes.  The number of construction workers relocating from outside the region could cause a 
short-term increase in the demand for temporary (rental) housing and services in the ROI. 
 
Facility start-up activities would create 200 new jobs in the ROI.  Start-up activities would 
generate $28.0 million in income in the ROI, including $1.3 million in State income taxes and 
$0.92 million in State sales taxes.  Again, the number of start-up workers relocating from outside 
the region could cause a short-term increase in the demand for temporary (rental) housing and 
services in the ROI.   
 
GLE Facility operations would create 350 new jobs in the ROI.  GLE Facility operations would 
generate $51.5 million in income in the ROI, including $2.3 million in State income taxes and 
$1.7 million in State sales taxes.  The number of operations workers relocating from outside the 
region could affect local housing markets and increase the demand for public services.  
However, the relatively small number of operations workers (161 to 210) estimated to relocate 
to the ROI would limit the impact.  
 
Decontamination and decommissioning activities in the first year would create 50 new jobs at 
the GLE Facility site.  Decommissioning would generate $6.1 million in income in the ROI in the 
first year.  Facility decommissioning would produce less than $0.3 million in direct State income 
taxes and less than $0.2 million in direct State sales taxes.  Decommissioning activities would 
constitute less than 1 percent of total ROI employment in the first year. 
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Environmental Justice 
 
Under the proposed action, preconstruction activities would result in impacts on minority and 
low-income populations, mostly consisting of environmental and socioeconomic effects (e.g., 
noise, dust, traffic, employment, and housing impacts).  Noise and dust impacts would be short-
term and limited to onsite activities.  Minority and low-income populations residing along site 
access roads could experience increased commuter vehicle traffic during shift changes.  
Increased demand for rental housing could disproportionately affect low-income populations.  
However, due to the short duration of preconstruction activities and the availability of rental 
housing, impacts to minority and low-income populations would be short-term and limited. 
 
The majority of environmental impacts associated with the construction and operation of the 
proposed GLE Facility would be SMALL to MODERATE (SMALL for all resource areas during 
decommissioning) and would generally be mitigated.  Because impacts to the general 
population within 4 miles of the proposed facility would be SMALL to MODERATE, the various 
phases of facility development are not expected to result in disproportionately high and adverse 
impacts on low-income or minority residents. 
 
Even when environmental impacts are anticipated to be SMALL for the general population, 
some population groups, such as those participating in subsistence hunting and fishing, could 
experience disproportionate exposure.  However, air and liquid radiological releases from the 
proposed GLE Facility are projected to be extremely low, and exposure through fish 
consumption would be even lower.  Preconstruction, construction, operation, and 
decommissioning of the proposed GLE Facility is not expected to result in disproportionately 
high and adverse impacts to minority, low-income, or subsistence consumption populations. 
 
Accidents 
 
Small Impact.  Representative accident scenarios vary in severity from intermediate- to high-
consequence events and include accidents initiated by natural phenomena, operator error, and 
equipment failure.  Two of the accidents involve criticality and the other three involve the release 
of UF6.  If the higher-consequence-criticality accident were to occur, the consequence for a 
worker in close proximity would be high (fatality), but GLE has committed to various preventive 
and mitigating measures to significantly reduce these consequences.  Worker health 
consequences are low for scenarios involving the release of UF6.  Worker health consequences 
are low to high for scenarios involving HF exposure.  Worker health consequences are 
intermediate to high for scenarios involving uranium chemical exposure.  Radiological 
consequences to a maximally exposed individual at the Controlled Area Boundary are low for 
the criticality accidents and all UF6 release scenarios.  Risk to the offsite public in the direction 
of highest exposure is estimated to be less than one lifetime cancer fatality for all accident 
scenarios.  Plant design, passive and active engineered controls, and administrative controls 
would reduce the likelihood of accidents.  Therefore, the probability-weighted consequence (or 
risk) from accidents under these conditions is expected to be SMALL.  No facility accidents 
would occur after the cessation of operations, so there would be no potential for facility 
accidents during decommissioning. 
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POTENTIAL ENVIRONMENTAL IMPACTS OF THE NO-ACTION ALTERNATIVE 
 
This EIS also considers the potential environmental impacts of the no-action alternative, which 
are summarized below.  Preconstruction activities are assumed to take place under both the 
proposed action and the no-action alternative, regardless of the NRC decision to issue a license 
for the proposed GLE Facility. 
 
Under the no-action alternative, enrichment services would continue to be performed by existing 
domestic and foreign uranium enrichment suppliers.  Paducah GDP and the NEF would 
continue to provide enrichment services.  The ACP and EREF may also provide enrichment 
services in the future.  Impacts from these other domestic enrichment facilities have been 
evaluated in other NRC environmental reviews. 
 
Land Use 
 
Small Impact.  Under the no-action alternative, preconstruction activities would occur even if the 
proposed GLE Facility is not constructed.  Preconstruction would alter the undeveloped forest 
within the Wilmington Site but is not expected to affect surrounding land use.  Other uses of the 
land at the Wilmington Site would not be precluded. 
 
Historical and Cultural Resources 
 
Small Impact.  Under the no-action alternative, ground disturbance caused by preconstruction 
activities could impact historic and cultural resources at the Wilmington Site.  Since the 
proposed GLE Facility would not be constructed under the no-action alternative, no further 
impacts on historic and cultural resources would occur. 
 
Visual and Scenic Resources 
 
Small Impact.  Under the no-action alternative, preconstruction activities would include clearing 
vegetation.  The vegetation screen along the northern part of the Wilmington Site would not be 
altered by preconstruction activities.  Since the proposed GLE Facility would not be constructed 
under the no-action alternative, the visual appearance of the Wilmington Site would not change. 
 
Air Quality 
 
Small Impact.  Under the no-action alternative, preconstruction activities would have an impact 
on ambient air quality conditions at the Wilmington Site.  Since the proposed GLE Facility would 
not be constructed under the no-action alternative, there would be no further impacts on air 
quality. 
 
Geology and Soils 
 
Small Impact.  Under the no-action alternative, preconstruction activities would have an impact 
on soil conditions at the Wilmington Site.  Since the proposed GLE Facility would not be 
constructed under the no-action alternative, there would be no further impacts to geologic and 
soils conditions at the site. 
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Surface Water Resources 
 
Small Impact.  Under the no-action alternative, preconstruction activities would have an impact 
on water quality in streams located on the Wilmington Site.  Since the proposed GLE Facility 
would not be constructed under the no-action alternative, there would be no further impacts on 
surface water resources on or near the Wilmington Site. 
 
Groundwater Resources 
 
Small Impact.  Under the no-action alternative, preconstruction activities would have an impact 
on groundwater quality in shallow aquifers at the Wilmington Site.  Since the proposed GLE 
Facility would not be constructed under the no-action alternative, there would be no further 
impacts on groundwater resources on or near the Wilmington Site. 
 
Ecological Resources 
 
Small Impact.  Under the no-action alternative, most impacts on ecological resources would 
occur during preconstruction activities.  Preconstruction impacts on wetlands, environmentally 
sensitive areas, and aquatic biota would be SMALL.  Impacts on Federally threatened and 
endangered species and impacts on the Federal species of concern or State-listed species that 
occur within New Hanover County would also be SMALL (i.e., no adverse impacts on these 
species would result from the no-action alternative).  Since the proposed GLE Facility would not 
be constructed under the no-action alternative, there would be no further impacts on ecological 
resources on or near the Wilmington Site. 
 
Noise 
 
Small Impact.  Under the no-action alternative, noise impacts associated with preconstruction 
activities would be short-term and limited to the immediate vicinity of the proposed GLE Facility 
site.  Since the proposed GLE Facility would not be constructed under the no-action alternative, 
noise from existing GE operations at the Wilmington Site would remain unchanged. 
 
Transportation 
 
Small Impact.  Under the no-action alternative, preconstruction activities would have an impact 
on traffic conditions.  These impacts would be short-term and limited to site access roads and 
roads in the vicinity of the Wilmington Site.  Since the proposed GLE Facility would not be 
constructed under the no-action alternative, there would be no further traffic-related impacts on 
site access roads and roads in the vicinity of the Wilmington Site. 
 
Public and Occupational Health 
 
Small Impact.  Occupational exposures during preconstruction activities would be minor and 
minimized using work practices and personal protective equipment.  Preconstruction activities 
are not expected to cause any exceedances of ambient air quality criteria, with the possible 
exception of short-term criteria for particulate matter from fugitive dust.  Since the proposed 
GLE Facility would not be constructed under the no-action alternative, public and occupational 
health risks to onsite workers and the general public would remain unchanged. 
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Waste Management 
 
Small Impact.  Under the no-action alternative, preconstruction activities would occur and 
generate construction-related waste streams.  Since the proposed GLE Facility would not be 
constructed under the no-action alternative, there would be no additional waste generated at the 
Wilmington Site beyond that generated by existing GE activities. 
 
Socioeconomics 
 
Small Impact.  Under the no-action alternative, preconstruction activities would increase the 
number of onsite construction workers and could result in a short-term increase in the demand 
for rental housing and public services in the vicinity of the Wilmington Site.  Since the proposed 
GLE Facility would not be constructed under the no-action alternative, population and 
employment in the ROI would change in accordance with current projections.  Activities 
completed prior to the no-action alternative (i.e., preconstruction activities) would not have a 
noticeable effect on county services. 
 
Environmental Justice 
 
Under the no-action alternative, preconstruction activities would result in impacts to minority and 
low-income populations, mostly consisting of environmental and socioeconomic effects (e.g., 
noise, dust, traffic, employment, and housing impacts).  Noise and dust impacts would be short-
term and limited to onsite activities.  Minority and low-income populations residing along site 
access roads could experience increased commuter vehicle traffic during shift changes.  
Increased demand for rental housing could disproportionately affect low-income populations.  
However, due to the short duration of preconstruction activities and the availability of rental 
housing, impacts to minority and low-income populations would be short-term and limited.  
Since the proposed GLE Facility would not be constructed under the no-action alternative, there 
would be no further impacts to minority and low-income populations residing in the vicinity of the 
Wilmington Site 
 
Based on this information, there would be no disproportionately high and adverse human health 
and environmental effects on minority and low-income populations residing in the vicinity of the 
Wilmington Site as a result of the no-action alternative. 
 
Accidents 
 
Small Impact.  Under the no-action alternative, the proposed GLE Facility would not be 
constructed.  Therefore, no accidents would result from GLE Facility operations or 
decommissioning. 
 
COSTS AND BENEFITS OF THE PROPOSED ACTION 
 
While there are national energy security and fiscal benefits associated with the proposed action, 
and local socioeconomic benefits in the ROI in which the proposed GLE Facility would be 
located, there are also direct costs associated with the construction, operation, and 
decommissioning phases of the proposed action, as well as impacts associated with the 
proposed action on various resource areas.  However, these impacts are estimated to be small 
in magnitude and small in comparison to the local and national benefits of the proposed action.  
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In addition, many of the impacts on environmental resources associated with the proposed 
action relate to preconstruction activities at the proposed site, and would also occur under the 
no-action alternative.  The principal socioeconomic impact or benefit of the proposed GLE 
Facility would be an increase in employment and income in the ROI.  Although the majority of 
the costs, and most of the socioeconomic impacts, of the various phases of GLE Facility 
development would occur in the ROI, there would be economic, fiscal, and, in particular, energy 
security benefits, which would occur at both the local and national levels. 
 
Employment created in the ROI in the peak construction year (2012) is estimated at 3811 direct 
and indirect jobs, and State income tax revenues would be approximately $0.5 million per year 
during construction.  During the GLE operations phase (2020 to 2051), 732 direct and indirect 
jobs would be created.  During this period, the State would benefit from $2.3 million annually in 
income taxes and $8.7 million annually in property taxes.  Although it can be assumed that 
some portion of State sales and income taxes paid would be returned to the ROI under 
revenue-sharing arrangements between each county and State government, the exact amount 
that would be received by each county cannot be determined.  Although there are economic and 
fiscal benefits associated with the proposed action in the ROI, these beneficial impacts are 
expected to be SMALL. 
 
The direct costs associated with the proposed action may be categorized by the following life-
cycle stages:  construction, facility operation, depleted uranium disposal, and decommissioning.  
In addition to the costs of the proposed action, costs would be incurred for preconstruction 
activities under both the proposed action and no-action alternatives.  In addition to monetary 
costs, the proposed action would result in impacts on various resource areas, which are 
summarized above.  For all resource areas, the impact of the proposed action is estimated to be 
SMALL or SMALL to MODERATE. 
 
The proposed action would result in the annual production, in peak years, of six million SWU of 
enriched uranium, which would augment the supply of enriched uranium and, along with other 
planned new enrichment facilities, would meet the national energy security need for increased 
domestic supplies of enriched uranium.  Thus, the proposed action would generate national and 
regional benefits and costs.  The national benefit would be an increase in domestic supplies of 
enriched uranium that would assist the national energy security need.  The regional benefits 
would be increased employment, economic activity, and tax revenues in the ROI.  Costs 
associated with the proposed project are, for the most part, limited to the resource areas in the 
ROI. 
 
COMPARISON OF THE PROPOSED ACTION AND THE NO-ACTION ALTERNATIVE 
 
Under the no-action alternative, the proposed GLE Facility would not be constructed.  However, 
preconstruction activities, such as land clearing, grading, and construction of support structures, 
would occur on the proposed site.  These activities could affect some resource areas, including 
historic and cultural resources, air quality, ecological resources, noise, and transportation.  
Since the proposed GLE Facility would not be constructed, no further impacts on these resource 
areas would occur as a result of the no-action alternative.  Under the no-action alternative, the 
costs and benefits of constructing, operating, and decommissioning the proposed GLE Facility 
would not occur.  Denying the license would result in no further land disturbance or activity 
related to the proposed action at the Wilmington Site; therefore, no further impacts would occur 
for any resource area. 



  Executive Summary 

February 2012 xlv NUREG-1938 

Under the no-action alternative, the Paducah GDP in Paducah, Kentucky, would remain the 
primary source of domestically generated low-enriched uranium for U.S. commercial nuclear 
power plants (supplying 16 percent of U.S. demand).  The NEF in Lea County, New Mexico 
(d/b/a URENCO USA), which is operational but still under construction, the ACP, and the EREF 
may provide enrichment services in the future.  Foreign enrichment sources from the 
downblending of highly enriched uranium under the Megatons-to-Megawatts Program and other 
foreign sources would be expected to continue to supply approximately 84 percent of the U.S. 
demand. 
 
Under the proposed action (construction, operation, and eventual decommissioning of the 
proposed GLE Facility), there would be SMALL impacts on land use, visual and scenic 
resources, geology and soils, water resources, socioeconomic conditions, minority and low-
income populations, public and occupational health, and waste management.  The proposed 
action would have SMALL to MODERATE adverse impacts on historic and cultural resources, 
air quality, ecological resources, noise, and transportation; these impacts would be largely 
attributable to preconstruction activities.  Impacts from the most serious accidents that might 
occur under the proposed action are expected to be SMALL.  If constructed, the proposed GLE 
Facility would provide additional domestic uranium enrichment capacity. 
 
CUMULATIVE IMPACTS 
 
This EIS also considers cumulative impacts that could result from the proposed action when 
added to other past, present, and reasonably foreseeable future actions (Federal, non-Federal, 
or private).  Identified activities include planned facilities and new processes at the Wilmington 
Site, as well as offsite industrial development.  Two projects for the Wilmington Site include the 
recently constructed Advanced Technology Center II complex and the planned Tooling 
Development Center.  Offsite projects include the Carolinas Cement Company manufacturing 
plant, the River Bluffs residential development, and the North Carolina International Terminal. 
 
Impacts from preconstruction activities for the proposed GLE Facility are addressed as 
cumulative impacts in this EIS, as these actions are not part of the proposed action.  In this 
sense, preconstruction activities would be considered past activities for the purposes of 
cumulative impacts.  These impacts are presented alongside similar impacts from construction 
of the facility that are included in the proposed action.  With the exception of socioeconomic 
impacts (i.e., local job creation), cumulative impacts associated with the no-action alternative 
would generally be less than those for the proposed action, except in terms of local job creation. 
 
SUMMARY OF ENVIRONMENTAL CONSEQUENCES 
 
Preconstruction activities and the proposed action would result in unavoidable adverse impacts 
on the environment.  These impacts would generally be small, and would, in most cases, be 
mitigated.  The disturbed area would be cleared of vegetation and would lead to the 
displacement of some local wildlife populations.  There would be temporary impacts from the 
construction of new facilities, including increased fugitive dust, increased potential for soil 
erosion and stormwater pollution, and increased vehicle traffic and emissions.  Water 
consumption from onsite wells during the proposed action would be relatively small and the risk 
for significant adverse impacts on neighboring residential wells or public supply wells is 
expected to be small.  During operations, workers and members of the public could be exposed 
to radiation and chemicals. 
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This EIS defines short-term uses as generally affecting the present quality of life for the public 
(i.e., the 40-year license period for the proposed GLE Facility); and long-term productivity as 
affecting the quality of life for future generations on the basis of environmental sustainability.  
Preconstruction and the proposed action would necessitate short-term commitments of 
resources and would permanently commit certain other resources (such as energy and water).  
The short-term use of resources would result in potential long-term socioeconomic benefits to 
the local area and the region. 
 
Workers, the public, and the environment would be exposed to increased amounts of hazardous 
and radioactive materials over the short term from operations of the proposed GLE Facility.  
Construction and operation would require a long-term commitment of terrestrial resources, such 
as land, water, and energy.  Short-term impacts would be minimized by the application of 
appropriate mitigation measures.  Upon the closure of the proposed GLE Facility, GLE would 
decontaminate and decommission the buildings and equipment and restore them for 
unrestricted use.  Continued employment, expenditures, and tax revenues generated during the 
proposed action would directly benefit the local, regional, and State economies. 
 
Irreversible commitment of resources refers to resources that are destroyed and cannot be 
restored, whereas an irretrievable commitment of resources refers to material resources that 
once used cannot be recycled or restored for other uses by practical means.  The proposed 
action would include the commitment of land, water, energy, raw materials, and other natural 
and human-generated resources.  Following decommissioning, the land occupied by the 
proposed facility would likely remain industrial beyond license termination.  Water required 
during preconstruction and the proposed action would be obtained from existing wells at the 
Wilmington Site and would be replenished through natural mechanisms.  Wastewaters would be 
treated to meet applicable standards and released to local receiving surface waters.  Energy 
used in the form of electricity, natural gas, and diesel fuel would be supplied through existing 
systems in the Wilmington area.  The specific types of construction materials and the quantities 
of energy and materials used cannot be determined until final facility design is completed, but it 
is not expected that these quantities would strain the availability of these resources. 
 
Even though the land used to construct the proposed GLE Facility would be returned to other 
productive uses after the facility is decommissioned, there would be some irreversible 
commitment of land at offsite locations used to dispose of solid wastes generated by the facility.  
In addition, wastes generated during the conversion of depleted UF6 produced by the facility 
and the depleted uranium oxide conversion product from the conversion of depleted UF6 would 
be disposed at an offsite location.  Land used for disposal of these materials would represent an 
irreversible commitment of land.  No solid wastes or depleted uranium oxide conversion product 
originating from the proposed GLE Facility would be disposed of at the Wilmington Site.  When 
the facility is decommissioned, some building materials would be recycled and reused.  Other 
materials would be disposed of in a licensed and approved offsite location, and the amount of 
land used to dispose of these materials would be an irretrievable land resource. 
 
During operation of the proposed GLE Facility, natural UF6 would be used as feed material, 
requiring the mining of uranium and several other operational steps in the uranium fuel cycle.  
This use of uranium would be an irretrievable resource commitment. 
 



 

February 2012 xlvii NUREG-1938 

ACRONYMS AND ABBREVIATIONS 

 
AADT  annual average daily traffic 
AAL  Acceptable Ambient Level 
ac  acre 
ACHP  Advisory Council on Historic Preservation 
ACP  American Centrifuge Plant 
ADAMS Agencywide Documents Access and Management System 
ADT  average daily vehicle trips 
AE/SCO Aircraft Engines/Services Components Operation 
AEA  Atomic Energy Act  
AEGL  Acute Exposure Guideline Level 
AERMOD AMS/EPA Regulatory MODel  
AES  AREVA Enrichment Services, LLC 
ALARA As Low As Reasonably Achievable 
AMA  American Medical Association 
ANSI  American National Standards Institute 
AQRV  air quality-related value 
ASA  Acoustical Society of America 
ATC II  Advanced Technology Center 
ATSDR Agency for Toxic Substances and Disease Registry 
AVLIS  atomic vapor laser isotope separation 
 
BLM  U.S. Bureau of Land Management 
BLS  Bureau of Labor Statistics 
BMP  best management practice 
BOD  biochemical oxygen demand 
 
C  Celsius 
CAA  Clean Air Act 
CAB  Controlled Area Boundary 
CAL/EPA California Office of Environmental Health Hazard Assessment 
CAMA  Coastal Area Management Act 
CaOH  lime 
CAS  Chemical Abstracts Service 
CAST  Horticultural Crops Research Station (Castle Hayne, NC) 
CBA  cost-benefit analysis 
cDCE  cis-1,2 dichloroethylene 
CDC  Centers for Disease Control and Prevention 
CaF2  calcium fluoride 
CEDE  committed effective dose equivalent 
CEQ  Council on Environmental Quality 
CERCLIS Comprehensive Environmental Response, Compensation, and Liability 

Information System 
CFC  chlorofluorocarbon 
CFR  U.S. Code of Federal Regulations 
CH4  methane 
Ci  Curie 
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CO  carbon monoxide 
COL  combined license 
COLA  combined license application 
CO2  carbon dioxide 
CO2e  carbon dioxide equivalent 
CPC  Center for Plant Conservation 
CSC  Coastal Services Center 
CWA  Clean Water Act 
CZM  Coastal Zone Management  
 
D&D  decontamination and decommissioning 
dB  decibel 
dBA  A-weighted decibel 
d/b/a  doing business as 
dbh  diameter at breast height 
DC  design certification 
DCE  dichloroethylene 
DCF  dose conversion factor 
DCM  Division of Coastal Management 
DCP  dry conversion process 
DDE  deep dose equivalent 
DEIS  Draft Environmental Impact Statement 
DFP  decommissioning funding plan 
DMT  Dundalk Marine Terminal 
DNA  deoxyribonucleic acid 
DNFSB Defense Nuclear Facilities Safety Board 
DNL  day-night average noise level 
DOE  U.S. Department of Energy 
DOI  U.S. Department of Interior 
DOL  U.S. Department of Labor 
DOT  U.S. Department of Transportation 
DU  depleted uranium 
DUF4  depleted uranium tetrafluoride 
DUF6  depleted uranium hexafluoride 
DWQ  Division of Water Quality 
 
EA  environmental assessment 
EAC  Early Action Compact 
EF  Enhanced Fujita 
EHS  Environmental, Health, and Safety 
EIA  Energy Information Administration 
EIS  environmental impact statement 
EMF  electromagnetic field 
EPA  U.S. Environmental Protection Agency 
ER  Environmental Report 
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EREF  Eagle Rock Enrichment Facility 
ESA  Endangered Species Act 
ESI  Environmental Services, Inc. 
 
F  Fahrenheit; Fujita 
FAA  Federal Aviation Administration 
FCO  Fuel Components Operation 
FBI  Federal Bureau of Investigation 
FEIS  Final Environmental Impact Statement 
FEMA  Federal Emergency Management Agency 
FLM  Federal Land Manager 
FMO/FMOX Fuel Manufacturing Operation 
FPLTF  Final Process Lagoon Treatment Facility 
FR  Federal Register 
ft  foot/feet 
FTE  full-time equivalent 
FWS  U.S. Fish and Wildlife Service 
 
g  gram 
gal  gallon 
GDP  Gaseous Diffusion Plant 
GE  General Electric 
GEH  General Electric-Hitachi 
GHG  greenhouse gas 
GLE  GE-Hitachi Global Laser Enrichment LLC 
GNEP  Global Nuclear Energy Partnership 
GNF-A  Global Nuclear Fuel-Americas 
gpd  gallons per day 
GWh  gigawatt-hour 
GWP  global warming potential 
 
H2O  water vapor 
ha  hectare 
HAP  hazardous air pollutant 
HDDV  heavy-duty diesel vehicle 
HEGA  high-efficiency gas absorption 
HEPA  high-efficiency particulate air 
HEU  highly enriched uranium 
HF  hydrogen fluoride or hydrofluoric acid 
HFC  hydrofluorocarbon 
HFC-23 trifluoromethane 
HMTA  Hazardous Materials Transportation Act 
HNO3  nitric acid 
HVAC  heating, ventilation, and air conditioning 
HUD  U.S. Department of Housing and Urban Development 
HWS  Hazardous Waste Section  
Hz  hertz 
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I  Interstate 
ICRP  International Commission of Radiological Protection 
IDLH  Immediately Dangerous to Life and Health 
IHSB  Inactive Hazardous Sites Branch  
IMPLAN Impact Analysis for Planning 
in.  inch(es) 
IROF  item relied upon for safety 
ISA  integrated safety analysis 
ITE  Institute of Transportation Engineers 
 
kHz  kilohertz 
km  kilometer 
 
l  liter 
lb  pound 
LCF  latent cancer fatality 
LDGV  light-duty gasoline vehicle  
Ldn  day-night maximum average sound level 
Leq  equivalent sound level 
Leq(24)  24-hour equivalent sound level 
LEDPA least environmentally damaging practicable alternative 
LES  Louisiana Energy Services, LLC 
LEU  low-enriched uranium 
LLRW  low-level radioactive waste 
lpd  liters per day 
LSA  low specific activity 
 
m  meter 
MDC  minimum detectable concentration 
MEI  maximally exposed individual 
mg  milligram 
mi  mile(s) 
mg/m3  milligrams per cubic meter 
MLIS  molecular laser isotope separation 
MMt  million metric tons 
MNA  monitored natural attenuation 
MOX  mixed oxide fuel 
mph  miles per hour 
mrem  millirem 
m/s  meters per second 
MSA  Metropolitan Statistical Area 
MSL  mean sea level 
mSv  millisievert 
MSW  municipal solid waste 
MT/yr  metric tons per year 
MWe  megawatt electric 
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MWh  megawatt-hour 
 
N2O  nitrous oxide 
NAAQS National Ambient Air Quality Standards 
NaOH  sodium hydroxide 
NC   North Carolina 
NCAC  North Carolina Administrative Code 
NCDAQ North Carolina Division of Air Quality 
NCDC  National Climatic Data Center 
NCDENR North Carolina Department of Environment and Natural Resources 
NCDEHNR North Carolina Department of Health, Environment, and Natural Resources 
NCDMF North Carolina Division of Marine Fisheries 
NCDOL North Carolina Department of Labor 
NCDOT North Carolina Department of Transportation 
NCDWQ North Carolina Division of Water Quality 
NCES  National Center for Education Statistics 
NCGS  North Carolina General Statutes 
NCIT  North Carolina International Terminal 
NCNHP North Carolina Natural Heritage Program 
NCOSBM North Carolina Office of State Budget and Management 
NCRP  National Council on Radiation Protection and Measurements 
NCWRC North Carolina Wildlife Resources Commission 
NEF  National Enrichment Facility 
NELAC National Environmental Laboratory Accreditation Conference 
NEMA  National Electric Manufacturers Association 
NEPA  National Environmental Policy Act 
NERC  North American Reliability Corporation 
NESHAPs National Emission Standards for Hazardous Air Pollutants 
NHC  National Hurricane Center 
NHPA  National Institute for Occupational Safety 
NIOSH  National Institute for Occupational Safety and Health 
NIST   National Institute of Standards and Technology 
NLCD92 National Land Cover Data 1992 archives 
NMFS  National Marine Fisheries Service 
NMSS  Office of Nuclear Materials Safety and Safeguards 
NMTOC nonmethane total organic compound 
NMVOC nonmethane volatile organic compound 
NO2  nitrogen dioxide 
NOx  nitrogen oxide, oxide of nitrogen 
NOAA  National Oceanic and Atmospheric Administration 
NOI  Notice of Intent 
NOV  Notice of Violation 
NPCR  National Program of Cancer Registries 
NPDES National Pollutant Discharge Elimination System 
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NRC  U.S. Nuclear Regulatory Commission 
NRCS  U.S. Natural Resources Conservation Service 
NRHP  National Register of Historic Places 
NSSL  National Severe Storms Laboratory 
NWS  National Weather Service 
 
O3  ozone 
OSHA  Occupational Safety and Health Administration 
OSTV  onsite transfer vehicle 
 
PA  Programmatic Agreement 
PAH  polycyclic aromatic hydrocarbon 
Pb  lead 
PFC  perfluorocarbon 
PM  particulate matter 
PM2.5  particulate matter equal to or smaller than 2.5 micrometers in diameter 
PM10  particulate matter equal to or smaller than 10 micrometers in diameter 
PMT  Portsmouth Marine Terminal 
ppm  parts per million 
PSD  Prevention of Significant Deterioration  
PWR  pressurized water reactor 
 
RAI  Request for Additional Information 
RCRA  Resource Conservation and Recovery Act 
RCW  red-cockaded woodpecker  
rem  roentgen equivalent man 
RLETS  Radiological Liquid Waste Treatment System 
ROI   region of influence 
ROW  right-of-way 
RPS  North Carolina Radiation Protection Section 
RSL  Regional Screening Level 
RTI  Research Triangle Institute 
RVP  Reid vapor pressure 
 
SAAQS State Ambient Air Quality Standards 
SAM  Social Accounting Matrix 
SCONC State Climate Office of North Carolina 
SER  Safety Evaluation Report 
SF6  sulfur hexafluoride 
SHPO  State Historic Preservation Office(r) 
SILEX  separation of isotopes by laser excitation 
SNF  spent nuclear fuel 
SO2  sulfur dioxide 
SOx  sulfur oxide 
SPCC   Spill Prevention Control and Countermeasure 
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SUV  sport-utility vehicle 
Sv  Sievert 
SVOC  semivolatile organic compound 
SWU  separative work unit 
 
TAP  toxic air pollutant 
TCE  trichloroethylene 
TEDE  total effective dose equivalent 
Tg  teragram 
TLD  thermoluminescent dosimeter 
TSDF  treatment, storage, and disposal facility 
TSP  total suspended particulates 
TSS  total suspended solids 
TWA  time-weighted average 
 
U3O8  triuranium octaoxide 
UO2  uranium dioxide 
UO2F2  uranyl fluoride 
UF6  uranium hexafluoride 
UNFCCC United Nations Framework Convention on Climate Change 
USACE U.S. Army Corps of Engineers 
U.S.C.  United States Code 
USCB  U.S. Census Bureau 
USDA  U.S. Department of Agriculture 
USEC  United States Enrichment Corporation 
USGCRP United States Global Change Research Program 
USGS  U.S. Geological Survey 
UV  ultraviolet 
 
VC  vinyl chloride 
VMT  vehicle miles traveled 
VOC  volatile organic compound 
VRM  visual resource management 
 
WFSC  Wilmington Field Services Center 
WMA  Wildlife Management Area 
WSA  Wilderness Study Area 
WWTF  Wastewater Treatment Facility 
 

g  microgram 
m  micrometer 
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APPENDIX B 

CONSULTATION LETTERS 

 
 
B.1  Endangered Species Act  Consultation Letters 

 
The U.S. Nuclear Regulatory Commission (NRC) sent coordination letters to the U.S. Fish and 
Wildlife Service (Raleigh Field Office) and the National Marine Fisheries Service (Southeast 
Regional Office) related to threatened and endangered species and critical habitats.  All of the 
NRC letters and agency responses can be accessed via NRC’s online document retrieval 
system (ADAMS) using the accession numbers in Table B-1. 
 

Table B-1  Consultations with Government Agencies Related to Threatened and 

Endangered Species and Critical Habitats 

Agency (Date) ADAMS Accession Number(s) 

NRC letter to U.S. Fish and Wildlife Service, Raleigh Field Office 
(May 1, 2009) 

ML091100107 

Response from U.S. Fish and Wildlife Service, Raleigh Field 
Office (June 8, 2009) 

ML091700024 

NRC letter to National Oceanic and Atmospheric Administration 
(NOAA) Fisheries, Southeast Regional Office (June 18, 2009) 

ML091660499 

Response from NOAA Fisheries, Southeast Regional Office 
(August 3, 2009) 

ML092170775 

NRC letter to U.S. Fish and Wildlife Service, Raleigh Field Office 
(August 10, 2009) 

ML092030404 

NRC letter to U.S. Fish and Wildlife Service, Raleigh Field Office 
(June 17, 2010) 

ML101241315 

NRC letter to NOAA Fisheries, Southeast Regional Office 
(June 17, 2010) 

ML101260503 

Response from U.S. Fish and Wildlife Service, Raleigh Field 
Office (August 10, 2010) 

ML102420377 

Response from NOAA Fisheries, Southeast Regional Office 
(April 20, 2011) 

ML111110808 
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From: Andrew.Herndon [mailto:Andrew.Herndon@noaa.gov]  

Sent: Monday, August 03, 2009 8:33 AM 

To: GLE_EIS Resource 

Subject: NOAA Fisheries Protected Species Information 

 

To Whom it May Concern, 

 

Per your request, attached and included here is information on the protected 

species under NOAA Fisheries' purview that may by affected by the proposed 

project. 

 

Attachment 1:  List of all Endangered Species Act (ESA)-listed species known 

to occur off North Carolina. 

Attachment 2-4: Information on Shortnose Sturgeon.  Additional information on 

shortnose sturgeon can be found in its recovery plan at: 

http://www.nmfs.noaa.gov/pr/pdfs/recovery/sturgeon_shortnose.pdf 

Attachment 5:  A guide to how best analyze potential impacts to ESA-listed 

species. 

 

Below are links to information on the species of sea turtles that may be 

affected by the project.  The first link to the NOAA Fisheries-Protected 

Resources webpage for each species, the second link is to the most recent 

version of the recovery plan for each species.  Please note links to other 

useful documents may be available on each species' webpage.  

 

Loggerhead: 

http://www.nmfs.noaa.gov/pr/species/turtles/loggerhead.htm; 

http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_loggerhead_atlantic.pdf 

Leatherback:   

http://www.nmfs.noaa.gov/pr/species/turtles/leatherback.htm; 

http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_leatherback_atlantic.pdf 

Hawksbill:  http://www.nmfs.noaa.gov/pr/species/turtles/hawksbill.htm; 

http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_hawksbill_atlantic.pdf 

Green:  http://www.nmfs.noaa.gov/pr/species/turtles/green.htm; 

http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_green_atlantic.pdf 

Kemp's ridley:   

http://www.nmfs.noaa.gov/pr/species/turtles/kempsridley.htm; 

http://www.nmfs.noaa.gov/pr/species/turtles/kempsridley.htm 

 

Please remember that providing your determination of why an ESA-listed 

species may or may not be affected by the proposed action with your request 

for consultation will increase the speed with which it can be processed. 

 

Feel free to contact this office at any time if you have additional 

questions. 

 

Andy  

mailto:Andrew.Herndon@noaa.gov
http://www.nmfs.noaa.gov/pr/pdfs/recovery/sturgeon_shortnose.pdf
http://www.nmfs.noaa.gov/pr/species/turtles/loggerhead.htm
http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_loggerhead_atlantic.pdf
http://www.nmfs.noaa.gov/pr/species/turtles/leatherback.htm
http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_leatherback_atlantic.pdf
http://www.nmfs.noaa.gov/pr/species/turtles/hawksbill.htm
http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_hawksbill_atlantic.pdf
http://www.nmfs.noaa.gov/pr/species/turtles/green.htm
http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_green_atlantic.pdf
http://www.nmfs.noaa.gov/pr/species/turtles/kempsridley.htm
http://www.nmfs.noaa.gov/pr/species/turtles/kempsridley.htm
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[Attachment 1 of e-mail from Andrew Herndon] 
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[Attachment 2 of e-mail from Andrew Herndon] 
 
Moser, M.L., and S.W. Ross.  “Habitat Use and Movements of Shortnose and Atlantic 
Sturgeons in the Lower Cape Fear River, North Carolina.”  T AM Fish Soc 124:225 234, 1995.  
ADAMS Accession No. ML092170775. 
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[Attachment 3 of e-mail from Andrew Herndon] 
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[Attachment 4 of e-mail from Andrew Herndon] 
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B.2   Section 106 Consultation Letters 

 
On August 27, 2009, and September 2, 2009, the U.S. Nuclear Regulatory Commission (NRC) 
sent consultation letters to 16 American Indian tribes and organizations.  The list of tribes and 
organizations (see Section 9.2) was provided by the North Carolina State Historic Preservation 
Office (SHPO).  This section contains one sample of the outgoing NRC letter; the remaining 
NRC letters can be accessed via NRC’s online document retrieval system (ADAMS) using the 
accession numbers in Table B-2.  The two responses received by the NRC are also shown in 
the table, and copies of the response letters are included in this section. 
 
Also included in this section are copies of Section 106 correspondence involving the North 
Carolina SHPO and the Advisory Council on Historic Preservation.  Dates and accession 
numbers are provided in Table B-3. 
 

Table B-2  NRC Correspondence with American Indian Tribes and Organizations 

Tribe ADAMS Accession Number(s) 

Catawba Indian Nation ML092120329 

Cherokee Nation of Oklahoma ML092120524 

Coharie Indian Tribe ML092150041 

Cumberland County Association for Indian People ML092150248 

Eastern Band of Cherokee Indians ML092150452 

Guilford Native American Association ML092160204 

Haliwa-Saponi Indian Tribe ML092160271, ML092160427 

Lumbee Indian Tribe ML092160427 

Meherrin Indian Tribe ML092160461 

Metrolina Native American Association ML092160756 

Occaneechi Band of the Saponi Nation ML092230748 

Sappony Nation ML092160873 

Triangle Native American Society ML092160934 

Tuscarora Nation ML092170004 

United Keetoowah Band of Cherokee Indians ML092170014 

Waccamaw Siouan Indian Tribe (August 27, 2009) ML092170017 

Response from Coharie Indian Tribe (undated letter) ML092600484 

Response from United Keetoowah Band of Cherokee Indians 
(November 24, 2009) 

ML093570295 

NRC letter to United Keetoowah Band of Cherokee Indians 
(June 17, 2010) 

ML101660041 
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Table B-3  Section 106 Correspondence with the North Carolina SHPO and the 

Advisory Council on Historic Preservation 

Correspondence ADAMS Accession Number 

NRC letter to North Carolina Department of Cultural Resources, 
State Historic Preservation Office (SHPO) (April 29, 2009) 

ML091100104 

Response from SHPO (June 2, 2009) ML091630258 

NRC letter to Advisory Council on Historic Preservation (ACHP) 
(September 1, 2009) 

ML092380591 

Environmental Services, Inc. to SHPO (December 9, 2009) -- 

NRC letter to SHPO (February 25, 2010) ML100470007 

NRC letter to SHPO (June 17, 2010) ML101241259 

NRC letter to ACHP (June 17, 2010) ML101241127 

Response from SHPO (July 15, 2010 – part of North Carolina 
Department of Administration submittal) 

ML102180383 

NRC letter to SHPO (March 28, 2011) ML110840685 

Response from SHPO (April 5, 2011) ML110950680 
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B.3   Other Consultation Letters 

 
The U.S. Nuclear Regulatory Commission (NRC) sent consultation letters to several Federal, 
State, and local government agencies.  This section contains copies of several of these letters.  
The North Carolina Department of Labor responded in a teleconference on July 14, 2009.  The 
North Carolina Department of Environmental and Natural Resources (Radiation Protection 
Section) sent requested data on September 1, 2009; this data is not provided in this appendix 
but can be accessed via NRC’s online document retrieval system (ADAMS).  All of the NRC 
letters and agency responses can be accessed via ADAMS using the accession numbers in 
Table B-4. 
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Table B-4  Additional Consultations with Government Agencies 

Agency (Date) ADAMS Accession Number(s) 

NRC letter to North Carolina Department of Administration 
(NCDAH), State Environmental Review Clearinghouse (May 4, 
2009) 

ML091330018 

NRC letter to North Carolina Department of Labor (June 15, 2009) ML091620188 

NRC letter to New Hanover County Planning Department (June 22, 
2009) 

ML091630272 

Response 1 from NCDAH, State Environmental Review 
Clearinghouse (June 22, 2009) 

ML091730327 

Response 2 from NCDAH, State Environmental Review 
Clearinghouse (June 24, 2009) 

ML091760350 

Response 3 from NCDAH, State Environmental Review 
Clearinghouse (July 15, 2009) 

ML091960418 

NRC letter to North Carolina Department of Environment and 
Natural Resources, Radiation Protection Section (July 28, 2009) 

ML091960499 

NRC letter to United States Army Corps of Engineers (USACE) 
(August 13, 2009) 

ML092160036 

Response from New Hanover County Planning Department 
(received August 20, 2009) 

ML092360197 

Responses from North Carolina Department of Environment and 
Natural Resources, Radiation Protection Section (September 1, 
2009) 

ML100630876 
ML100630877 
ML100630880 
ML100630887 
ML100630890 
ML100630893 
ML100630907 

Response from USACE (November 23, 2009) ML093570306 

NRC letter to NCDAH, State Environmental Review Clearinghouse 
(June 17, 2010) 

ML101310322 

NRC letter to USACE (June 17, 2010) ML101330192 

Response from NCDAH, State Environmental Review 
Clearinghouse (August 6, 2010) 

ML102180383 
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APPENDIX C 

RADIOLOGICAL AND CHEMICAL IMPACT ASSESSMENT METHODOLOGY AND IMPACTS 

 
C.1  Introduction 

 
This appendix discusses the methodology, data, and results for the potential impacts to workers 
as well as members of the general public resulting from preconstruction and construction 
activities, and normal operations of the proposed General Electric (GE)-Hitachi Global Laser 
Enrichment LLC (GLE) Facility.  The impacts during decommissioning are discussed in 
Section 4.2.17.10. 
 
Radiological impacts during preconstruction and construction activities would be accrued 
primarily to the workers.  Exposures to the offsite public would not be expected due to the 
distance from construction emission sources.  However, the public would be exposed to 
emissions from the proposed GLE Facility during the overlap period of construction and early 
operations.   
 
Preconstruction and construction activities would not generate any radiological contamination, 
but they could disturb areas previously contaminated due to deposition of contaminated 
particulates on soil from air effluent releases of past operation of the Fuel Manufacturing 
Operation (FMO) Facility as well as to the current air emissions from FMO facility operations.  
Preconstruction and construction workers could also be exposed to external gamma radiation 
from stored depleted uranium (DU) cylinders, low-enriched uranium (LEU) product cylinders, 
natural feed cylinders and empty cylinders relating to the existing FMO operations.  
Construction workers would also be exposed to air effluent releases from the proposed 
GLE Facility and external radiation from cylinder storage (DU, LEU, etc.) during the period when 
construction and early operation overlap.   
 
Radiation impacts to members of the general public would result from the atmospheric release 
of uranium from normal operations as well as external gamma radiation associated with stored 
cylinders.  Potential long-term, low-level, hydrogen fluoride (HF) and uranium exposures to 
members of the public would be the primary offsite chemical exposures of concern. 
 
Potential radiation impacts to GLE operational workers include internal exposures associated 
with uranium enrichment operations, external exposures to DU and LEU product cylinders, as 
well as external exposures associated with process operations.  Radiation dosimetry associated 
with similar operational facilities will be used to assess operational worker doses at the 
proposed GLE Facility. 
 
C.2 Pathway Assessment Methodology 

 
For calculating the doses to workers from existing soil contamination, the RESRAD code 
Version 6.5 (Yu et al., 2001) was used in conjunction with contamination data from site 
environmental reports (GNF-A, 2007) and the environmental assessment for the license 
renewal for the Global Nuclear Fuel-Americas (GNF-A) FMO Facility (NRC, 2009).  The 
CAP88-PC computer code was used to estimate the dose from existing FMO operations and air 
effluent releases from the proposed GLE Facility.  The CAP88-PC code also calculates airborne 
concentrations in picocuries per cubic meter for each radionuclide at user-defined locations.  
These concentrations can be converted to micrograms per cubic meters for the purpose of 
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evaluating the chemical toxicity of uranium.  Similarly, the chemical toxicity from HF emissions 
can be evaluated.  For estimating the external dose from the cylinder storage yard, the 
RESRAD-BUILD code Version 3.5 (Yu et al., 2003) was used.  The GENII Version 2 computer 
code was used to estimate the doses for the public from liquid effluent releases (Napier, 2007; 
Napier et al., 2007).   
 
C.2.1 Construction Workers 

 
The primary exposure pathways for construction workers from existing soil contamination are: 
 
• inhalation of contaminated dust resuspended by construction activities in contaminated soils 
 
• external exposure from previously contaminated soils  
 
The primary exposure pathways for construction workers from existing FMO operations are: 
 
• external radiation from stored DU tails, LEU product, and natural feed and empty cylinders 

from FMO operations  
 
• external gamma radiation due to plume submersion from FMO operations 
 
• external gamma radiation due to deposition from FMO operations 
 
• inhalation of uranium compounds due to plume passage from FMO operations 
 
• inhalation of uranium compounds due to resuspension from FMO operations 
 
The additional exposure pathways for construction workers associated with continued 
construction activities after startup of the proposed GLE Facility include: 
 
• external radiation from stored DU tails, LEU product, and natural feed and empty cylinders 

from operation of the proposed GLE Facility  
 
• external gamma radiation due to plume submersion from GLE Facility operations 
 
• external gamma radiation due to deposition from GLE Facility operations 
 
• inhalation of uranium compounds due to plume passage from GLE Facility operations 
 
• inhalation of uranium compounds due to resupension from GLE Facility operations 
 
C.2.2 Members of the General Public 

 
Radiological impacts to members of the general public from air effluent releases were estimated 
for the following receptors: 
 
• nearest resident 
 
• hypothetical persons residing outside the Wilmington Site boundary   



  Appendix C 

February 2012 C-3 NUREG-1938 

The following exposure pathways were included in the dose assessment: 
 
• external gamma radiation due to plume submersion  
 
• external gamma radiation due to deposition  
 
• inhalation of uranium compounds due to plume passage  
 
• inhalation of uranium compounds due to resuspension  
 
• ingestion of plant foods grown onsite and/or within the region of the proposed GLE Facility  
 
• ingestion of meat products raised onsite and/or within the region of the proposed GLE 

Facility 
 
• ingestion of milk produced onsite and/or within the region of the proposed GLE Facility  
 
Radiological impacts to the public were also estimated from liquid effluent releases.  It was 
assumed that a member of the public was exposed to contaminated surface water from 
recreational activities and from ingestion of fish grown in the contaminated surface water.  The 
recreational activities considered were swimming, boating, and use of shoreline.  The following 
exposure pathways were included in the dose assessment: 
 
• external exposure from swimming 
 
• external exposure from boating  
 
• external exposure from contaminated shoreline sediment  
 
• inadvertent ingestion of contaminated surface water during swimming 
 
• ingestion of fish grown in contaminated surface water 
 
C.2.3 GLE Operational Workers 

 
Radiological impacts to GLE operational workers were estimated on the basis of dosimetry 
records from historical operations from similar facilities.  The GLE operational workers will be 
monitored under a radiation dosimetry program that measures both external and internal 
radiation doses. 
 
C.2.4 Dose Assessment Methodology for Existing Soil Contamination 

 
For calculating the doses to workers from the existing soil contamination, the RESRAD code 
Version 6.5 (Yu et al., 2001) was used.  RESRAD incorporates pathway analysis models to 
evaluate the dose from direct exposure, inhalation of particulates and radon, and ingestion of 
plant foods, meat, milk, aquatic foods, water, and soil.  Preconstruction and construction 
workers were assumed to not ingest any foods grown onsite; therefore, only doses from direct 
external exposure and inhalation pathways were considered.  The contamination in RESRAD 
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changes are due to soil erosion, leaching, and in-growth and decay of radionuclides in the 
decay chain. 
 
The external pathway dose for an outside receptor in the RESRAD code is calculated as: 
 

n

nnnnextni FSFAFCDDCFtCFtD ,)()(  (Eq. 1) 

 
where 
 
Fi = fraction of time spent outside near the source 
Cn(t)  = yearly average concentration of radionuclide n present at time t (pCi/g) 
DCFext,n  = external dose conversion factor for infinite volume source for radionuclide n 

(mrem/yr/pCi/g) 
FCDn  = depth-and-cover factor that corrects for the depth of contamination and any cover on 

top of contamination of radionuclide n 
FAn  = area factor corrects for the area of contamination for radionuclide n 
FSn  = shape factor corrects for the irregular shape of the contaminated area for 

radionuclide n 
 
In the RESRAD code for external pathway dose estimation, the depth-and-cover factor is 
calculated from the thickness of contamination and the thickness of cover material.  The area 
factor is calculated from the contaminated area, and the shape factor is calculated if the 
contamination is not circular.  All three factors are radionuclide-dependent. 
 
The inhalation pathway dose for an outside receptor in the RESRAD code is calculated as: 
 

n

ninhni FIASRFAFCDDCFtCFtD ,)()(  (Eq. 2) 

 
where 
 
Fi = fraction of time spent outdoors 
Cn(t)  = yearly average concentration of radionuclide n present at time t (pCi/g) 
DCFinh,n = inhalation dose conversion factor for radionuclide n (mrem/pCi) 
FCD = depth-and-cover factor that corrects for the depth of contamination and any cover on 

top of contamination 
FA = area factor corrects for the area of contamination 
ASR = average mass loading of airborne contaminated soil particles (g/m3) 
FI = annual intake of air (m3/yr) 
 
In the RESRAD code for inhalation pathway dose estimation, the depth-and-cover factor is 
calculated from the thickness of contamination and the thickness of cover material.  The area 
factor is calculated from the size of the contaminated area.  Both parameters are radionuclide-
independent.  The detailed discussion on yearly average concentration calculations and these 
pathways can be found in the RESRAD manual (Yu et al., 2001). 
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C.2.5 Dose Assessment Methodology for Air Effluent Releases 

 
The CAP88-PC code (Version 3) was used to estimate the radiological impacts associated with 
the atmospheric transport of uranium isotope air emission during normal operations 
(Rosnick, 2007).  CAP88-PC estimates the total effective dose associated with the external, 
inhalation, and ingestion pathways.  Version 3 of the code has incorporated dose conversion 
and risk factors from Federal Guidance Report Number 13 (FGR-13) (EPA, 1999), which utilized 
dose conversion factors from the International Commission on Radiological Protection (ICRP) 
72 (ICRP-72) (ICRP, 1996). 
 
The CAP88-PC code incorporates a modified version of the AIRDOS-EPA program to calculate 
the environmental transport of radionuclides.  Relevant sections of the CAP88-PC Version 3 
user guide are reproduced in this section as referenced. 
 
At the center of the atmospheric transport model is the Gaussian plume model of Pasquill as 
modified by Gifford: 
 

222

2
1exp

2
1exp

2
1exp

2 zzyzy

HzHzyQ  (Eq. 3) 

 
where 
 
 = concentration in air (chi) at x meters downwind, y meters crosswind and z meters above 

ground (Ci/m3) 
Q = Release rate from stack (Ci/s) 
μ = wind speed (m/s) 

y  = horizontal dispersion coefficient (m)  
z  = vertical dispersion coefficient (m) 

H = effective stack height (m) 
y = crosswind distance (m) 
z = vertical distance (m) 
 
The effective release height used in Equation 3 considers the buoyant plume rise due to 
compounds being released above ambient temperatures.  For the proposed GLE Facility, any 
released uranium compounds are assumed to be at ambient temperatures and the effective 
stack height is assumed to be the height of the release point. 
 
Annual average meteorological data sets usually include frequencies for several wind-speed 
categories for each wind direction and Pasquill atmospheric stability category.  The CAP88-PC 
code uses reciprocal averaged wind speeds in the atmospheric dispersion equations that permit 
a single calculation for each wind speed category.  Equation 3 is applied to ground-level 
concentrations in the air at the plume centerline by setting y and z to zero, which results in: 
 

2

2
1exp

zzy

HQ
 (Eq. 4) 
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The average ground-level concentration in air over a sector of 22.5° can be approximated by:  
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 (Eq. 5) 

 
which can be reduced further to:  
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  15871.0 zz
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H

x

Q
 (Eq. 6) 

 
The CAP88-PC code considers both dry and wet deposition as well as radioactive decay.  
Plume depletion is accounted for by substituting a reduced release rate Q’ for the original 
release rate for each downwind distance x (Slade, 1968).  The ratio of the reduced release rate 
to the original is the depletion fraction.  The overall depletion fraction used in CAP88-PC is the 
product of the depletion fractions for precipitation, dry deposition, and radioactive decay. 
 
Ground surface soil concentrations are calculated on an annual basis, with in-growth and decay 
of progeny radionuclides calculated using modified Bateman’s equations (Rosnick, 2007) for the 
entire decay chain.  Radionuclide concentrations in meat, milk, and vegetables are calculated 
using elemental transfer factors from Report 123 of the National Council on Radiation Protection 
and Measurements (NCRP, 1996).  The concentration in soil for each isotope is multiplied by 
the appropriate elemental transfer factor to generate a concentration in each of the ingestion 
pathway media for that isotope in that sector. 
 
C.2.6 Dose Assessment Methodology for External Dose from Cylinder Storage Yard 

 
For estimating the external dose from the cylinder storage yard, the RESRAD-BUILD code 
Version 3.5 (Yu et al., 2003) was used.  RESRAD-BUILD is a pathway analysis model 
developed to evaluate the potential radiation dose incurred by an individual who works or lives 
in a building contaminated with radioactive material.  The code includes seven exposure 
pathways: 
 
• external exposure directly from the source 
 
• external exposure to the material deposited on the floor 
 
• external exposure due to air submersion 
 
• inhalation of airborne radioactive particulates 
 
• inhalation of aerosol indoor radon progeny  
 
• inadvertent ingestion of radioactive material directly from the sources 
 
• inadvertent ingestion of materials deposited on the surfaces  
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For estimating the dose from the cylinder storage yard, a preconstruction and construction 
worker working outside is assumed to have been exposed directly to a large uniformly 
contaminated line source.  Since the receptor is outside, only the dose from the direct external 
pathway was calculated. 
 
The yearly average external dose at any time t from a contaminated line source is calculated as: 
 

 A
)E(

dt( B EY tCFED = (t)D L

njen

air 

aanjnj

j

nin ))(24 '    (Eq. 7) 

 
AL is given as: 
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where 
 
24 = time conversion factor (hours/day) 
ED = exposure duration (day) 

a  = attenuation coefficient in air (cm 1) 
B = buildup factor 
Fi  = fraction of time spent near the source 

)(tCn  = average line source concentration of radionuclide n at time t (pCi/m) 
ynj = yield for gamma j from radionuclide n 
Enj = energy for gamma j from radionuclide n (MeV) 
d = unit dose rate per energy absorption 

c  = attenuation coefficient in shielding material (cm 1) 
)E( njen

air

 = mass energy absorption coefficient in air (cm2/g) 

ta = perpendicular distance to receptor 
at  = distance from the receptor to the midpoint of the line source 

 
A detailed discussion on calculating the external dose from line sources is provided in the 
RESRAD-BUILD user’s manual (Yu et al., 2003). 
 
C.2.7 Liquid Effluent Dose Assessment Methodology 

 
For calculating doses to the public from liquid effluent releases, the GENII code Version 2.06 
(Napier, 2007; Napier et al., 2007) was used.  The code has been developed by Pacific 
Northwest National Laboratory for the U.S. Environmental Protection Agency (EPA) for 
calculating dose and risk from radionuclide releases in the environment.  GENII Version 2 
incorporates internal dosimetry models recommended by the ICRP, and the related risk factors 
published in FGR-13 (EPA, 1999).  The GENII code includes a set of programs for calculating 
radiation dose and risk from radionuclides released to the environment.  GENII implements the 
U.S. Nuclear Regulatory Commission (NRC) models in the LADTAP computer code for surface 
water doses.  The Northeast Cape Fear River would receive the liquid effluent discharges from 
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the proposed GLE Facility.  There are no public water intakes on the river downstream of the 
discharge point, so only the fish ingestion and recreational water use-related exposure 
pathways were analyzed (GLE, 2009b).   
 
The GENII code calculates the average media concentration at the exposure location, the 
pathway-specific intake parameter, and the pathway dose.  The following equations for dose 
estimations from different applicable pathways used in this analysis are taken directly from the 
GENII code (Napier, 2007; Napier et al., 2007). 
 
C.2.7.1 Swimming Exposure 

 
The evaluation of the recreational swimming immersion intake parameter is performed as 
follows: 
 

swrgwrgwriwrig TCTEFETCTI )()(  (Eq. 9) 
 
where 
 
Iwrig(T)  = average exposure factor over time period T for radionuclide i from swimming at 

recreational swimming location r for individuals in age group g (Bq/L)  
Cwri(T)  = average water concentration over time period T for radionuclide i in surface water at 

the recreational swimming location r (Bq/L)  
FEwrg  = frequency of swimming events at recreational swimming location r for individuals in 

age group g (events/day)  
TEwrg  = duration of an average swimming event at recreational swimming location r for 

individuals in age group g (hours/event)  
Twrg  = annual exposure factor for swimming at recreational swimming location r for 

individuals in age group g (days) 
TCs  = time correction set equal to Twrg/8760 hours/year 
 
For this pathway, the daily exposure factor may be represented as the product of the event 
frequency, FEwrg, and the event duration, TEwrg. 
 
The effective dose from external exposure to swimming in contaminated water is calculated in 
the GENII code as follows (Napier, 2007; Napier et al., 2007): 
 

71015.3)()( wiawwrigwrig TEETITIE  (Eq. 10) 
 
where  
 
IEwrig(T)  = effective dose from external exposure to radionuclide i in contaminated water at 

recreational water usage location r for an individual in age group g (Sv)  
Eiaw  = effective dose equivalent factor for external exposure from water immersion (w) for 

radionuclide i for an adult (Sv-L per Bq-s)  
TEw  = time of exposure (year) 
3.15  107 = units correction (seconds/year)  
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C.2.7.2 Boating Exposure 

 
The evaluation of the recreational boating exposure intake parameter is performed as follows: 
 

bbrgbrgbribrig TCTEFESBTCTI )()(  (Eq. 11) 
 
where  
 
Ibrig(T)  = average exposure factor over the period T for radionuclide i from boating at 

recreational boating location r for individuals in age group g (Bq/L)  
Cbri(T) = average water concentration of radionuclide i at recreational boating location r 

(Bq/L)  
SB  = shielding factor for boating exposures (dimensionless)  
FEbrg  = average frequency of daily boating events at recreational boating location r for 

individuals in age group g (events/day)  
TEbrg  = duration of an average boating event at recreational boating location r for 

individuals in age group g (hours/event)  
TCb  = time correction set equal to Tbrg/8760 hours/year 
Tbrg  = annual exposure factor for boating at recreational boating location r for individuals 

in age group g (days)  
 
For this pathway the daily exposure factor may be represented as the product of the event 
frequency, FEbrg, and the event duration, TEbrg. 
 
The effective dose from external exposure to boating in contaminated water is calculated in the 
GENII code as follows (Napier, 2007; Napier et al., 2007): 
 

2/1015.3)()( 7
biawbrigbrig TEETITIE  (Eq. 12) 

 
where  
 
IEbrig(T)  = effective dose from external exposure to radionuclide i from boating in 

contaminated water at recreational water usage location r for an individual in age 
group g (Sv)  

Eiaw  = effective dose equivalent factor for external exposure from water immersion (w) for 
radionuclide i for an adult (Sv-L per Bq-s)  

TEb  = time of exposure (year)  
2  = factor to account for being at the water surface rather than immersed 

(dimensionless)  
3.15  107 = units correction (s/yr)  
 
C.2.7.3 External Exposure to Shoreline Sediment 

 
The sediment concentration at the end of a year is calculated in the GENII code as follows 
(Napier, 2007; Napier et al., 2007): 
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where  
 
Csri(Tyr)  = concentration of radionuclide i in sediment after one year of accumulation, from 

deposition on the shoreline at recreational water usage location r (Bq/m2)  
TC  = transfer rate constant from water to sediment (L/m2/yr)  
Cri(Tyr)  = average (constant) annual water concentration for radionuclide i at recreational water 

usage location r (Bq/L) 
Tyr  = one year integrating period for deposition to sediments (year) 
λi  = radiological decay constant for radionuclide i (year–1)  
 
The external exposure parameter is evaluated by determination of the average sediment 
concentration during a year, as follows: 
 

yrT

sedsedyr

sri
yrsri

dT

dttC
TC

0

)()(  (Eq. 14) 

 
where  
 
Csri(Tyr)  = shoreline sediment time integral of exposure for radionuclide i evaluated at the 

recreational usage location r (Bq/kg) 
Csri(t)  = sediment concentration for radionuclide i at recreational water usage location r 

(Bq/m2) at any time t 
dsed  = thickness of shoreline sediments (m)  
ρsed  = density of shoreline sediments (kg/m3)  
Tyr  = one year exposure period (year)  
 
The evaluation of the recreational shoreline exposure intake parameter is performed as follows: 
 

8760/)()( srgsrgsrgrsrisrig TTEFESWTCTI  (Eq. 15) 
 
where  
 
Isrig(T)  = average exposure factor over the period T for radionuclide i from shoreline exposure 

at recreational shoreline location r for individuals in age group g (Bq/kg)  
Csri(T)  = average shoreline sediment concentration of radionuclide i at recreational shoreline 

location r (Bq/kg)  
SWr  = shoreline width factor for the recreational shoreline location r (dimensionless)  
FEsrg  = shoreline use event frequency at recreational shoreline location r for individuals in 

age group g (events/day)  
TEsrg = duration of each shoreline exposure event at recreational shoreline location r for 

individuals in age group g (hours/event)  
Tsrg  = annual exposure factor for shoreline exposure at recreational shoreline location r for 

individuals in age group g (days)   
8760  = unit correction (hours/year)   
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For this pathway, the daily exposure factor may be represented as the product of the event 
frequency, FEsrg, and the event duration, TEsrg. 
 
The effective dose from external exposure to shoreline sediment is calculated in the GENII code 
as follows (Napier, 2007; Napier et al., 2007): 
 

sssiagsrigsrig dTEECTITIE 71015.3)()(  (Eq. 16) 
 
where  
 
IEsrig(T)  = effective dose from external exposure to radionuclide i in shoreline sediment at 

recreational water usage location r for an individual in age group g (Sv)  
ECiag  = effective dose equivalent factor for external exposure from contaminated soil (g) 

for radionuclide i for an adult (Sv-m2 per Bq-s)  
TEs  = time of exposure, Tyr (years)  
ρs  = surface soil bulk density (kg/m3)  
ds  = thickness of surface soil layer (m)  
3.15  107 = units correction (seconds/year)  
 
C.2.7.4 Water Ingestion Pathway 

 
The water concentration at the point of consumption is evaluated as follows: 
 

31074.2)()( wi Th
iyrwiyrdwi eTFTCTC  (Eq. 17) 

 
where  
 
Cdwi(Tyr) = concentration of radionuclide i in water at water usage location w at the time of 

consumption (Bq/L) 
Cwi(Tyr) = average concentration of radionuclide i in water for usage location w at the time it 

reaches the water intake plant (Bq/L)  
TFi  = water treatment purification factor giving the fraction of radionuclide i remaining in 

the water after treatment (dimensionless)  
λi  = radiological decay constant for radionuclide i (year–1)  
Thw  = holdup time between the water intake plant and the water point of water use 

(days)  
2.74  10 3 = units conversion factor (years/day)  
 
Evaluation of the drinking water intake parameter is performed as follows: 
 

dwgwdwgdwdwidwig EDTCTUTCTI )()(  (Eq. 18) 
 
where 
 
Idwig(T)  = total intake of radionuclide i from drinking water ingestion over the period T at water 

usage location w for individuals in age group g (Bq)  
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Cdwi(T)  = average concentration of radionuclide i in drinking water at water usage location 
w (Bq/L)  

Udw  = drinking water ingestion rate (L/day)  
Tdwg  = annual intake factor giving days per year that water is consumed (days/year)  
TCw  = time correction equal to EDdwg 
EDdwg  = exposure duration for the drinking water pathway at usage location w for individuals in 

age group g (years)  
 
The effective dose from ingestion of drinking water is calculated in the GENII code as follows 
(Napier, 2007; Napier et al., 2007): 
 

igocdwigdwig ECTITIE )()(  (Eq. 19) 
 
where  
 
IEdwig(T)  = effective dose from ingestion intake of radionuclide i in drinking water at water 

usage location w for an individual in age group g for exposure over time period T 
(Sv) 

ECigoc  = effective dose coefficient for ingestion intake of radionuclide i of class c for an 
individual in age group g (Sv/Bq)  

 
C.2.7.5 Fish Ingestion Pathway  

 
Aquatic food products may become contaminated when grown in contaminated surface waters. 
The concentration in an aquatic food is based on the average surface water concentration for 
the current year, as follows: 
 

qiyrwiyrhqi BTCTC )()(  (Eq. 20) 
 
where  
 
Chqi(Tyr) = concentration of radionuclide i in aquatic food type q at time of harvest (Bq/kg)  
Cwi(Tyr) = average concentration of radionuclide i at water location w (Bq/L) 
Bqi  = bioaccumulation factor for radionuclide i in the edible portions of aquatic food type 

q (Bq/kg wet fish per Bq/L water) 
 
The concentration at the start of the consumption period is evaluated accounting for decay 
during holdup as follows: 
 

31074.2)()( qi Th

yrhqiyrfwi eTCTC  (Eq. 21) 
 
where  
 
Cfwi(Tyr) = concentration of radionuclide i in aquatic food type q at water location w at the 

time of consumption (Bq/kg wet weight) 
Thq  = holdup delay time between harvest and consumption for aquatic food type q 

(days) 
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λi  = radiological decay constant for radionuclide i (year–1) 
2.74  10 3 = units conversion factor (years/day) 
 
The evaluation of the aquatic food intake parameter is performed as follows: 
 

fwgfwgfwgfwifwig EDTUTCTI )()(  (Eq. 22) 
 
where  
 
Ifwig(T)  = total intake of radionuclide i from ingestion of aquatic food f over the period T at 

aquatic food location w for individuals in age group g (Bq) 
Cfwi(T)  = average concentration in aquatic food f at aquatic food location w for radionuclide 

i (Bq/kg) 
Ufwg  = ingestion rate of aquatic food f at aquatic food location w by an individual in age 

group g (kg/day) 
Tfwg  = annual intake factor giving the days per year that aquatic food f is eaten at aquatic 

food location w by individuals in age group g (days/year) 
EDfwg  = exposure duration for consumption of aquatic food f at aquatic food location w for 

individuals in age group g (years) 
 
The effective dose from ingestion of aquatic foods is calculated in the GENII code as follows 
(Napier, 2007; Napier et al., 2007): 
 

igocwfigfwig ECTITIE )()(  (Eq. 23) 
 
where  
 
IEfwig(T) = effective dose from ingestion intake of radionuclide i in aquatic food f at water usage 

location w for an individual in age group g for exposure over time period T (Sv) 
ECigoc  = effective dose coefficient for ingestion intake of radionuclide i of class c for an 

individual in age group g (Sv/Bq) 
 
In this analysis, effective dose for the adult member of the public is calculated.  
 
C.3 Impact Assessment Input 

 
The data and results of the radiological impacts are provided below for the following groups: 
 
• preconstruction and construction workers  
 
• nearest resident 
 
• persons residing adjacent to the site boundary 
 
• persons that use the Northeast Cape Fear River near the Wilmington Site for fishing or other 

recreational activities  
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Inputs required are for the RESRAD code to evaluate the dose from existing soil contamination, 
for the CAP88-PC code to model the air effluent releases from operations of the existing FMO 
Facility and the proposed GLE Facility, for the RESRAD-BUILD code to model the dose from 
the uranium hexafluoride (UF6) cylinder storage pads, and for the GENII code to model doses 
from the liquid effluent releases. 
 
C.3.1 RESRAD Inputs 

 
To estimate the external and inhalation pathway doses using the RESRAD code, it was 
assumed that a 1-hectare (2.5-acre) area of soil was contaminated to a depth of 15 centimeters 
(6 inches) and that preconstruction and construction workers would spend 2000 hours in 1 year 
onsite.  The inhalation rate of the construction worker was assumed to be 1.4 cubic meters 
per hour (1.8 cubic yards per hour), which is characteristic for a worker (EPA, 1997).  The mass 
loading for respirable particulates due to construction activity was assumed to be 1  10–4 grams 
per cubic meter (1.7  10–7 pounds per cubic yard), and the most restrictive lung clearance class 
was used for inhalation dose conversion factors.  Table C-1 lists the radionuclide-specific 
parameters used in the radiological impact assessment.  The rest of the parameters were 
RESRAD default values. 
 
C.3.2  CAP-88 Code Inputs 

 
This section provides the parameters used in dose estimations for preconstruction and 
construction workers and for the hypothetical receptor at the site boundary and the nearest 
resident.  Parameters provided include Wilmington Site characteristics, emission characteristics 
of the existing FMO facility and proposed GLE Facility, receptor time fractions and locations, 
agricultural input parameters, and radionuclide-specific inputs.  For chemical toxicity 
calculations from HF emissions, it was assumed that the concentration at the GLE stack is 
7.8 micrograms per cubic meter (1.3  10–8 pounds per cubic yard) (see Section 4.2.11.2).  The 
dimension of the stack diameter and exit velocity were used to calculate the HF release rate. 
 
C.3.2.1  FMO and GLE Stack Characteristics and Releases  

 
Table C-2 includes the stack and vent characteristics, site-specific parameters, and annual 
release rates assumed in dose modeling (GLE, 2008).  For FMO operations, actual air effluent 
releases for 2007 were used (GLE, 2009a).  There are multiple release points for FMO 
operations, the heights of the release points are all different, and the CAP88-PC code does not 
account for building wake effects.  Therefore, releases were assumed to occur at ground level, 
resulting in larger air concentrations of radionuclides for receptors near the source than for 
elevated releases.  The GLE stack could be higher (21–27 meters [69–89 feet]) (GLE, 2009a), 
but the lower value (GLE, 2008) was used because it is conservative.  For conservatism, the 
same quantity of uranium release from the GLE stack was assumed to be released during the 
combined construction and operational phase in order to estimate the maximum dose potential 
construction workers would incur. 
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Table C-1  Radionuclide-Specific Parameters Used in the RESRAD Code 

for Radiological Impact Assessment 

 Radionuclide 

Parameter Name Uranium-234 Uranium-235 Uranium-236 Uranium-238 

Lung clearance class 
 

S S S S 

Inhalation dose conversion factor 
(mrem/pCi)a,b 

3.48  10–2 3.15  10–2 3.22  10–2 2.96  10–2 

External dose conversion factor 
(mrem/yr per pCi/g)a,b 

3.44  10–4 6.60  10–1 1.78  10–4 7.96  10–5 

Soil concentration (pCi/g)b,c 3.21 1.25  10–1 1.40  10–3 4.57  10–1 

a The latest dose factors based on ICRP 60 methodology (ICRP, 1991) and ICRP 72 (ICRP, 1996) were used. 
b To convert mrem to mSv, divide by 100.  To convert pCi to Bq, multiply by 0.037. 
c Soil concentration is calculated from the site environmental reports (GNF-A, 2007) and environmental 
assessment for the license renewal for the GNF-A (NRC, 2009). 

 
Table C-2  FMO and GLE Emissions and Site Characteristics Used in Modeling 

Input Parameter FMO GLE 

Stack diameter (m)a NR 1.2 

Stack release height (m)b NR 15.24 

Velocity (m/s) NR 12.3 

Source area (m2)a 2500  

Temperature Ambient Ambient 

Uranium-234 emission rate  1.86  10–5 (Ci/yr)a 1.25  10–13 (Ci/s)c 

Uranium-235 emission rate  7.27  10–7 (Ci/yr) 4.88  10–15 (Ci/s)c 

Uranium-236 emission rate  8.20  10–9 (Ci/yr) 5.49  10–17 (Ci/s)c 

Uranium-238 emission rate  2.65  10–6 (Ci/yr) 1.77  10–14 (Ci/s)c 

Ambient temperature ( C) 17.7 17.7 

Annual precipitation (cm)d 144.96 144.96 
a To convert m to ft, multiply by 3.28.  To convert m2 to ft2, multiply by 10.76.  To convert Ci to Bq, multiply 
by 3.7  1010. 
b Stack could be higher (21–27 m) (GLE, 2009a), but the lower value (GLE, 2008) was used because it is 
conservative. 
c Emission rates are converted to Ci/yr by multiplying 3.15  107 seconds per year conversion factor for input 
in the CAP88-PC code. 
d 100 cm = 1 m. 
Sources:  GLE, 2008, 2009a. 
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C.3.2.2  Exposure Time Fractions and Receptor Locations 

 
The CAP88-PC code assumes that the individual spends an entire year at the locations 
provided.  The assumption that the individual spends 8760 hours at the job site is overly 
conservative when it comes to evaluating the construction worker dose, since on average, a 
worker is assumed to spend approximately 2000 hours per year at a job site.  In order to 
account for this limitation, construction worker doses were scaled down by a factor of 4.38 
(24  365.25/2000).  The preconstruction and construction workers would be located, on 
average, a distance no less than 250 meters (820 feet) from the stack release points.  The 
construction workers would be closest to the FMO stack releases during the construction of the 
access road (average distance greater than 250 meters [820 feet]) (Figure 2-2), for a period of 
about one month.  For GLE stack releases, construction workers would be beyond the 
controlled area fence (average distance greater than 250 meters [820 feet] from the GLE stack 
release) (Figure 6-1).  For the purposes of analyses, these workers were conservatively 
assumed to be at 250 meters (820 feet) from the release point. 
 
The hypothetical site boundary receptor was chosen so that a person would receive the 
maximum dose and this individual could be considered a maximally exposed individual.  The 
dose was modeled in 16 compass directions at the site boundary.  The dose was also 
calculated for the nearest resident from the proposed GLE Facility stack.  A hypothetical 
receptor and a resident are assumed to be at that location for an entire year.  Table C-3 
provides a listing of the locations used to estimate the radiological impacts to the nearest 
resident and the hypothetical receptor at the site boundary from operation of the proposed 
GLE Facility. 
 
C.3.2.3  Agricultural Productivity 

 
The ingestion of vegetables, meat and milk was considered in the radiological impact 
assessment for the hypothetical receptor and for the nearest resident.  The EPA rural food 
source scenario option within CAP88-PC was selected in the assessment for the hypothetical 
receptor and the nearest resident.  For preconstruction and construction workers the EPA 
regional food source option within CAP88-PC was used.  Preconstruction and construction 
workers are not expected to consume any food grown onsite.  On the basis of regional food 
production, estimates were derived for the beef cattle density, milk cattle density, and land 
fraction cultivated by vegetables.  Table C-4 provides a listing of the agricultural parameters 
used in CAP88-PC for the radiological impact assessment. 
 
C.3.2.4  Radionuclide-Specific Input 

 
The radiological impacts were estimated using the CAP88-PC Version 3.0 computer code.  This 
code uses newer dose conversion factors based on the ICRP 60 methodology (ICRP, 1991).  
The most restrictive “slow” lung clearance classes were assigned to each uranium isotope. 
 
Radionuclide transfer factors were used to model the uptake of radionuclides by plants and 
animals.  The transfer factors are element-dependent rather than radionuclide-dependent.  The 
default values for uranium found in CAP88-PC were used for the radiological impact 
assessment.  A listing of the elemental and radionuclide-specific factors used for all radiological 
impact modeling is provided in Table C-5. 
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Table C-3  Receptor Location for Radiation 

Dose and Chemical Toxicity Estimation 

from GLE Stack Releases 

Location Direction Distance 
(meters) 

Site boundary North 3.99  102 

Site boundary North-northwest 5.73  102 

Site boundary Northwest 9.24  102 

Site boundary West-northwest 1.49  103 

Site boundary West 1.72  103 

Site boundary West-southwest 2.30  103 

Site boundary Southwest 1.81  103 

Site boundary South-southwest 1.89  103 

Site boundary South 1.42  103 

Site boundary South-southeast 1.71  103 

Site boundary Southeast 2.66  103 

Site boundary East-southeast 1.27  103 

Site boundary East 6.71  102 

Site boundary East-northeast 4.27  102 

Site boundary Northeast 3.53  102 

Site boundary North-northeast 3.46  102 

Nearest resident East-southeast 1.35  103 
 

Table C-4  Agricultural Input Parameters Used in the Radiological 

Impact Assessment 

Parameter Vegetable Meat Milk Scenario 

Fraction from assessed area 1.0 1.0 1.0 Preconstruction and 
construction worker 

Fraction home produced 0.0 0.0 0.0 Preconstruction and 
construction worker 

Fraction from assessed area 0.7 0.44 0.4 Hypothetical receptor 
and nearest resident 

Fraction home produced 0.3 0.56 0.6 Hypothetical receptor 
and nearest resident 

Cattle density (number/km2) NAa 0.102 0.0126 All scenarios 

Land fraction cultivated for 
vegetables 

0.00632 NA NA All scenarios 

a NA = not applicable. 
Source:  Rosnick, 2007. 
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Table C-5  Radionuclide-Specific Inputs Used in the Radiological Impact Assessment 

 Radionuclide Element 
Uranium Parameter Name Uranium-234 Uranium-235 Uranium-236 Uranium-238 

Lung clearance class S S S S NAa 

Inhalation dose conversion 
factor (mrem/pCi)b 

3.48  10–2 3.14  10–2 3.23  10–2 2.97  10–2 NA 

Ingestion dose conversion factor 
(mrem/pCi)  

1.83  10–4 1.73  10–4 1.73  10–4 1.65  10–4 NA 

Immersion dose conversion 
factor (mrem cm3/μCi-yr)b,c 

7.14  105 7.55  108 4.51  105 2.92  105 NA 

Ground surface dose conversion 
factor (mrem cm2/μCi-yr)  

6.83  102 1.63  105 5.86  102 4.94  102 NA 

Deposition velocity (m/s)b 1.8  10–3 1.8  10–3 1.8  10–3 1.8  10–3 NA 

Particle size (μm)d 1 1 1 1  

Milk transfer factor  NA NA NA NA 4  10–4 

Meat transfer factor  NA NA NA NA 8  10–4 

Forage uptake factor (pCi/kg dry 
forage/pCi/kg dry soil)b 

NA NA NA NA 0.1 

Edible update factor (pCi/kg wet 
weight per pCi/kg dry soil)  

NA NA NA NA 0.002 

a NA = not applicable. 
b To convert mrem to mSv, divide by 100.  To convert pCi to Bq, multiply by 0.037.  To convert μCi to Bq, multiply by 3.7  104.  
To convert m to ft, multiply by 3.28.  To convert kg to lb, multiply by 2.2. 
c 100 cm = 1 m. 
d 106 μm = 1 m. 
Source:  Rosnick, 2007. 

 
C.3.3 RESRAD-BUILD Code Inputs 

 
For estimating the external dose from the cylinder storage yard, RESRAD-BUILD code 
Version 3.5 (Yu et al., 2003) was used.  Preconstruction and construction workers initially would 
only be exposed to the dose from the stored cylinders from the existing FMO facility and during 
the overlap period would be additionally exposed to the dose from the cylinders stored at the 
proposed GLE Facility.  Natural uranium cylinders, natural uranium heel cylinders, tails 
cylinders, tails heel cylinders, and product cylinders are typically stored at a uranium enrichment 
site.  The external dose depends on the number and type of cylinders stored, shielding, and the 
distance to the receptor.  The dose does not depend on the facility that generated the cylinders.  
Typically, more tails cylinders are present compared to other types of cylinders. 
 
Following are the inputs used in the code: 
 
• source location, x = 0, y = 0, z = 0 
 
• source direction, x 
 
• source length, 300 m (984 ft) (estimated from the tails pad length)  
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• receptor location, x = 0, z = 1, y = 100 m (328 ft) (this parameter was varied depending on 
the distance of the receptor from the source) 

 
• source shielding thickness = 1.59 c, shielding density = 7.8 g/cm3, material = iron, and time 

onsite = 2000 hours  
 
• The shielding thickness was estimated from actual Type 48Y cylinders.  The line source 

concentration was estimated from actual uranium concentration in the cylinders.  
 
C.3.4 GENII Code Inputs 

 
The radionuclide concentration in the surface water was calculated at three potential exposure 
locations from the uranium concentrations in the liquid effluent releases from the proposed GLE 
Facility and the dilution factor in the receiving water body (GLE, 2009b).  Table C-6 shows the 
estimated radionuclide concentrations in the surface water at three exposure locations.  
Table C-7 lists the estimated number of people involved in recreational activities, which was 
estimated based on regional recreational activity data (GLE, 2009b).  It is expected that the 
same number of people would be involved at all three exposure locations.  Table C-8 lists the 
radionuclide-specific parameters used in the GENII code for radiological impact assessment.  
 
Dose conversion factors (DCFs) based on ICRP 60 methodology (ICRP, 1991) were used to 
estimate effective dose.  Table C-9 lists other exposure parameters used in estimating the 
doses from different exposure pathways.  Since the surface water concentrations were known, 
the surface water dissolved module in GENII code (WCF) was used in estimating the public 
dose. 
 
C.4  Results of the Radiological and Chemical Impact Analyses 
 
This section provides the results of the radiological impact analyses.  Radiological impacts were 
estimated for the following: 
 
• GLE Facility preconstruction and construction workers  
 
• nearest resident  
 
• hypothetical receptor at the site boundary  
 
• member of the public and population that uses northeast Cape Fear River for recreational 

activities 
 
• GLE Facility operational workers  
 
Table C-10 provides the estimated annual effective dose from the air emissions due to the 
proposed GLE Facility at different receptor locations.  The estimated annual effective dose for a 
preconstruction and construction worker from the air emissions associated with the existing 
FMO operation was 2.8  10–5 millisievert per year (2.8  10–3 millirem per year).  For calculating 
this dose, it was assumed that the worker was onsite for 2000 hours in one year. 
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Table C-6  Estimated Radionuclide Concentrations in Surface Water at Exposure Locations 

Exposure Location 
Radionuclide concentration (pCi/L)a 

Uranium-238 Uranium-235 Uranium-234 Thorium-234 Protactinium-234 Protactinium-234m Thorium-231 

Confluence with Unnamed 
Tributary #1 to Northeast 
Cape Fear River 

1.08  10−3 9.38  10−5 1.01  10−6 1.08  10−3 3.55  10−6 1.07  10−3 9.38  10−5 

Just South of GE 
Wilmington Site Boundary 

1.08  10−3 9.38  10−5 1.01  10−6 1.08  10−3 3.55  10−6 1.07  10−3 9.38  10−5 

NC 133 Bridge 1.04  10−3 9.06  10−5 9.76  10−7 1.04  10−3 3.43  10−6 1.04  10−3 9.06  10−5 
a To convert pCi to Bq, multiply by 0.037. 
Note:  Isotopic weight fractions used were:  uranium-234:  8.64  10−4; uranium-235:  8.02  10−2; and uranium-238:  9.19  10−1.  Short-lived progeny of uranium-238 
(thorium-234, protactinium-234, and protactinium-234m) and uranium-235 (thorium-231) are assumed to be in equilibrium with the parent radionuclide. 
Source:  GLE, 2009b. 
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Table C-7  Estimated Number of People Involved 

in Different Recreational Activitiesa 

Recreational Activity Number of People Involved 

Fish ingestion 1414 

Swimming 1906 

Boating 1244 

Shoreline 1231 
a Recreational survey data representative of the southeast 
United States were used to estimate the number of people 
involved in different recreational activities at each exposure 
location (GLE, 2009c).  People involved in swimming that would 
spend a significant amount of time in shoreline activities are 
assumed to be counted in shoreline activities.  Recreational 
activities such as sunbathing and fishing result in external 
exposure from sediment contamination while onshore.  The 
pathways considered during swimming were external exposure 
from water immersion and water ingestion.  The pathway 
considered during boating was water exposure at the surface. 
Source:  GLE, 2009c. 

 
Table C-11 shows modeled uranium and HF concentrations at various onsite and offsite 
locations after dispersion.  For calculating the total uranium concentrations, individual isotope 
concentrations were multiplied by the specific activities and added together. 
 
Table C-12 shows the estimated external doses at various distances from the cylinder storage 
pads, assuming that the receptor was at the location for 2000 hours in 1 year.  In actuality, 
construction workers would be at many different locations and distances from the cylinder 
storage pads.  Based on the locations of the FMO facility and the proposed GLE Facility, it is 
highly unlikely that the same construction workers would be close to the storage pads from both 
facilities when onsite.  Table C-12 demonstrates that the external dose decreases rapidly with 
distance, and it is expected that the dose would be even smaller at longer distances.  The 
construction workers would be closest to the existing FMO facility storage pads during 
construction of the access road (average distance greater than 250 meters [820 feet]) 
(Figure 2-2) for a period of about one month.  The entire perimeter of the storage pads 
constructed for the proposed GLE Facility would be fenced (GLE, 2008) and construction 
workers are assumed to be located beyond the controlled area boundary and would not spend 
significant time near them.  The construction workers would be at distances greater than 
250 meters from both FMO facility and GLE storage pads and the time spent near the storage 
pads would be much less than 2000 hours.  However, for conservatism, construction workers 
are assumed to be located at 250 meters (820 feet) from the cylinder storage pads for all 
2000 hours in 1 year in estimating the external dose from the existing site sources for GLE 
preconstruction and construction workers. 
 
The maximum dose that a member of a public would receive from liquid effluent releases from 
the proposed GLE Facility would occur just south of the Wilmington Site boundary.  Table C-13 
provides the estimated annual effective dose for an exposed member of the public from different 
surface water exposure pathways, along with the estimated annual effective population doses. 
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Table C-8  Radionuclide-Specific Parameters Used in the GENII Code for Radiological Impact Assessment 

Parameter Uranium-238 Uranium-235 Uranium-234 Thorium-234 Protactinium-234 Protactinium-234m Thorium-231 

Ingestion dose conversion 
factor (rem/pCi) 

1.65  10−7 1.73  10−7 1.83  10−7 1.26  10−8 1.94  10−9 0.00  100 1.24  10−9 

External exposure from 
contaminated soil dose 
conversion factor (Sv/s 
per Bq/m2) 

4.24  10−19 1.40  10−16 5.86  10−19 7.50  10−18 1.80  10−15 1.08  10−16 1.56  10−17 

External exposure from 
water immersion dose 
conversion factor 
(Sv/s per Bq/m3) 

7.79  10−14 1.90  10−10 1.85  10−13 8.75  10−12 2.52  10−9 2.64  10−11 1.35  10−11 

Fish bioaccumulation 
factor (Bq/kg wet fish 
per Bq/L water) 

1.00  101 1.00  101 1.00  101 1.00  102 1.00  102 1.00  101 1.00  102 

Source:  Napier, 2007; Napier et al., 2007. 
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Table C-9  Exposure Parameters for Different Activities 

Parameter Shoreline 
Use Boating Swimming Fish 

Ingestion 

Frequency, events/day 1 1 1 NA 

Duration of event, hours 2 2 2 NA 

Event days, days 50 50 50 NA 

Shielding factor NA 1 NA NA 

Ingestion of water while swimming, L/hour NA NA 0.021 NA 

Shoreline width factor 0.2 NA NA NA 

Shoreline sediment density, kg/m2 15 NA NA NA 

Transfer rate constant from water to 
sediment, L/m2/yr 25,400 NA NA NA 

Soil layer thickness, cm 35 NA NA NA 

Fish ingestion rate, g/day NA NA NA 44 

Fish consumption period, days NA NA NA 365 

Fish holdup time, days NA NA NA 1 
 
C.4.1  GLE Preconstruction and Construction Workers 

 
The maximum estimated dose for each of the exposure pathways was calculated for an annual 
exposure period.  These estimated doses are: 
 
• internal dose from inhalation of resuspended contaminated soil:  <6  10–5 mSv/yr  

(6  10–3 mrem/yr)  
 
• external dose from contaminated soil:  <3.2  10–4 mSv/yr (3.2  10–2 mrem/yr)  
 
• estimated dose from air emissions associated with FMO operations:  <2.8  10–5 mSv/yr 

(2.8  10–3 mrem/yr)  
 
• estimated dose from air emissions associated with proposed GLE operations:    

<3.2  10–7 mSv/yr (3.2  10–5 mrem/yr) (see Table C-10)  
 
• external dose from the existing site sources:  <1.05  10–1 mSv/yr (10.5 mrem/yr)  
 
The total maximum estimated dose before and after the start of GLE operations is  
<1.05  10–1 millisievert per year (10.5 millirem per year).  The maximum dose is dominated by 
the external dose received from existing sources. 
 
The maximum dose to construction workers of 1.05  10–1 millisievert (1.05 millirem) is a very 
small fraction of background radiation exposure in the United States, which averages 
approximately 3.11 millisievert per year (311 millirem per year) (see Section 3.11.1).  The  
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Table C-10  Annual Effective Dose from Proposed GLE Facility Stack 

Releases at Different Receptor Locations 

Location Direction Distance 
(meters)b 

Dose (millirem 
per year)c 

Site boundary North 399 8.5  10–5 

Site boundary North-northwest 573 6.2  10–5 

Site boundary Northwest 924 2.1  10–5 

Site boundary West-northwest 1493 4.7  10–6 

Site boundary West 1717 1.7  10–5 

Site boundary West-southwest 2302 1.4  10–5 

Site boundary Southwest 1806 2.3  10–5 

Site boundary South-southwest 1892 2.2  10–5 

Site boundary South 1416 3.9  10–5 

Site boundary South-southeast 1708 2.5  10–5 

Site boundary Southeast 2664 1.8  10–5 

Site boundary East-southeast 1270 1.5  10–5 

Site boundary East 671 4.9  10–5 

Site boundary East-northeast 427 8.3  10–5 

Site boundary Northeast 353 1.1  10–4 

Site boundary North-northeast 346 9.4  10–5 

Onsite construction workera South 250 3.2  10–5 

Nearest resident East-southeast 1352 1.4 10−5 
a Onsite construction worker in the south direction got the maximum dose.  For calculating the 
dose for the onsite construction worker, the worker was assumed to be onsite for 2000 hours 
in 1 year. 
b To convert m to ft, multiply by 3.28. 
c To convert mrem to mSv, divide by 100. 

 
estimated maximum annual dose applies to workers in both the preconstruction and 
construction phases. 
 
The total maximum possible dose to construction workers from all pathways is less than the 
10 CFR 20.1301(a)(1) limit of 1 millisievert per year (100 millirem per year) for members of the 
general public, even for estimates combining the most conservative analytical assumptions.  
This is a negligible dose, representing a lifetime excess cancer risk of less than 5  10–6 (less 
than 5 chances in 1,000,000 of contracting a fatal cancer) when using a risk coefficient of 
5  10–2 risk/sievert (5  10–4 risk/rem) (ICRP, 1991). 
 
A maximum HF concentration of 3.7  10–4 micrograms per cubic meter (4.5  10–7 parts per 
million) is estimated at the location of the onsite member of the public (e.g., construction  
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Table C-11  Predicted Airborne Concentrations of Uranium and HF from the Proposed 

GLE Facility Stack Releases at Different Receptor Locations 

Location Direction Distance 
Metersa 

Uranium-
234 

(pCi/m3)b 

Uranium-
235 

(pCi/m3)b 

Uranium-
236 

(pCi/m3)b 

Uranium-
238 

(pCi/m3)b 

Total 
Uranium 
(µg/m3)c 

HFd 
(μg/m3) 

Site boundary North 4.0  102 2.6  10−7 1.0  10−8 1.1  10−10 3.6  10−8 1.1  10−7 2.2  10−4 

Site Boundary North-
northwest 

5.7  102 1.2  10−7 4.6  10−9 5.1  10−11 1.7  10−8 5.2  10−8 1.0  10−4 

Site boundary Northwest 9.2  102 6.1  10−8 2.4  10−9 2.7  10−11 8.6  10−9 2.7  10−8 5.3  10−5 

Site boundary West-
northwest 

1.5  103 3.3  10−8 1.3  10−9 1.5  10−11 4.7  10−9 1.5  10−8 2.9  10−5 

Site boundary West 1.7  103 5.0  10−8 2.0  10−9 2.2  10−11 7.1  10−9 2.2  10−8 4.4  10−5 

Site boundary West-
southwest 

2.3  103 4.1  10−8 1.6  10−9 1.8  10−11 5.7  10−9 1.8  10−8 3.5  10−5 

Site boundary Southwest 1.8  103 6.7  10−8 2.6  10−9 2.9  10−11 9.5  10−9 3.0  10−8 5.8  10−5 

Site boundary South-
southwest 

1.9  103 6.6  10−8 2.6  10−9 2.9  10−11 9.4  10−9 2.9  10−8 5.7  10−5 

Site boundary South 1.4  103 1.2  10−7 4.5  10−9 5.1  10−11 1.6  10−8 5.1  10−8 1.0  10−4 

Site boundary South-
southeast 

1.7  103 4.2  10−8 1.7  10−9 1.9  10−11 6.0  10−9 1.9  10−8 3.7  10−5 

Site boundary Southeast 2.7  103 2.5  10−8 9.6  10−10 1.1  10−11 3.5  10−9 1.1  10−8 2.1  10−5 

Site boundary East-
southeast 

1.3  103 4.4  10−8 1.7  10−9 1.9  10−11 6.2  10−9 1.9  10−8 3.8  10−5 

Site boundary East 6.7  102 1.5  10−7 5.8  10−9 6.5  10−11 2.1  10−8 6.5  10−8 1.3  10−4 

Site boundary East-
northeast 

4.3  102 2.5  10−7 9.7  10−9 1.1  10−10 3.5  10−8 1.1  10−7 2.1  10−4 

Site boundary Northeast 3.5  102 3.4  10−7 1.3  10−8 1.5  10−10 4.8  10−8 1.5  10−7 3.0  10−4 

Site boundary North-
northeast 

3.5  102 2.8  10−7 1.1  10−8 1.2  10−10 4.0  10−8 1.2  10−7 2.4  10−4 

Onsite member 
of the public 

South 2.5  102 4.3  10−7 1.7  10−8 1.9  10−10 6.1  10−8 1.9  10−7 3.7  10−4 

Nearest 
resident 

East-
southeast 

1.4  103 4.2  10−8 1.6  10−9 1.8  10−11 5.9  10−9 1.8  10−8 3.6  10−5 

a To convert m to ft, multiply by 3.28. 
b To convert pCi to Bq, multiply by 0.037. 
c 106 μg = 1 g. 
d HF concentrations are based on dispersion of a release point concentration of 7.8 g/m3, or twice that estimated for the 
3-million-separative work unit (SWU) proposed National Enrichment Facility (NRC, 2005). 
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Table C-12  Estimated Doses from 

Cylinder Storage Pad 

Receptor Distance 
(m) 

External Dose 
(mrem/yr)a 

50 218 

100 83.5 

150 40.3 

200 19.8 

250 10.5 

500 0.721 

1000 7.67  10-3 
a To convert mrem to mSv, divide by 100. 

 
worker).  Uranium emissions would result in a maximum uranium concentration of 1.9  10–7 
micrograms per cubic meter at the location of the onsite construction worker (Table C-11).  Both 
the estimated HF and uranium concentrations at onsite exposure locations are orders of 
magnitude below safe levels established by the Occupational Safety and Health Administration 
(2.5 micrograms per cubic meter for HF [3.1 parts per million] and 50 micrograms per cubic 
meter for uranium, each averaged over 8 hours; see Section 3.11.2). 
 
C.4.2  Hypothetical Receptor at the Site Boundary and Nearest Resident 
 
Table C-11 shows the estimated dose to hypothetical receptors residing at the site boundary in 
each of the 16 directions modeled in CAP88-PC Version 3.0 computer code.  It also includes 
the dose to the nearest resident.  The maximum dose to a hypothetical receptor at the 
Wilmington Site boundary (0.35 kilometers [0.22 miles] in the northeast direction) due to 
operation of the proposed GLE Facility is estimated to be 1.1  10–6 millisievert per 
year (1.1  10–4 millirem per year).  The dose to the nearest resident located at 1.35 kilometers 
(0.84 miles) east-southeast of the proposed GLE Facility is estimated to be 1.4  10–7 
millisievert per year (1.4  10–5 millirem per year).  These estimated doses are well below the 
10 CFR 20.1301(a)(1) limit of 1 millisievert (100 millirem) per year for members of the public and 
the 40 CFR Part 61, Subpart H (NESHAPs) airborne dose limit of 0.1 millisievert (10 millirem) 
per year. 
 
The estimated uranium and HF levels at the site boundary and at the location of the nearest 
resident given in Table C-11 are lower than onsite levels.  HF concentrations at any exposure 
location, moreover, are far below the most stringent State or Federal ambient air quality 
standards for the general public (e.g., the State of Washington’s standard of 8.7 micrograms per 
cubic meter [0.011 parts per million]; see Section 3.11.2). 
 
C.4.3 Estimated Doses from Liquid Effluent Releases  

 
Table C-13 shows the estimated dose to a member of the public involved in recreational 
activities at three potential exposure locations, as calculated using the GENII Version 2.06  
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Table C-13  Estimated Doses for Liquid Effluent Releases from the Proposed 

GLE Facility 

Exposure Location Exposure Pathway 
Dose (mrem/yr)a 
to a Member of 

Public 

Number 
of People 
Exposed 

Collective Dose  
(person-

mrem/yr)a 

Confluence with 
Unnamed Tributary #1 
to Northeast Cape 
Fear River 

Fish ingestion 5.26  10−5 1414 7.44  10−2 

Water ingestion during 
swimming 

4.37  10−7 1906 8.33  10−4 

External exposure from 
swimming 

1.03  10−8 1906 1.96  10−5 

External exposure from 
boating 

5.15  10−9 1244 6.41  10−6 

External exposure from 
shoreline activities 

2.01  10−5 1231 2.47  10−2 

Total for a member of 
public 

7.32  10−5 NAb NAb 

Just South of GE 
Wilmington Site 
Boundary 

Fish ingestion 5.26  10−5 1414 7.44  10−2 

Water ingestion during 
swimming 

4.37  10−7 1906 8.33  10−4 

External exposure from 
swimming 

1.03  10−8 1906 1.96  10−5 

External exposure from 
boating 

5.15  10−9 1244 6.41  10−6 

External exposure from 
shoreline activities 

2.01  10−5 1231 2.47  10−2 

Total for a member of 
public  

7.32  10−5 NA NA 

NC 133 Bridge Fish ingestion 5.06  10−5 1414 7.15  10−2 

Water ingestion during 
swimming 

4.21  10−7 1906 8.02  10−4 

External exposure from 
swimming 

9.95  10−9 1906 1.90  10−5 

External exposure from 
boating 

4.98  10−9 1244 6.20  10−6 

External exposure from 
shoreline activities 

1.93  10−5 1231 2.38  10−2 

Total for a member of 
public 

7.03  10−5 NA NA 

  Total population dose NA NA 2.72  10−1 
a To convert mrem to mSv, divide by 100. 
b NA = not applicable. 
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computer code.  The maximum dose to a member of the public due to operation of the proposed 
GLE Facility is estimated to be 7.3  10–7 millisievert per year (7.3  10–5 millirem per year).   
 
The estimated doses for the liquid effluent releases from the proposed GLE Facility are well 
below the 10 CFR 20.1301(a)(1) limit of 1 millisievert (100 millirem) per year for members of the 
public.  The population dose is estimated to be 2.7  10–3 person-millisievert per year  
(2.7  10–1 person-millirem per year). 
 
C.4.4  Operational Worker Doses 

 
The existing nuclear and industrial safety program at the Wilmington Site would be expanded to 
include operations of the proposed GLE Facility.  The program would monitor the occupational 
workers at the proposed facility for internal exposure from intake of uranium as well as the dose 
from external exposure to radiation.  GLE would also apply an annual administrative limit of 
40 millisievert (4000 millirem), which is below the 10 CFR 20.1201(a)(1) total effective dose 
equivalent (TEDE) annual limit of 50 millisievert (5000 millirem) for occupational exposure. 
 
GNF-A has implemented a comprehensive exposure control program at the Wilmington Site to 
manage occupational radiation exposure and dose.  The program maintains exposures “As Low 
As Reasonably Achievable” (ALARA) through the use of radiation monitoring systems, 
personnel dosimetry, and mitigation systems to reduce environmental concentrations of 
uranium.  The average TEDE to workers from existing GNF-A operations at the Wilmington Site 
for 2003–2007 varied from 0.5 to 0.75 millisievert (50 to 75 millirem), and the maximum TEDE 
during the same period varied from 4.7 to 5.6 millisievert (470 to 560 millirem) (NRC, 2009). 
 
From operations of the proposed GLE Facility, the most significant contributor to occupational 
radiation exposure would be direct radiation from uranium hexafluoride (UF6).  It is expected that 
the average occupational doses at the proposed GLE Facility would be similar to occupational 
doses at existing fuel cycle facilities in the United States.  For such facilities, the most 
substantial sources of direct radiation would likely include full Type 48Y cylinders containing 
feed material or depleted UF6 and empty Type 48Y cylinders containing residual material 
(NRC, 2005).  Table C-14 presents occupational doses at fuel cycle facilities within the 
United States for 2003–2007 (Burrows and Hagemeyer, 2005; Burrows and Hagemeyer; 2006; 
Lewis et al., 2008). 
 
The occupational exposure analysis and the historical exposure data from the United States 
Enrichment Corporation facilities and the existing GNF-A operations at the Wilmington Site 
demonstrate that a properly administered radiation protection program at the proposed GLE 
Facility would maintain radiological occupational impacts below the regulatory limits of 
10 CFR 20.1201. 
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Table C-14  Annual CEDEa and TEDEb for Fuel Cycle Facilities within the United States for 2003–2007 

Year 
Number of 
Monitored 
Individuals 

Workers 
with 

Measured 
TEDE 

Collective 
TEDE 

(person-
rem)c,d 

Average 
Measured 

TEDE 
(rem) 

Workers 
with 

Measured 
DDE 

Collective 
DDE 

(person-
rem) 

Average 
Measured 
DDE (rem) 

Workers 
with 

Measured 
CEDE 

Collective 
CEDE 

(person-
rem) 

Average 
Measured 

CEDE 
(rem) 

2003 7738 3633 556 0.15 2815 258 0.09 2255 298 0.13 

2004 7562 3814 514 0.13 2933 258 0.09 2327 256 0.11 

2005 7699 3371 497 0.15 2385 238 0.10 2173 259 0.12 

2006 7417 3413 522 0.15 2475 283 0.11 2131 238 0.11 

2007 7536 3225 429 0.13 2254 230 0.10 1983 199 0.10 
a Committed effective dose equivalent = total radiation dose received from ingestion or inhalation of radioactive material. 
b Total effective dose equivalent = CEDE plus DDE (deep dose equivalent from external radiation). 
c 1 rem = 1000 mrem. 
d To convert rems to Sv, divide by 100. 
Sources:  Burrows and Hagemeyer, 2005; Burrows and Hagemeyer, 2006; Lewis, et al. 2008. 
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APPENDIX D 

TRANSPORTATION ANALYSIS METHODOLOGY, ASSUMPTIONS, AND IMPACTS 

 
D.1 Introduction 

 
This appendix provides the detailed methodology, input parameters and assumptions, and 
results for the transportation risk analysis performed in this Environmental Impact Statement 
(EIS) for the proposed General Electric (GE)-Hitachi Global Laser Enrichment (GLE) Facility 
near Wilmington, North Carolina.  The analysis evaluates transportation of:   
 
• natural uranium hexafluoride (UF6) (i.e., not enriched) feed to the GLE Facility 
 
• enriched UF6 product from the GLE Facility to a fuel fabrication facility 
 
• depleted UF6 to a conversion facility 
 
• return of empty feed cylinders with residual contamination 
 
• low-level radioactive waste (LLRW) for disposal 
 
All domestic shipments are anticipated to occur via heavy haul tractor-trailer combination trucks.  
A number of these shipments may have multiple origins or destinations.  UF6 feed may be 
obtained from a U.S. facility (Honeywell International, Metropolis, Illinois), a Canadian source 
(Cameco, Port Hope, Ontario, Canada) or overseas sources arriving at U.S. seaports 
(Portsmouth Marine Terminal [PMT], Portsmouth, Virginia; Dundalk Marine Terminal [DMT], 
Baltimore, Maryland).  UF6 product may be used at the Wilmington Site or sent to other fuel 
fabrication facilities in Columbia, South Carolina (Westinghouse Electric) and Richland, 
Washington (AREVA NP).  The depleted UF6 tails could be sent to facilities in either Paducah, 
Kentucky or Portsmouth, Ohio, both facilities currently under construction for conversion of 
depleted UF6 to uranium oxide for disposal.  In the case of the low-level radioactive waste 
(LLRW) generated at the proposed GLE Facility, only one destination would be planned, the 
EnergySolutions disposal facility in Clive, Utah.  Single shipment and annual impacts are 
evaluated for all potential shipment routes.  Annual impacts are assumed based on all 
shipments of one material type over the same route (e.g., all depleted UF6 tails going to 
Paducah, Kentucky or all going to Portsmouth, Ohio). 
 
D.2 Methodology 

 
D.2.1 Overview 

 
The transportation risk assessment considers human health risks from routine transport 
(normal, incident-free conditions) of hazardous materials and from potential accidents.  In both 
cases, risks associated with the nature of the cargo itself, or “cargo-related” impacts, and those 
related to the transportation vehicle (regardless of type of cargo), or “vehicle-related” impacts, 
are considered. 
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D.2.1.1 Routine Transportation Risk 

 
The radiological risk associated with routine transportation is cargo-related and results from the 
potential exposure to low levels of external radiation near a loaded shipment.  It is assumed that 
there are no cargo-related risks posed by incident-free transport of hazardous chemicals.  No 
direct chemical exposure to radioactive material will occur during routine transport because, as 
discussed in Section D.3.2, these materials will be in packages that are designed and 
maintained to ensure that they will contain and shield their contents during normal transport.  
Any leakage or unintended release would be considered under accident risks. 
 
Vehicle-related risks during routine transportation are caused by potential exposure to increased 
vehicular emissions.  These emissions include diesel exhaust, tire and brake particulate 
emissions, and fugitive dust raised from the roadbed by passing vehicles. 
 
D.2.1.2 Accident Transportation Risk 

 
The cargo-related radiological risk from transportation-related accidents lies in the potential 
release and dispersal of radioactive material into the environment during an accident and the 
subsequent exposure of the nearby population through multiple exposure pathways, such as 
exposure to contaminated soil, inhalation, or the ingestion of contaminated food.  Cargo-related 
hazardous chemical accident impacts to human health during transportation come from 
immediate inhalation exposure resulting from container failure and chemical release during an 
accident. 
 
Vehicle-related accident risks refer to the potential for transportation-related accidents that 
result in fatalities caused by physical trauma unrelated to the cargo. 
 
D.2.2 Routine Risk Assessment Methodology 

 
The RADTRAN 5 computer code (Neuhauser and Kanipe, 2003; Weiner et al., 2006) was used 
in the routine and accident cargo-related risk assessments to estimate the radiological impacts 
to collective populations.  RADTRAN 5 was developed by Sandia National Laboratories to 
calculate population risks associated with the transportation of radioactive materials by truck, 
rail, air, ship, or barge.  The code has been used extensively for transportation risk assessments 
since it was originally issued in the late 1970s as RADTRAN (RADTRAN 1) and has been 
reviewed and updated periodically.  RADTRAN 1 was originally developed to facilitate the 
calculations presented in NUREG-0170 (NRC, 1977). 
 
D.2.2.1 Collective Population Risk 

 
The radiological risk associated with routine transportation results from the potential exposure to 
low-level external radiation in the vicinity of loaded shipments.  Even under routine 
transportation, some radiological exposure could occur.  Because the radiological 
consequences (dose) would occur as a direct result of normal operations, the probability of 
routine consequences is taken to be 1 in the RADTRAN 5 code.  Therefore, the dose risk is 
equivalent to the estimated dose. 
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For routine transportation, the RADTRAN 5 computer code considers major groups of 
potentially exposed persons.  The RADTRAN 5 calculations of risk for routine highway 
transportation include exposures of the following population groups: 
 
• Persons along the Route (Off-Link Population).  Collective doses were calculated for all 

persons living or working within 0.8 kilometer (0.5 mile) of each side of a transportation 
route.  The total number of persons within the 1.6-kilometer (1-mile) corridor was calculated 
separately for each route considered in the assessment. 

 
• Persons Sharing the Route (On-Link Population).  Collective doses were calculated for 

persons in all vehicles sharing the transportation route.  This group includes persons 
traveling in the same or opposite directions as the shipment, as well as persons in vehicles 
passing the shipment. 

 
• Persons at Stops.  Collective doses were calculated for people who might be exposed while 

a shipment was stopped en route.  For truck transportation, these stops include those for 
refueling, food, and rest. 

 
• Crew Members.  Collective doses were calculated for truck transportation crew members 

involved in the actual shipment of material.  Workers involved in loading or unloading were 
not considered in the transportation analysis because they are considered to be facility 
workers. 

 
The doses calculated for the first three population groups were summed to yield the collective 
dose to the public; the dose calculated for the fourth group represents the collective dose to 
workers. 
 
The RADTRAN 5 calculations for routine dose generically compute the dose rate as a function 
of distance from a point source (Neuhauser and Kanipe, 2003).  Associated with the calculation 
of routine doses for each exposed population group are parameters such as the radiation field 
strength, the source-receptor distance, the duration of exposure, vehicular speed, stopping time, 
traffic density, and route characteristics (such as population density).  The RADTRAN manual 
contains derivations of the equations used and descriptions of these parameters 
(Neuhauser and Kanipe, 2003). 
 
D.2.2.2 Maximally Exposed Individual Risk 

 
In addition to the assessment of the routine collective population risk, the risk to a maximally 
exposed individual (MEI) was estimated.  In RADTRAN 5, the MEI is assumed to be located 
30 meters (100 feet) from the transport route as the radioactive shipment passes at a speed of 
24 kilometers per hour (15 miles per hour). 
 
D.2.2.3 Vehicle-Related Risk  

 
Vehicle-related health risks resulting from routine transportation are associated with the 
generation of air pollutants by transport vehicles during shipment and would be independent of 
the radioactive or chemical nature of the shipment.  The health endpoint assessed under routine 
transportation conditions was the excess latent mortality from inhalation of vehicular emissions.  
These emissions consist of particulate matter in the form of diesel engine exhaust, tire and 
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brake particulates, and fugitive dust raised from the roadway by the transport vehicle.  Risk 
factors for pollutant inhalation in terms of latent mortality have been used in this analysis.  
Vehicle-related risks from routine transportation were calculated for each shipment by 
multiplying the total distance traveled by the appropriate risk factor. 
 
D.2.3 Accident Assessment Methodology  

 
The risk analysis for potential accidents differs fundamentally from the risk analysis for routine 
transportation because occurrences of accidents are statistical in nature.  The accident risk 
assessment is treated probabilistically.  Accident risk is defined as the product of the accident 
consequence (dose or exposure) and the probability of the accident occurring.  In this respect, 
the analysis estimates the collective accident risk to populations by considering a spectrum of 
transportation-related accidents.  The spectrum of accidents was designed to encompass a 
range of possible accidents, including low-probability accidents that have high consequences, 
and high-probability accidents that have low consequences (such as “fender benders”).  For 
radiological risk, the results for collective accident risk can be directly compared with the results 
for routine collective risk because the latter results implicitly incorporate a probability of 
occurrence of 1 if the shipment takes place. 
 
D.2.3.1 Radiological Accident Risk Assessment  

 
The RADTRAN 5 calculation of collective accident risk uses models that quantify the range of 
potential accident severities and the responses of transported packages to accidents.  The 
spectrum of accident severity is divided into several categories, each of which is assigned a 
conditional probability of occurrence – that is, the probability that if an accident does occur, it will 
be of a particular severity.  Release fractions, defined as the fraction of the material in a 
package that could be released in an accident, are assigned to each accident severity category 
on the basis of the physical and chemical form of the material.  The model takes into account 
the mode of transportation and the type of packaging through selection of the appropriate 
accident probabilities and release fractions, respectively.  The accident rates, the definition of 
accident severity categories, and the release fractions used in this analysis are discussed 
further in Sections D.3 and D.4. 
 
For accidents involving the release of radioactive material, RADTRAN 5 assumes that the 
material is dispersed in the environment according to standard Gaussian diffusion models.  For 
the risk assessment, default data for atmospheric dispersion were used, representing an 
instantaneous ground-level release and a small-diameter source cloud (Neuhauser and Kanipe, 
2003).  The calculation of the collective population dose following the release and dispersal of 
radioactive material includes the following exposure pathways: 
 
• external exposure to the passing radioactive cloud 
 
• external exposure to contaminated ground 
 
• internal exposure from inhalation of airborne contaminants 
 
• internal exposure from the ingestion of contaminated food 
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For the ingestion pathway, the fraction of farmland in each state traversed was used as input to 
the RADTRAN code.  Doses of radiation from external exposure and the ingestion or inhalation 
of radionuclides were calculated by applying standard dose conversion factors (Eckerman and 
Ryman, 1993; ICRP, 1996). 
 
D.2.3.2 Chemical Accident Risk Assessment 

 
The risks from exposure to hazardous chemicals during transportation-related accidents, which 
for this assessment includes consideration of the formation of hydrogen fluoride (HF) from the 
reaction of UF6 with moisture in the air, can be either acute (result in immediate injury or fatality) 
or latent (result in cancer that would present itself after a latency period of several years).  
However, none of the chemicals that might be released in any of the transportation accidents 
involving UF6 are carcinogenic.  As a result, no excess chemically induced latent cancers would 
be expected from accidental chemical releases. 
 
The acute effects considered were assumed to exhibit a threshold nonlinear relationship with 
exposure; that is, some low level of exposure can be tolerated without inducing a health effect.  
To estimate risks, chemical-specific concentrations were developed for potential irreversible 
adverse effects.  All individuals exposed at these levels or higher following an accident were 
included in the transportation risk estimates. 
 
The primary exposure route of concern with respect to accidental release of hazardous 
chemicals would be inhalation.  Although direct exposure to hazardous chemicals via other 
pathways such as ingestion or absorption through the skin (dermal absorption) would also be 
possible, these routes would be expected to result in much lower exposure than the inhalation 
pathway doses for the uranium compounds.  The likelihood of acute effects would be much less 
for the ingestion and dermal pathways than for inhalation. 
 
The acute health endpoint – potential irreversible adverse effects – was considered for the 
assessment of cargo-related population impacts from transportation accidents.  However, 
chemical impacts would be negligible; past analyses of depleted UF6 shipments have shown 
that the estimates of irreversible adverse effects to be approximately 1 to 3 orders of magnitude 
lower than the estimates of public latent cancer fatalities from radiological accident exposure 
(DOE, 2004a; DOE, 2004b; NRC, 2005a).  In addition, no more than one percent of cases 
involving irreversible adverse effects due to exposure to HF or uranium compounds result in 
fatalities (Policastro, 1997).  Thus, no further analysis of chemical hazards posed by transport 
was conducted for this EIS as radiological accident impacts are shown to be SMALL and the 
relative chemical hazards would be less. 
 
D.2.3.3 Vehicle-Related Accident Risk Assessment  

 
The vehicle-related accident risk refers to the potential for transportation accidents that could 
result directly in fatalities not related to the nature of the cargo in the shipment.  This risk 
represents fatalities from physical trauma.  State-average rates for transportation fatalities are 
used in the assessment.  Vehicle-related accident risks are calculated by multiplying the total 
distance traveled by the rates for transportation fatalities.  In all cases, the vehicle-related 
accident risks are calculated on the basis of distances for round-trip shipment since the 
presence or absence of cargo would not be a factor in accident frequency. 
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D.3 Input Parameters and Assumptions  

 
The principal input parameters and assumptions used in the transportation risk assessment are 
discussed in this section.  Where appropriate, applicable government regulations are 
referenced.  Transportation of hazardous chemical and radioactive materials is governed by 
U.S. Department of Transportation (DOT), U.S. Nuclear Regulatory Commission (NRC), and 
U.S. Environmental Protection Agency (EPA) regulations, and by the Hazardous Materials 
Transportation Act (HMTA) (49 U.S.C. 5101 et seq.).  These regulations may be found in the 
U.S. Code of Federal Regulations (CFR) at 49 CFR Parts 171 178 and 383 397, 10 CFR 
Part 71, and 40 CFR Parts 262 and 265, respectively.  State agencies are also involved in 
regulating such transport within their borders.  All transportation-related activities must be in 
accordance with applicable regulations of these agencies.  However, the DOT and NRC have 
primary regulatory responsibility for shipment of radioactive materials.  Those regulations most 
pertinent to this risk assessment can be found in 49 CFR Part 173, 49 CFR Part 397, and 
10 CFR Part 71. 
 
D.3.1 Route Characteristics 

 
The transportation route selected for a shipment determines the total potentially exposed 
population and the expected frequency of transportation-related accidents.  For truck 
transportation, the route characteristics most important to the risk assessment include the total 
shipping distance between each origin and destination and the population density along the 
route. 
 
D.3.1.1 Route Selection 

 
The DOT routing regulations concerning radioactive materials on public highways are 
prescribed in 49 CFR 397.101.  The objectives of the regulations are to reduce the impacts of 
transporting radioactive materials, to establish consistent and uniform requirements for route 
selection, and to identify the role of state and local governments in routing radioactive materials.  
The regulations attempt to reduce potential hazards by prescribing that populous areas be 
avoided and that travel times be minimized.  In addition, the regulations require that the carrier 
of radioactive materials ensure that the vehicle is operated on routes that minimize radiological 
risks, and that accident rates, transit times, population density and activity, time of day, and day 
of week are considered in determining risk.  However, the final determination of the route is left 
to the discretion of the carrier, such as for shipments of UF6 (depleted or enriched to 
five percent uranium-235). 
 
For this analysis, representative shipment routes were identified using the WebTRAGIS 
(Version 1.5.4) routing model (Johnson and Michelhaugh, 2003) for the truck shipments.  The 
routes were selected to be reasonable and consistent with routing regulations and general 
practice, but they are considered only representative because the actual routes used would be 
chosen in the future and are often determined by the shipper.  At the time of shipment, route 
selection would reflect current road conditions, including road repairs and traffic congestion. 
 
The HIGHWAY data network in WebTRAGIS is a computerized road atlas that includes a 
complete description of the interstate highway system and of all U.S. highways.  In addition, 
most principal state highways and many local and community highways are identified.  The 
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code is periodically updated to reflect current road conditions and has been compared with 
reported mileages and observations of commercial trucking firms. 
 
Routes are calculated within the model by minimizing the total impedance between origin and 
destination.  The impedance is a function of distance and driving time along a particular 
segment of highway.  The population densities along a route are derived from 2000 Census 
data from the U.S. Census Bureau. 
 
The WebTRAGIS database version used was Highway Data Network 4.0.  Summary route 
information on the truck routes used in the analysis is provided in Table D-1. 
 
D.3.1.2 Population Density 

 
Three population density zones – rural, suburban, and urban – were used for the population risk 
assessment.  The fractions of travel and average population density in each zone were 
determined with the WebTRAGIS routing model.  Rural, suburban, and urban areas are 
characterized according to the following breakdown:  rural population densities range from 0 to 
54 persons per square kilometer (0 to 139 persons per square mile); suburban densities range 
from 55 to 1284 persons per square kilometer (140 to 3326 persons per square mile); and urban 
covers all population densities greater than 1284 persons per square kilometer (3326 persons 
per square mile).  Use of these three population density zones is based on an aggregation of 
the 12 population density zones provided in the WebTRAGIS model output.  For calculation 
purposes, information about population density was generated at the state level and used as 
RADTRAN input for all routes.  Route average population densities and other route 
characteristics are given in Table D-1. 
 
D.3.1.3 Accident and Fatality Rates 

 
For calculating accident risks, vehicle accident involvement and fatality rates are taken from 
data provided in Saricks and Tompkins (1999).  For each transport mode, accident rates are 
defined generically as the number of accident involvements (or fatalities) in a given year per unit 
of travel by that mode in the same year.  Therefore, the rate is a fractional value – the accident-
involvement count is the numerator, and vehicular activity (total traveled distance) is the 
denominator.  Accident rates are derived from multiple-year averages that automatically account 
for such factors as heavy traffic and adverse weather conditions.  For assessment purposes, the 
total number of expected accidents or fatalities is calculated by multiplying the total shipping 
distance for a specific route by the appropriate accident or fatality rate. 
 
For truck transportation, the rates presented by Saricks and Tompkins are specifically for heavy 
combination trucks involved in interstate commerce.  Heavy combination trucks are rigs 
composed of a separable tractor unit containing the engine and one to three freight trailers 
connected to each other and the tractor.  Heavy combination trucks are typically used for 
shipping radioactive wastes.  Truck accident rates are computed for each state on the basis of 
statistics compiled by the DOT Office of Motor Carriers for 1994 to 1996.  Saricks and Tompkins 
present accident involvement and fatality counts, estimated kilometers of travel by state, and the 
corresponding average accident involvement and fatality rates for the 3 years investigated.  
Fatalities (including of crew members) are deaths that are attributable to the accident and that 
occurred within 30 days of the accident. 
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Table D-1  Summary Route Data 

  Total Distance  Fraction of Travel  Average Population Density  
(persons/km2 [persons/mi2]) 

Route  km (mi)  Rural Suburban Urban  Rural Suburban Urban 

UF6 feed coming from:               

   Portsmouth Marine Terminal  463 (288)  70.0 28.2 1.8  16.3 (42.2) 296.4 (767.7) 2157 (5588) 

   Dundalk Marine Terminal  754 (467)  50.1 42.0 8.0  18.2 (47.2) 369.7 (957.5) 2447 (6338) 

   Honeywell International  1313 (816)  55.2 42.3 2.5  19.1 (49.4) 332.2 (860.5) 2075 (5373) 

   Cameco  1397 (868)  52.6 41.7 5.8  18.9 (49.1) 351.1 (909.3) 2383 (6171) 

UF6 product going to:               

   Westinghouse Electric  479 (298)  65.0 33.6 1.3  16.6 (43.0) 276.0 (714.8) 2495 (6463) 

   AREVA NP  4785 (2973)  75.0 23.0 2.0  11.2 (28.9) 325.0 (841.8) 2163 (5603) 

Depleted UF6 tails going to:               

   Paducah conversion facility  1316 (818)  55.4 42.2 2.4  19.1 (49.6) 331.9 (859.5) 2087 (5404) 

   Portsmouth conversion facility  989 (615)  55.3 41.3 3.4  18.3 (47.5) 359.6 (931.4) 2150 (5569) 

Empty 48Y cylinder return to:               

   Honeywell International  1313 (816)  55.2 42.3 2.5  19.1 (49.4) 332.2 (860.5) 2075 (5373) 

LLRW going to:               

   EnergySolutions  3947 (2452)  73.0 24.6 2.5  11.4 (29.6) 335.0 (867.7) 2199 (5695) 
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The truck accident assessment presented in this EIS uses accident (fatality) rates for travel on 
interstate highways.  The total accident risk for a case depends on the total distance traveled in 
various states and does not rely on national average accident statistics.  However, for 
comparative purposes, the national average truck accident rate on interstate highways 
presented in Saricks and Tompkins is 3.15  10–7 accidents per truck-kilometer  
(5.07  10–7 accidents per mile).  Note that the accident rates used in this assessment were 
computed using all interstate shipments, regardless of the cargo. 
 
D.3.2 Packaging 

 
Shipment packaging for radioactive materials must be designed, constructed, and maintained to 
ensure that it will contain and shield the contents during normal transportation.  For more highly 
radioactive material, the packaging must contain and shield the contents in severe accidents.  
The type of packaging used is determined by the radioactive hazard associated with the 
packaged material.  The basic types of packaging required by the applicable regulations are 
designated as Type A, Type B, or industrial packaging (generally for low-specific activity [LSA] 
material).  Table D-2 summarizes the shipment packaging for the shipments considered. 
 
The LLRW and the feed and tails UF6 shipments would use Type A packaging.  This type of 
packaging must withstand the conditions of normal transportation without the loss or dispersal of 
the radioactive contents.  “Normal” transportation refers to all transportation conditions except 
those resulting from accidents or sabotage.  Approval of Type A packaging is obtained by 
demonstrating that the packaging can withstand specified testing conditions intended to 
simulate normal transportation.  Type A packaging usually does not require special handling, 
packaging, or transportation equipment.  The UF6 feed and depleted tails would be shipped in 
Model 48Y cylinders (USEC, 1999).  LLRW would be shipped in 4  4  4-foot waste boxes.  
The dimensions of the Model 48Y cylinder are shown in Figure D-1. 
 
The enriched product would be shipped in Model 30B cylinders (USEC, 1999) in Type B 
overpacks.  Figure D-2 displays the dimensions of the 30B cylinder.  In addition to meeting all 
the Type A standards, Type B packaging must also provide a high degree of assurance that the 
package integrity will be maintained even during severe accidents, with essentially no loss of 
the radioactive contents or serious impairment of the shielding capability.  Type B packaging 
must satisfy stringent testing criteria (as specified in 10 CFR Part 71) that were developed to 
simulate conditions of severe hypothetical accidents, including impact, puncture, fire, and 
immersion in water.  The most widely recognized Type B packagings are the massive casks 
used to transport highly radioactive spent nuclear fuel from nuclear power stations.  For 
shipping the Model 30B cylinders, a UX-30 overpack would be used.  The UX-30 has a diameter 
of 1.10 meters (43.5 inches) and a 2.44 meters (96 inches) length (NRC, 2009). 
 
D.3.3 Shipment Configurations and Number of Shipments  

 
The anticipated shipment information for the proposed action is summarized in Table D-2.  
Table D-3 lists the radionuclide inventory for each shipment type.  Uranium feed and depleted 
tails shipments would consist of one Type 48Y cylinder per truck.  Each cylinder would contain 
about 12.4 metric tons (13.7 tons) of natural or depleted UF6.  Enriched UF6 product would be 
shipped in Type 30B cylinders in UX-30 overpacks, five cylinders to a truck.  Each 30B cylinder 
would contain approximately 2.3 metric tons (2.5 tons) of product.  LLRW would be shipped in  
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Table D-2  Radioactive Material Shipment Information 

Material Shipment Configuration 
Annual Average 

Number of 
Shipments 

UF6 feed  1-48Y cylinder 900 

UF6 product 5-30B cylinders 50 

Depleted UF6 tails 1-48Y cylinder 800 

Empty cylinders 2-48Y cylinders with residual heels 50 

LLRW 36-4  4  4-ft waste boxes 36 
Sources:  GLE, 2008; GLE, 2009. 

 
 

 

Figure D-1  Schematic of a Type 48Y Cylinder (USEC, 1995) 
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Figure D-2  Schematic of a Type 30B Cylinder (USEC, 1995) 

 
 

Table D-3  Single-Shipment Radionuclide Inventories (Curies)a 

Isotopes UF6 Feed Enriched 
UF6 

Depleted UF6 

(tails) 
Empty 

Cylinders LLRW 

Uranium-234 2.8 22.6 0.509 9.0  10–4 0.027 

Uranium-235 0.13 0.830 0.037 1.0  10–4 0.0012 

Uranium-238 2.8 2.46 2.835 0.0051 0.027 
a Source:  GLE, 2009. 

 
4  4  4-foot waste boxes, 36 to a truck.  The types and amounts of LLRW to be shipped are 
discussed in Section 4.2.12.2. 
 
D.3.4 Accident Characteristics 

 
Assessment of transportation accident risk takes into account the fraction of material in a 
package that would be released or spilled to the environment during an accident, commonly 
referred to as the release fraction.  The release fraction is a function of the severity of the 
accident and the material packaging.  For instance, a low-impact accident, such as a “fender-
bender,” would not be expected to cause any release of material.  Conversely, a very severe 
accident would be expected to release nearly all of the material in a shipment into the 
environment.  The method used to characterize accident severities and the corresponding 
release fractions for estimating both radioactive and chemical risks are described below.  
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D.3.4.1 Accident Severity Categories 

 
A method to characterize the potential severity of transportation-related accidents has been 
described in NUREG-0170, Final Environmental Statement on the Transportation of Radioactive 
Material by Air and Other Modes (NRC, 1977).  The NRC method divides the spectrum of 
transportation accident severities into eight categories.  Other studies have divided the same 
accident spectrum into six categories (Wilmot, 1981), 20 categories (Fischer et al., 1987), or 
more (Sprung et al., 2000); however, these latter studies focused primarily on accidents 
involving shipments of spent nuclear fuel (SNF).  In this analysis, the NUREG-0170 scheme 
was used for all shipments. 
 
The NUREG-0170 scheme for truck transportation accident classification is shown in 
Figure D-3.  Severity is described as a function of the magnitudes of the mechanical forces 
(impact) and thermal forces (fire) to which a package may be subjected during an accident.  
Because all accidents can be described in these terms, severity is independent of the specific 
accident sequence.  In other words, any sequence of events that results in an accident in which 
a package is subjected to forces within a certain range of values is assigned to the accident 
severity category associated with that range.  The scheme for accident severity is designed to 
take into account all credible transportation-related accidents, including those accidents with low 
probability but high consequences and those with high probability but low consequences. 
 
Each severity category represents a set of accident scenarios defined by a combination of 
mechanical and thermal forces.  A conditional probability of occurrence C that is, the probability 
that if an accident occurs, it is of a particular severity C is assigned to each category.  The 
fractional occurrences for accidents by accident severity category and population density zone 
are shown in Table D-4 and are used for estimating the radioactive risks. 
 
Category I accidents are the least severe but the most frequent; Category VIII accidents are 
very severe but very infrequent.  To determine the expected frequency of an accident of a given 
severity, the conditional probability in the category is multiplied by the baseline accident rate.  
Each population density zone has a distinct distribution of accident severities related to 
differences in average vehicular velocity, traffic density, location (rural, suburban, or urban), and 
other factors. 
 
D.3.4.2 Package Release Fractions 

 
In NUREG-0170, radiological and chemical consequences are calculated by assigning package 
release fractions to each accident severity category.  The release fraction is defined as the 
fraction of the material in a package that could be released from the package as the result of an 
accident of a given severity.  Release fractions take into account all mechanisms necessary to 
create release of material from a damaged package to the environment.  Release fractions vary 
according to the type of package and the physical form of the material. 
 
Representative release fractions for accidents involving all shipments were taken from 
NUREG-0170 (NRC, 1977).  The recommendations in NUREG-0170 are based on best 
engineering judgments and have been shown to provide conservative estimates of material 
releases following accidents (Sprung et al., 2000).  The release fractions used are those 
reported in NUREG-0170 for both Type A and Type B packages.  Release fractions for  
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Figure D-3  Scheme for NUREG-0170 Classification by Accident 

Severity Category for Truck Accidents (NRC, 1977) 

 
Table D-4  Fractional Occurrences for Truck Accidents 

by Severity Category and Population Density Zone 

  Fractional Occurrence by 
Population Density Zone 

Severity 
Category 

Fractional 
Occurrence Rural Suburban Urban 

I 0.55 0.1 0.1 0.8 

II 0.36 0.1 0.1 0.8 

III 0.07 0.3 0.4 0.3 

IV 0.016 0.3 0.4 0.3 

V 0.0028 0.5 0.3 0.2 

VI 0.0011 0.7 0.2 0.1 

VII 8.5  10–5 0.8 0.1 0.1 

VIII 1.5  10–5 0.9 0.05 0.05 
Source:  NRC, 1977. 
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accidents of each severity category are given in Table D-5.  
As shown in that table, the amount of material released 
from the package ranges from zero for minor accidents to 
100% for the most severe accidents. 
 
Also important for the purposes of risk assessment are the 
fraction of the released material that can be entrained in an 
aerosol (part of an airborne contaminant plume) and the 
fraction of the aerosolized material that is also respirable 
(of a size that can be inhaled into the lungs).  These 
fractions depend on the physical form of the material.  
Most solid materials are difficult to release in particulate 
form and are, therefore, relatively nondispersible.  
Conversely, liquid or gaseous materials are relatively easy 
to release if the container is breached in an accident. 
 
The aerosolized fraction for the UF6 shipments was taken 
to be 0.01, except in the case of higher severity accidents 
(Categories VI through VIII) involving fire, for which it was 
taken to be 0.33 (NRC, 2005a).  The respirable fraction 
was taken to be 1 for all accidents.  For LLRW, which was 
assumed to behave as a loose powder, the aerosolized 
fraction was set to 0.1, with a respirable fraction of 0.05 
(Neuhauser and Kanipe, 2003). 
 
D.3.4.3 Atmospheric Conditions During Accidents 

 
Hazardous material released to the atmosphere is transported by the wind.  The amount of 
dispersion, or dilution, of the contaminant material in the air depends on the meteorologic 
conditions at the time of the accident.  Because predicting the specific location of an offsite 
transportation-related accident and the exact meteorologic conditions at the time of the accident 
is impossible, generic atmospheric conditions were selected for the accident risk assessment.  
Neutral weather conditions were assumed.  These conditions were represented by Pasquill 
atmospheric stability Class D with a wind speed of 4 meters per second (9 miles per hour).  
Because neutral meteorological conditions are the most frequently occurring atmospheric 
stability condition in the United States, these conditions are most likely to be present in the 
event of an accident involving a hazardous material shipment.  Observations at National 
Weather Service surface meteorological stations at more than 300 U.S. locations indicate that 
on a yearly average, neutral conditions (represented by Pasquill Classes C and D) occur about 
half (50 percent) the time; stable conditions (Pasquill Classes E and F) occur about one-third 
(33 percent) of the time; and unstable conditions (Pasquill Classes A and B) occur about one-
sixth (17 percent) of the time (Doty and Wallace, 1976).  The neutral category predominates in 
all seasons, but it is most prevalent (nearly 60 percent of the observations) during winter. 
 
D.3.5 Radiological Risk Assessment Input Parameters and Assumptions  

 
The dose (and, correspondingly, the risk) to populations during routine transportation of 
radioactive materials is directly proportional to the assumed external dose rate from the 
shipment.  The actual dose rate from the shipment is a complex function of the composition and 

Table D-5  Estimated Release 

Fractions for Type A and 

Type B packages under 

Various Accident Severity 

Categories 

 Release Fractiona 

Severity 
Category Type A Type B 

I 0 0 

II 0.01 0 

III 0.1 0.01 

IV 1 0.1 

V 1 1 

VI 1 1 

VII 1 1 

VIII 1 1 
a Values are for total material release 
fraction (the fraction of material in a 
package released to the environment 
during an accident). 
Source:  NRC, 1977. 
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configuration of shielding and containment materials used in the packaging, the geometry of the 
loaded shipment, and the characteristics of the radioactive material itself. 
 
Table D-6 lists the external dose rates used for this analysis that were adapted from Table D-7 
of NUREG-1790, Environmental Impact Statement for the Proposed National Enrichment 
Facility in Lea County, New Mexico (NRC, 2005b) and used in this transportation analysis.  The 
dose rates are presented in terms of the transport index (TI), which is the dose rate at 1 meter 
(3 feet) from the side of any package surface.  The regulatory limit established in 
49 CFR 173.441 and 10 CFR 71.47 to protect the public is 0.1 millisievert per hour (10 millirem 
per hour) at 2 meters (6 feet) from the outer lateral sides of the transport vehicle. 
 
Note that in Table D-6, the external radiation levels for an empty cylinder are approximately 
double those for a full cylinder.  This occurs for two reasons.  First, after UF6 is vaporized and 
removed from a cylinder, the radioactive uranium daughter products that build up due to the 
radioactive decay of uranium collect at the bottom and form what is known as a “heel.”  The 
nature of the radiation emitted from the uranium daughter products results in a greater release 
of gamma radiation than occurs from just uranium.  Second, uranium is also a good shield 
material for gamma radiation.  When the cylinder is full of UF6, the uranium daughters are 
distributed throughout the cylinder and emitted radiation must pass through a significant amount 
of uranium (and thus, can be stopped or absorbed by the uranium).  It is only gamma radiation 
from the uranium daughters near to the inner surface of the cylinder that can penetrate the 
cylinder and contribute to a nearby person’s radiation exposure.  Because the empty cylinder no 
longer has the high shielding capability of the UF6 versus the remaining vapor, and the heel 
concentrates the more highly radioactive uranium daughters right next to the inner cylinder 
surface, the radiation levels of the empty UF6 cylinder are higher than those for a full 
UF6 cylinder. 
 
In addition to the specific parameters discussed previously, values for a number of general 
parameters must be specified within the RADTRAN code to calculate radiological risks.  These 
general parameters define basic characteristics of the shipment and traffic and are specific to 
the mode of transportation.  The RADTRAN user manual (Neuhauser and Kanipe, 2003)  
 

Table D-6  External Dose Rates and Package Sizes Used in 

RADTRAN 

Material Vehicle Size 
(m) 

Crew View 
(m) 

Shipment External Dose 
Rate at 1 m 

(mrem/hour)a 

UF6 feed  3.73 1.23 0.29 

UF6 product 12 0.76 0.95 

Depleted UF6 tails 3.73 1.23 0.28 

Empty cylindersb 8 1.23 2.0 

LLRW 14 2.44 0.15 
a Sources:  GLE, 2008; GLE, 2009; NRC, 2005b. 
b Contains residual material.  See text for discussion. 
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Table D-7  General RADTRAN Input Parametersa 

Parameter Truck 

Number of crew members 2 

Distance from source to crew (m) 3.1 

Average vehicular speed (km/hour)b 
   Rural 
   Suburban 
   Urban 

 
88.49 
88.49 
88.49 

Number of people per vehicle sharing route 2 

Population density along routes (persons/km2)c Route-specific 

One-way traffic count (vehicles/hour)d 
   Rural 
   Suburban 
   Urban 

 
530 
760 
2400 

Stop time (hour/km)e 0.0014 

Population density at stops (persons/km2)f  
   1 to 10 m from vehicle 
   10 to 800 m from vehicle 

30,000 
340 

a Accident conditional probabilities are listed by severity category in 
Table D-4; accident release fractions are given in Table D-5. 
b Fraction of rural and suburban travel on freeways was set to 1 in 
RADTRAN.  Thus, the rural speed was used for both urban and 
suburban zones. 
c Route-specific population densities are listed in Table D-1. 
d DOE, 2002. 
e Hostick et al., 1992.  Equivalent to 30 minutes for every 4 hours of 
driving at 88.49 km/hour (55 mph). 

 
contains derivations and descriptions of these parameters.  The general RADTRAN input 
parameters used in the radiological transportation risk assessment are summarized in 
Table D-7. 
 
D.3.6 Routine Nonradiological Vehicle Emission Risks 

 
Vehicle-related risks during incident-free transportation include incremental risks caused by 
potential exposure to airborne particulate matter from fugitive dust and vehicular exhaust 
emissions.  The health endpoint assessed under routine transport conditions is the excess 
(additional) latent mortality caused by inhalation of vehicular emissions.  These emissions occur 
primarily in the form of diesel exhaust and fugitive dust (resuspended particulates from the 
roadway).  Strong epidemiological evidence exists suggesting that increases in ambient air 
concentrations of PM10 (particulate matter with a mean aerodynamic diameter less than or equal 
to 10 microns) lead to increases in mortality (EPA, 1996a; EPA, 1996b).  Currently, it is 
assumed that no threshold exists and that the dose-response functions for most health effects 
associated with PM10 exposure, including premature mortality, are linear over the concentration 
ranges investigated (EPA, 1996a).  Over both the short and long terms, fatalities (mortality) may 
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result from life-shortening respiratory or cardiovascular diseases (EPA, 1996a; Ostro and 
Chestnut, 1998).  The long-term fatalities also are assumed to include those from cancer. 
 
The increased ambient air particulate concentrations caused by the transport vehicle, due to 
fugitive dust and diesel exhaust emissions, were related to premature latent fatalities in the form 
of risk factors for transportation risk assessments (Biwer and Butler, 1999).  Thus, a value of 
8.36  10–10 latent fatalities per kilometer for truck transport was used in this assessment.  This 
value is for heavy combination trucks (truck class VIIIB) and for areas with an assumed 
population density of one person per square kilometer (2.6 persons per square mile).  One-way 
shipment risks are obtained by multiplying the appropriate risk factor by the average population 
density along the route and the route distance.  The risks reported for routine vehicle risks in 
this analysis are for round-trip travel of the transport vehicle. 
 
The vehicle risks reported here are estimates based on the best available data.  However, as is 
true for the radiological risks, there is a large and not readily quantifiable degree of uncertainty 
in the vehicle emission risk factors.  For example, large uncertainties exist as to the extent of 
increased mortality with an incremental rise in particulate air concentrations and as to whether 
there are threshold air concentrations that are applicable.  Also, estimates of the particulate air 
concentrations caused by transport vehicles are dependent on location, road conditions, vehicle 
conditions, and weather. 
 
As discussed by Biwer and Butler (1999), there are large uncertainties in the human health risk 
factors used to develop the emission risks.  In addition, because of the conservatism of the 
assumptions made to reconcile results with those presented by EPA (EPA, 1993), latent fatality 
risks estimated with the above risk factor may be considered to be near an upper bound.  Use of 
this risk factor for truck class VIIIB will give estimated fatalities comparable to those from 
accident fatalities in some cases.  In addition, the question as to what exactly constitutes a 
fatality as a direct consequence of increased PM10 levels from vehicle emissions has not been 
answered definitively, but long-term fatalities have been associated with increased levels of 
PM10 (Biwer and Butler, 1999). 
 
D.4 Transportation Impacts 

 
Single shipment transportation impacts are presented in Table 4-13 of Section 4.2.10.2.  Total 
collective population transportation impacts are presented in Table 4-14. 
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APPENDIX E 

AIR QUALITY ANALYSIS 

 
This appendix discusses detailed information on assumptions, emission factors, and emission 
calculations for criteria air pollutants.  Detailed information on assumptions, parameter selection, 
and air dispersion modeling is also presented.  For the air quality analysis, the lifespan of the 
proposed General Electric (GE)-Hitachi Global Laser Enrichment LLC (GLE) Facility is 
considered in four phases: 
 
• Access road construction and land clearing (does not include other elements of 

preconstruction, such as ancillary building construction) 
 
• Building construction (including ancillary building construction that occurs as part of 

preconstruction)1  
 
• Start-up and final construction (includes concurrent indoor construction with staged testing 

and start-up of process units as completed)  
 
• Facility operation  
 
The analyses in this appendix are based on the assumption that a licensing decision will be 
made in 2012, NRC-licensed construction (if authorized) would begin shortly after the licensing 
decision, and termination of the 40-year license would occur in 2052.  Construction activities, 
which include ancillary building construction, may begin before NRC-licensed construction starts 
(as discussed in Section 1.4.1).  Start-up and final construction would occur from 2014 to 2020, 
at which time the facility would be fully operational (GLE, 2011).  The NRC expects that any 
additional changes in the licensing and construction schedule would cause slight changes to the 
air quality analysis but would not affect the resulting impact conclusions. 
 
E.1  Emissions Estimation Associated with Construction and Operation of the 

Proposed GLE Facility 

 
For convenience in emission inventories and air quality modeling, road construction is 
conservatively assumed to take place during the two consecutive months of the year that result 
in the highest air quality impacts, followed by 1 year or more of land clearing.  Building 
construction, including ancillary building construction (which is part of preconstruction), would 
begin in 2012.  Table E-1 presents general assumptions for estimating air emissions associated 
with construction and operation of the proposed GLE Facility.  Tables E-2 through E-5 discuss 
input parameters and activity-specific assumptions used for estimating air emissions at the 
proposed GLE Facility.  Tables E-6 through E-14 present average daily and annual emissions 
based on emission factors and activity levels (e.g., area disturbed, total vehicle miles traveled). 
 
During access road construction and land clearing, as well as building construction, air 
emissions would include fugitive dust from soil disturbances caused by heavy equipment and by 
truck traffic on unpaved roads, and engine exhaust emissions from off-road construction 

                                                      
1  For the purposes of estimating emission inventories and air quality modeling, the construction of 

ancillary structures, which is part of preconstruction, is grouped into building construction. 
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equipment and motor vehicles, such as commuting, visiting, support, and delivery traffic in and 
around the proposed GLE Facility.  These activities would generate air emissions of criteria 
pollutants (sulfur dioxide [SO2], nitrogen oxides [NOx], carbon monoxide [CO], particulate matter 
equal to or smaller than 10 micrometers [PM10] and particulate matter equal to or smaller than 
2.5 micrometers [PM2.5]), volatile organic compounds (VOCs), greenhouse gases (GHGs) 
(e.g., carbon dioxide [CO2]), and a small amount of hazardous air pollutants (HAPs) 
(e.g., benzene).  VOCs are organic compounds that easily volatize or evaporate and can break 
down through photochemical reactions, contributing to air pollution, especially the generation of 
tropospheric ozone (O3).  GHGs are gases that absorb outgoing infrared radiation emitted by 
the earth’s surface and trap heat in the atmosphere.  HAPS are a group of 188 chemicals 
identified in the 1990 Clean Air Act Amendments (42 U.S.C. 7412), exposure to which can 
cause or contribute to cancer, birth defects, genetic damage, and other adverse health effects.  
Small quantities of additional VOC and HAP emissions would be released from the refueling 
and onsite maintenance of the off-road construction equipment, and from painting and other 
construction-finishing activities. 
 
Fugitive Dust:  No detailed information on the time schedule, heavy equipment usage, and 
activity levels is available at this time.  General area-wide emission factors based on the area 
and duration of disturbances were used.  As shown in Tables E-2 and E-3, it is assumed that an 
uncontrolled PM10 emission factor of 0.94 metric tons per hectare-month (0.42 tons per acre-
month) was applied to large-scale earthmoving activities, such as road construction and site 
preparation, while an uncontrolled PM10 emission factor of 0.25 metric tons per hectare-month 
(0.11 tons per acre-month) was applied to construction activities, such as erection of building 
structures and equipment installation (MRI, 1996).  It is also assumed that 10 percent of PM10 
emissions of fugitive dust is PM2.5 (Countess Environmental, 2006).  For this analysis, an 
emission control efficiency of 74 percent is assumed during the early construction phase. 
 
Off-Road Construction Equipment:  A composite emission factor for off-road construction 
equipment was estimated based on assumed mix of heavy equipment types and pieces of 
heavy equipment, load factor, and equipment-specific emission factors (EPA, 2004a,b).  
 
Onroad Motor Vehicles:  Commuting, visitor, support, and delivery traffic, ranging from small 
passenger cars to heavy-duty tractor trailers, would travel within and to and from the Wilmington 
Site.  Emission factors by vehicle classification are estimated using the EPA’s MOBILE6.2 
mobile source emission factor model (EPA, 2003). 
 
Operation of the proposed GLE Facility would generate a small amount of criteria pollutants and 
HAP emissions because of no combustion being involved.  During facility operation, primary 
emission sources would include minimal PM emissions from the GLE Facility building stack, PM 
emissions as drift from mechanical-draft cooling towers, auxiliary diesel generator units 
operating on an intermittent basis, onsite transfer vehicles (OSTVs) for moving cylinders to and 
from the cylinder pads, and heavy-duty trucks transferring product cylinders to the onsite Fuel 
Manufacturing Operations (FMO) facility.  During the facility operation phase, commuting, 
visiting, support, and local delivery traffic in and around the proposed GLE Facility would also be 
emission sources.  To support facility operation, regional deliveries would be anticipated:  UF6 
feedstock coming to the GLE Facility and UF6 product, depleted UF6 tails, empty 48Y cylinders, 
and low-level radioactive waste (LLRW) going out from the proposed GLE Facility.  But these 
emissions would have minimal impacts on the surrounding area of the proposed GLE Facility 
because they are released along the long roadways.  Although criteria pollutants and VOCs 
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from regional deliveries are not included, greenhouse gas emissions (such as CO2) are included 
in the analysis.  Overall, non-particulate matter (PM) emissions are comparable to, but PM 
emissions are far lower than, those for access road construction and land clearing as well as 
building construction. 
 
E.2  Air Quality Modeling Analysis 

 
Air dispersion modeling was performed to estimate ambient air concentration increments at the 
site boundary and offsite receptors as a result of air emissions during access road construction 
and land clearing as well as building construction at the proposed GLE Facility.  Air quality 
modeling was performed for criteria air pollutants including SO2, NO2, CO, and PM (PM10 and 
PM2.5).  Air quality modeling for ozone and lead was not performed.  Ozone is a regional 
concern and is formed by highly complex and nonlinear reactions that involve VOC and nitrogen 
oxide (NOx) precursors.  Air dispersion modeling for ozone requires intensive meteorological 
and emissions data processing and computing resources.  However, emissions from 
construction and operation at the proposed GLE Facility would not be high enough to influence 
regional ozone levels, and thus, no ozone modeling is warranted.  Air quality modeling for lead 
(Pb) was not performed because its emissions and associated ambient impacts would be 
minimal due to the phasing out of leaded gasoline in the 1970s.  The following sections include 
brief descriptions of the air dispersion model, meteorological data processing, receptor data, 
and modeling assumptions.   
 
E.2.1 Selection of Air Dispersion Model 

 
For this modeling analysis, the latest version of the AMS/EPA Regulatory MODel (AERMOD) 
modeling system (version 09292) (EPA, 2009) was used.  AERMOD is the U.S. Environmental 
Protection Agency’s (EPA’s) preferred or recommended model for a wide range of regulatory 
applications.  AERMOD is a refined, steady-state plume model that incorporates air dispersion 
based on state-of-the-art planetary boundary layer turbulence structure and scaling concepts, 
and building wake effects and plume downwash for point sources.  It includes treatment of both 
surface and elevated sources (including multiple point, area, and volume sources), and both 
simple and complex terrain, and can be applied to rural and urban areas.  The model uses 
hourly sequential preprocessed meteorological data to estimate not only airborne 
concentrations, but also dry and wet deposition fluxes for both particulate and gaseous 
emissions of nonreactive pollutants for averaging times, ranging from 1 hour to the period 
(1 year or multiple years). 
 
AERMOD is a modeling system that contains three major separate components: 
 
• AERMET – meteorological data preprocessor that incorporates air dispersion based on 

planetary boundary layer turbulence structure and scaling concepts;  
 
• AERMAP – terrain data preprocessor that incorporates complex terrain using digital 

elevation data; and  
 
• AERMOD – air dispersion model that estimates airborne concentrations and dry/wet 

deposition fluxes.  
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In addition, supporting programs for the AERMOD modeling system include: 
 
• AERSURFACE – surface characteristics preprocessor that estimates surface characteristics 

including surface roughness length, albedo, and Bowen ratio for input to the AERMET;  
 
• BPIPPRIME – a tool that calculates building parameters to account for building downwash 

effects of point source(s) for input to the AERMOD; and 
 
• AERSCREEN – a screening model for AERMOD that produces estimates of regulatory 

design concentrations without the need for meteorological data and is designed to produce 
more conservative results than AERMOD.  EPA is currently working on a beta version of the 
code.  

 
E.2.2  Determination of Surface Characteristics 

 
For use in the computation of the fluxes and stability of the atmosphere, meteorological data 
preprocessor AERMET needs surface characteristics parameters, including surface roughness 
length, albedo, and the Bowen ratio.  The surface roughness length is a measure of 
irregularities at the surface, including vegetation, topography, and structures, which influence 
the near-surface wind stress.  Surface roughness length plays the most crucial role in 
determining the magnitude of mechanical turbulence and the stability of the boundary layer.  
The typical values range from 0.001 meter (0.003 feet) over calm water surfaces and 1 meter 
(3.3 feet) or more over a forest or urban area.  Albedo is the fraction of the amount of radiation 
reflected from the surface to the amount of radiation incident on the surface.  Typical values 
range from 0.1 for thick deciduous forests to 0.9 for fresh snow.  The Bowen ratio, indicator of 
surface moisture, is the ratio of sensible heat flux to the latent heat flux.  The Bowen ratio is 
used to determine the planetary boundary layer parameters for convective conditions.  The 
typical values range from 0.1 over water to 10 over desert at midday.   
 
Surface characteristics should represent the meteorological data at the application site.  
However, such data may not be available and data from a nearby representative measurement 
site must be used.  In particular, the Wilmington/Hanover County Airport is exposed to open 
areas, while the proposed GLE Facility is surrounded by wooded area.  Although the Wilmington 
Airport is only about 8 kilometers (5 miles) from the proposed GLE Facility, its meteorological 
parameters and surface characteristics are not representative of those for the proposed GLE 
Facility.  In this case, the AERMOD Implementation Guide (EPA, 2009) recommends finding 
another nearby measurement site representative of both meteorological parameters and surface 
characteristics of the site of interest.  Failing that, it is likely that site-specific meteorological data 
will be required.  For this analysis, the nearby Horticultural Crops Research Station (CAST) was 
chosen as being representative of the proposed GLE Facility. 
 
The AERSURFACE tool has been developed to aid users in obtaining realistic and reproducible 
surface characteristic values, which is, in turn, input to the meteorological data preprocessor 
AERMET.  AERSURFACE requires land cover data from the U.S. Geological Survey (USGS) 
National Land Cover Data 1992 archives (NLCD92) (USGS, 2009).  These data are used to 
determine the land cover types around the user-defined location. 
The CAST in Castle Hayne operated by the State Climate Office of North Carolina (SCONC), 
which is located less than 3 kilometers (2 miles) directly east of the proposed GLE Facility, was 
selected for the AERSURFACE analysis.  The elevation and terrain features (mostly flat) 
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surrounding the CAST station are comparable to those of the proposed GLE Facility.  Surface 
characteristics for the CAST station are representative of those for the proposed GLE Facility, 
once trees are removed for construction.  Accordingly, the CAST station is considered 
adequately representative of the proposed GLE Facility and was used as the source of onsite 
meteorological data for this assessment. 
 
Seasonal surface characteristics were determined for each of twelve 30-degree sectors.  A 
default domain defined by 10 kilometers by 10 kilometers (6 miles by 6 miles) centered on the 
measurement site is used for determination of albedo and Bowen ratio.  A radius of 1 kilometer 
(0.6 mile) from the measurement site was used to determine the surface roughness values per 
recommendation in EPA’s AERMOD Implementation Guide (EPA, 2009).  To determine the 
Bowen ratio, surface moisture conditions around the site are needed to characterize the area 
relative to climate normals.  Surface moisture conditions for Bowen ratio were determined by 
year, based on the 30-year (1971–2000) annual precipitation record at the Wilmington Airport2 
(NCDC, 2000; NCDC 2009a).  If annual precipitation for the year of interest is within the lower-
30th percentile or the upper-30th percentile of the 30-year record, dry or wet conditions, 
respectively, are assigned.  Otherwise, average conditions were assigned.  For this analysis, 
wet conditions were selected for 2005 and 2006, dry conditions for 2007, and average 
conditions for 2008.  Additional user inputs to affect surface characteristic values include 
whether the site is an airport or an arid region, and the amount of continuous snow cover 
through most of the winter. 
 
E.2.3  Meteorological Data Processing 

 
The meteorological data preprocessor (AERMET) requires three types of data:  National 
Weather Service (NWS) hourly surface observations; NWS twice-daily upper air soundings; and 
data collected from an onsite measurement tool such as an instrumented tower, if available.  No 
onsite meteorological data are available, so hourly surface and twice-daily upper sounding data 
from the nearest CAST station and NWS stations were used for the analysis.  As discussed, the 
CAST station represents onsite data for this assessment.  Meteorological data at the CAST 
station have been collected at 10-meter (33-foot) height, which include wind speed and 
direction, ambient temperature, standard deviation of horizontal wind direction (missing from the 
second half of 2006 to 2008), and solar radiation.  Site-specific surface characteristics influence 
plume dispersion in the boundary layer, associated parameters for which are typically derived 
using the surface measurement data from a nearby airport.  Hourly surface meteorological data 
at the Wilmington Airport, which is located about 8 kilometers (5 miles) southeast of the 
proposed GLE Facility, are used to supplement the missing data at the CAST site and to 
estimate boundary layer parameters (NCDC, 2009b).  Twice-daily upper sounding data from 
Charleston, South Carolina,3 which is located about 249 kilometers (155 miles) southwest of the 
                                                      
2  The CAST has also collected precipitation data since 1983, which is less than the 30-year 

climatological record required to determine surface moisture conditions.  Typically, there is little spatial 
variance over such a short distance. 

3  An upper air station at Morehead City, North Carolina is about 113 km (70 mi) northeast of the 
proposed GLE Facility, closer than Charleston, South Carolina.  However, the former is located in the 
barrier island and thus, is more affected by the marine boundary layer of Atlantic Ocean than 
Charleston and the proposed GLE Facility, which are more than 16 km (10 mi) from the Atlantic 
Ocean.  Accordingly, the Charleston was chosen for the analysis, considering the similarity of distance 
and orientation to the Atlantic Ocean. 
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GLE Facility, are used for estimating the heights of convective boundary layer (NOAA, 2009).  
Using the AERMET preprocessor, the most recent 4 years of meteorological data (2005 to 
2008)4 were processed for input to the AERMOD model.  Table E-15 presents detailed 
information on surface, upper air, and onsite meteorological stations, data file formats, 
anemometer heights, and distance and direction from the proposed GLE Facility. 
 
Figure E-1 presents a wind rose at 10-meter (33-foot) level of CAST station on 2005–2008 wind 
data (Frazier, 2009).  The average annual wind speed is about 2.1 meters per second (4.7 miles 
per hour) and relatively higher calm winds are recorded about one-fourth of the time.  The 
prevailing wind directions are from the southwest and northeast (about 8.7 percent of the time 
each), and secondarily from west–southwest (8.2 percent).  Wind speed tends to be highest in 
spring and lowest in summer.  Occurrences of calm winds are lowest (about 12 percent 
frequency) in spring and high (about 20 percent frequency) in all other seasons.  In general, 
southwesterly winds prevail in winter through summer, while northerly winds prevail in fall.  The 
southwesterly winds are strongly influenced by general synoptic-scale5 wind patterns of the 
Bermuda High.  In contrast, northerly winds reflect the influences of penetrating polar air 
masses and changes in global circulation (Robinson, 2005).  Compared to wind directions at the 
Wilmington Airport (see Figure 3-5), prevailing wind directions at the CAST station are a little 
different, but general wind patterns are similar.  Average wind speed at the CAST station is 
about two-thirds of that at the Wilmington Airport, even though the two stations are only 
6 kilometers (4 miles) apart.  This can be explained by differences in surface roughness, 
because the CAST site is surrounded by tall trees, but the airport is surrounded by open areas. 
 
E.2.4 Terrain Data Processing 

 
Areas are relatively flat within a 50-kilometer (31-mile) radius from the proposed GLE Facility, 
with approximately 20-meter (66-foot) variances in elevation, and no significant topographic 
features.  For the modeling analysis, it is assumed that the terrain is flat, and thus, no AERMAP 
processing has been performed. 
 
E.2.5 Receptor Location Data 

 
For the analysis, a modeling domain of 50-kilometer (31-mile) radius centered on the proposed 
GLE Facility was developed.  In doing so, two sets of receptor networks were developed:  
(1) fenceline receptors and (2) regularly spaced polar receptor grids.  For the analysis, discrete 
receptors at Wilmington Site boundaries are set densely (few tens meters) at northern 
boundaries, where maximum concentration are anticipated, and sparsely (few hundred meters) 
at other site boundaries.  Regularly spaced polar receptor grids were placed at 31 rings outward 
ranging from 50 meters (164 feet) to 50 kilometers (31 miles) along sixteen 22.5-degree radials.  
                                                      
4  Per EPA’s modeling guidance (40 CFR Part 51, Appendix W – Guideline on Air Quality Models), most-

recent consecutive five years of meteorological data representative of the site of interest should be 
used when estimating concentrations with an air quality model.  However, four years of data (2005–
2008) were used for this analysis.  A problem in wind direction measurements was found at the CAST 
in 2004 and the wind sensor was replaced in January 2005.  Wind roses for 2001–2004 at the station 
indicated that wind patterns are totally off from the general patterns in the area and thus, wind data 
during this period are not useable. 

5  The scale of high- or low-pressure systems in the lower atmosphere seen on weather maps, in which 
the typical horizontal dimension is on the order of 1000 km (621 mi) or more. 
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A total of 557 receptors consists of 61 fenceline receptors and 496 regularly spaced polar 
receptor grids.  Although air quality impact analysis was performed at site boundaries and 
beyond, irrespective of human residence, modeling calculations for onsite receptors were made 
to provide maximum onsite concentrations for worker health hazards and to analyze 
concentration contour patterns. 
 
E.2.6 Modeling Assumptions 

 
The following assumptions are for air quality modeling and modeling result interpretations: 
 
• Construction activities would occur seven days per week (359 days per year) for 9 hours per 

day, from 7 a.m. to 4 p.m, while operation activities would occur seven days per week 
(365 days per year) for 24 hours per day.  

 
• Dry and wet deposition mechanisms are uncertain and are not included in EPA’s regulatory 

option, and thus, it is not recommended to use them for typical applications except in special 
cases (e.g., deposition impacts on vegetation).  Accordingly, no dry and wet depositions for 
construction-related PM modeling were assumed (i.e., all PMs are airborne as a 
conservatism).  

 
• During the road construction, land clearing, and construction phases, fugitive dust emissions 

resulting from soil disturbances by heavy construction equipment or vehicles are typically 
released at the top of the wheel/tire, with initial dispersion corresponding to the volume size 
of the equipment or truck.  Engine exhaust emissions from heavy construction equipment or 
vehicles are released at some height along with plume rise induced by momentum and 
buoyancy.  However, for this analysis, it is conservatively assumed that emissions are 
released at the ground level without vertical dimension.  

 
• For purposes of modeling demonstrations of compliance with the National Ambient Air 

Quality Standards (NAAQS), the following modeled concentrations were used for 
comparison with the NAAQS as recommended by EPA.  The highest of the second-highest 
modeled concentrations over 4 years were presented for 3-hour and 24-hour SO2, and 
1-hour and 8-hour CO.  The highest of the annual averages over 4 years were presented for 
annual average for SO2 and NO2.  For PM10, high-5th-high over 4 years (2005–2008) was 
presented.  For PM2.5, the highest of the 4-year average of the high-8th-high concentration at 
each receptor was presented.  The highest of 4-year averaged annual means across the 
receptors for PM2.5 were presented. 

 
E.2.7 Modeling Results 

 
Air dispersion modeling estimates concentration increments over the background.  To obtain 
total concentrations for comparison with applicable air quality standards (NAAQS), these 
modeled concentration increments were added to measured background concentrations 
representative of the Wilmington Site (Buckler, 2009). 
 
For road construction and land clearing activities and building construction activities, detailed 
discussion of modeling results, contributing factors to maximum concentrations, and mitigation 
measures can be found in Section 4.2.4.  The following is a brief summary of the modeling 
results.  Air dispersion modeling was not performed for the start-up and final construction and 
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facility operations phases because estimated emissions were relatively small during these 
periods. 
 
Throughout the entire life of the proposed GLE Facility, combustion-related emissions such as 
SO2, NO2, and CO would not have any potential impacts on ambient air quality.  However, 
modeling results indicate that short-term (24-hour) PM10 and PM2.5 concentrations resulting from 
fugitive dust emissions at ground level could exceed NAAQS near northern site boundaries 
during the earlier project phases.   
 
During land clearing (preconstruction), high PM concentrations would occur at the proximate 
northern boundaries of the proposed GLE Facility due to heavy land clearing activities and near 
the Wooden Shoe residential subdivision due to vehicle traffic on the unpaved North Access 
Road.  High PM concentrations are predicted only at proximate northern boundary of the 
proposed GLE Facility as the North Access Road is paved during the construction phase.  Most 
of these exceedances are associated with a couple of hours of high concentrations in the early 
morning in winter, typical of low wind speeds, stable conditions, and relatively low mixing 
heights.  It is assumed that access road construction would take place during the two 
consecutive months of the year that result in the highest air quality impacts, followed by 1 year 
or more of land clearing.  These exceedances could be avoided by application of appropriate 
mitigation measures, such as implementation of aggressive dust control measures or 
minimization of soil-disturbing activities during unfavorable meteorological conditions (to the 
extent practicable). 
 
E.3  References 

 
(Buckler, 2009) Buckler, C.  Personal communication from C. Buckler (North Carolina 
Department of Environment and Natural Resources) to Y.S. Chang (Argonne National 
Laboratory).  September 4. 
 
(Countess Environmental, 2006) Countess Environmental.  “WRAP Fugitive Dust Handbook.”  
Prepared by Countess Environmental for Westerns Governors’ Association.  September 7. 
<http://www.wrapair.org/forums/dejf/fdh/content/FDHandbook_Rev_06.pdf> (Accessed 
August 24, 2009). 
 
(EPA, 1995) U.S. Environmental Protection Agency.  “Compilation of Air Pollutant 
Emission Factors, Volume 1:  Stationary Point and Area Sources, AP-42, Fifth Edition.”  
<http://www.epa.gov/ttn/chief/ap42> (Accessed January 19, 2010). 
 
(EPA, 2003) U.S. Environmental Protection Agency.  “User’s Guide to MOBILE6.1 and 
MOBILE6.2, Mobile Source Emission Factor Model.”  EPA420-R-03-010.  August.  
<http://www.epa.gov/OMS/models/mobile6/420r03010.pdf> (Accessed December 14, 2009). 
 
(EPA, 2004a) U.S. Environmental Protection Agency.  “Median Life, Annual Activity, and Load 
Factor Values for Nonroad Engine Emissions Modeling.”  EPA420-P-04-005.  April.  
<http://www.epa.gov/OMS/models/nonrdmdl/nonrdmdl2004/420p04005.pdf> (Accessed 
February 1, 2010). 
 



  Appendix E 

February 2012 E-9 NUREG-1938 

(EPA, 2004b) U.S. Environmental Protection Agency.  “Exhaust and Crankcase Emission 
Factors for Nonroad Engine Modeling—Compression-Ignition.”  EPA420-P-04-009.  April.  
<http://www.epa.gov/oms/models/nonrdmdl/nonrdmdl2004/420p04009.pdf> (Accessed 
December 14, 2009). 
 
(EPA, 2009) U.S. Environmental Protection Agency.  “Preferred/Recommended Models – 
AERMOD Modeling System.”  <http://www.epa.gov/scram001/dispersion_prefrec.htm> 
(Accessed November 8, 2009). 
 
(Frazier, 2009) Frazier, A.  Personal communication from A. Frazier (State Climate Office of 
North Carolina) to Y.-S. Chang (Argonne National Laboratory).  October 9. 
 
(GLE, 2011) GE-Hitachi Global Laser Enrichment LLC.  Letter from J. Olivier (GE-Hitachi Global 
Laser Enrichment LLC) to J. Davis (U.S. Nuclear Regulatory Commission) dated January 17.  
“Subject:  Response to Questions from Telecon Held on January 5, 2011, Regarding the Global 
Laser Enrichment Environmental Report.”  ADAMS Accession No. ML110460567. 
 
(MRI, 1996) Midwest Research Institute.  “Improvement of Specific Emission Factors (BACM 
Project No. 1), Final Report.”  Prepared for South Coast AQMD.  March 29. 
 
(NCDC, 2000) National Climatic Data Center.  “1999 Local Climatological Data Annual 
Summary with Comparative Data, Wilmington North Carolina (ILM).”  
<http://www1.ncdc.noaa.gov/pub/orders/IPS-D76AD426-A4B5-4372-88B8-
F7FAF0EF312A.pdf> (Accessed January 27, 2012). 
 
(NCDC, 2009a) National Climatic Data Center.  “2008 Local Climatological Data Annual 
Summary with Comparative Data, Wilmington North Carolina (KILM).”  
<http://www1.ncdc.noaa.gov/pub/orders/IPS-37433F91-1949-469E-9A9A-85BC04BFC4D5.pdf> 
(Accessed January 27, 2012). 
 
(NCDC, 2009b) National Climatic Data Center.  “Integrated Surface Hourly Data.”  
<ftp://ftp3.ncdc.noaa.gov/pub/data/noaa/> (Accessed August 1, 2009). 
 
(NOAA, 2009) National Oceanic and Atmospheric Administration.  “NOAA/ESRL Radiosonde 
Database Access.”  <http://esrl.noaa.gov/raobs/> (Accessed August 1, 2009). 
 
(NCDENR, 2000) North Carolina Department of Environment and Natural Resources, Division 
of Air Quality.  “Large Diesel and All Dual-Fuel Engines Emissions Calculator (LGD2009 
Revision A).”  March.  <http://daq.state.nc.us/cgi-bin/permit_forms.cgi?id=intlarge&type=sheets> 
(Accessed January 19, 2010). 
 
(Robinson, 2005) Robinson, P.J.  North Carolina Weather & Climate.  The University of North 
Carolina Press.  Chapel Hill, North Carolina. 
 
(USGS, 2009) U.S. Geological Survey.  “Seamless Data Warehouse.”  
<http://seamless.usgs.gov/index.php> (Accessed October 11, 2009). 
 



N
U

R
E

G
-1938 

E-10 
February 2012 

Appendix E
 

 

 

Table E-1  General Assumptions for Estimating Air Emissions Associated with Construction 

and Operation of the Proposed GLE Facility 

Phase Activity Schedulea Workdays 
per year 

Work 
Schedule 

Area 
Disturbed 

(acres) 

Average Daily 
Workers 
Onsitea 

Average 
Daily 

Tripsa,b,c 

Early 
Construction   

       

    Road 
     Construction 

Onsite access road 
construction 

2012d 60 7 days/week 
7 a.m.–
4 p.m. 

8.65f 95 200 

    Land Clearing Preparation of site for 
erection of buildings and 
structures 

2012d 365e 148.7 

Building 
Construction 

Erection of main GLE Facility 
building and ancillary 
buildings and structures 

2012 
through 

2014 

365g 7 days/week 
7 a.m.–
4 p.m. 

117.4 858 1801 

Start-up and 
Final 
Construction 

Concurrent indoor 
construction activities with 
staged testing and start-up of 
process units as completed 

2014 
through 

2020 

365h 7 days/week 
24 hours/day 

NAi 590 1239 

Operation Full capacity fuel enrichment 
operations 

2020 
through 

2051 

365h 7 days/week 
24 hours/day 

NA 350 735 

a Source:  GLE, 2011.  Additional changes to the project schedule would be expected to cause slight changes in the air quality analysis, but are not expected to affect the 
impacts conclusions. 
b Each trip is a one-way trip, including onsite road from the proposed GLE Facility to the entrance on Castle Hayne Road (2.64 km [1.64 mi]) and offsite roads (16.1 km 
[10 mi] for automobiles and 161 km [100 mi] for heavy-duty trucks). 
c Average daily traffic consists of gasoline engine automobiles of 90 percent and heavy-duty diesel trucks of 10 percent.   
d As discussed in Section 2.1.5, the schedule for preconstruction activities, including road construction and land clearing, is uncertain. 
e No work schedule on five holidays (Memorial Day, Independence Day, Labor Day, Thanksgiving Day, and Christmas Day). 
f Total length of the onsite access road to the proposed GLE Facility (2.64 km [1.64 mi]) consists of existing paved road (0.72 km [0.45 mi]) and unpaved road (1.91 km 
[1.19 mi]).  Road construction would occur on unpaved road segment only with an assumed 18.3-meter (60-foot) width.  
g No work schedule on six holidays (New Year’s Day, Memorial Day, Independence Day, Labor Day, Thanksgiving Day, and Christmas Day). 
h 366 for leap years. 
i NA = not applicable. 
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Table E-2  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility:  

Road Construction Followed by Land Clearing 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Fugitive dust emissions 
from soil disturbances at 
construction sites 

PM10 uncontrolled emission 
factor 

0.42 ton/acre/month MRI, 1996 

PM2.5 to PM10 ratio 0.1 Countess Environmental, 2006 
(Section 3.3.1) 

Dust control efficiency 74% Countess Environmental, 2006 
(Section 3.6); 2.1-hour watering interval 

Fugitive dust emissions 
from vehicular travel on 
unpaved onsite access 
road 

Unpaved road segment 1.19 mi See note d in Table E-1 

Surface silt content 18.9% Weighted-average site-specific data for 
soils on onsite road segment; 0.77 mile 
of road for Murville fine sand soil 
(0.6% silt) and 0.42 mile of road for 
Pantego loam soil (44% silt) 

Average vehicle weight 9700 lb (4.85 ton) Weighted average based on assumed 
90% daily trips for automobiles with 
3000 lb and 10% daily traffic for heavy-
duty diesel trucks with 70,000 lb 

Average vehicle speed 15 mph Assumed as part of onsite fugitive dust 
control mitigation measures 

PM10 uncontrolled emission 
factor 

2.81 lb/VMT EPA, 1995 (Section 13.2.2, 11/06) 

PM2.5 uncontrolled emission 
factor 

0.28 lb/VMT EPA, 1995 (Section 13.2.2, 11/06) 

Dust control efficiency 55% Countess Environmental, 2006 
(Section 6.5); watering twice per day 
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Table E-2  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Road Construction Followed by Land Clearing (Cont.) 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from offroad diesel-
powered heavy 
construction equipment 

Average equipment mix Equipment Assumed mix of heavy construction 
equipment  
 
Load factor from EPA, 2004a 

 
 

Type (Number) 

Engine 
Horsepower 

(hp) 

 
Load 

Factor 

Bulldozer (4) 175 0.59 

Loader (4) 175 0.59 

Grader (2) 175 0.59 

Compactor/Roller (2) 120 0.59 

Excavator (1) 175 0.59 

Water truck (1) 175 0.59 

Paver (1) 120 0.59 

 Site-specific composite 
emission factors 

Pollutant lb/hr EPA, 2004b 
 
Weighted averages based on emission 
factor for each equipment, number of 
each equipment, and load factor 

PM10 1.48 

PM2.5 1.44 

NOx 8.16 

SO2 0.02 

VOC 0.62 

CO 4.75 
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Table E-2  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Road Construction Followed by Land Clearing (Cont.) 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from automobile and truck 
traffic 

PM2.5 to PM10 ratio 0.97 EPA, 2004b 

Automobile emission factors Pollutant g/mi EPA, 2003 
 
Estimated using MOBILE6.2 with: 
   Calendar year:  2011a 
   Minimum/maximum temperature: 
       2.1 C/13.5 C (35.8 F/56.3 F)  
       (January)  
   Fuel RVP:  9.0 (maximum RVP  
       allowed in attainment areas in  
       North Carolina) 
Used default values for other input  
   parameters and assumptions 
 
Use light-duty gasoline vehicle (LDGV) 
emission factor for automobiles and 
heavy-duty diesel vehicle (HDDV) for 
trucks 

PM10 0.025 

PM2.5 0.024 

NOx 0.549 

SO2 0.007 

VOC 0.656 

CO 13.080 

Truck emission factors Pollutant g/mi 

PM10 0.136 

PM2.5 0.132 

NOx 6.360 

SO2 0.013 

VOC 0.381 

CO 1.627 
a The calendar years for the emissions inventory in the MOBILE6.2 model were chosen based on the original project schedule.  Emission factors for onroad vehicles 
decrease with time due to the introduction of more stringent emission controls.  Thus, these emission estimates are conservative. 
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Table E-3  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility:  

Building Construction 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Fugitive dust emissions 
from soil disturbances at 
construction sites 

PM10 uncontrolled emission 
factor 

0.11 ton/acre/month MRI, 1996 

PM2.5 to PM10 ratio 0.1 Countess Environmental, 2006 
(Section 3.3.1) 

Engine exhaust emissions 
from offroad diesel-
powered heavy 
construction equipment 

Average equipment mix Equipment Assumed mix of heavy construction 
equipment  
 
Load factor from EPA, 2004a 

 
 

Type (Number) 

Engine 
Horsepower 

(hp) 

 
Load 

Factor 

Crane (2) 175 0.43 

Tractor/backhoe (4) 100 0.21 

Forklift (4)   75 0.59 

Aerial lift (4)   75 0.21 

Air compressor (4)   75 0.43 

 Site-specific composite 
emission factors 

Pollutant lb/hr EPA, 2004b 
 
Weighted averages based on emission 
factor for each equipment, number of 
each equipment, and load factor 

PM10 0.75 

PM2.5 0.73 

NOx 4.01 

SO2 0.01 

VOC 0.29 

CO 4.47 
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Table E-3  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Building Construction (Cont.)  

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from automobile and truck 
traffic 

PM2.5 to PM10 ratio 0.97 EPA, 2004b 

Automobile emission factors Pollutant g/mi EPA, 2003 
 
Estimated using MOBILE6.2 with: 
   Calendar year:  2012 
   Minimum/maximum temperature:   
      2.1 C/13.5 C (35.8 F/56.3 F)  
      (January) 
   Fuel RVP:  9.0 (maximum RVP  
      allowed In attainment areas in North  
      Carolina) 
   Used default values for other input  
      parameters and assumptions 
 
Use light-duty gasoline vehicle (LDGV) 
emission factor for automobiles and 
heavy-duty diesel vehicle (HDDV) for 
trucks 

PM10 0.025 

PM2.5 0.024 

NOx 0.498 

SO2 0.007 

VOC 0.597 

CO 12.590 

Truck emission factors Pollutant g/mi 

PM10 0.136 

PM2.5 0.132 

NOx 5.481 

SO2 0.013 

VOC 0.352 

CO 1.418 
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Table E-4  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Start-up and Final Construction 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Fugitive dust emissions 
from soil disturbances 

Assumed no emissions because activities would occur mostly 
inside buildings 

GLE Preliminary design information as of 
November 2009 

Drift PM emissions from 
mechanical-draft cooling 
towers 

See parameter and parameter data for the operation phase in the 
below 

Production will be incrementally ramped up to full 
production over the 5-year period of the start-up 
(final construction) phase.  Conservatively, 
assumed the same parameter values for the 
operation phase. Engine exhaust emissions 

from auxiliary diesel 
generator units 

Engine exhaust emissions 
from onsite transfer 
vehicles (OSTVs) used for 
moving UF6 cylinders to 
and from cylinder pads 

Engine exhaust emissions 
from heavy-duty truck 
used for transfer of 
product cylinders to onsite 
Fuel Manufacturing 
Operations (FMO) facility 
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Table E-4  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Start-up and Final Construction (Cont.) 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from automobile and truck 
traffic 
 

PM2.5 to PM10 ratio 0.97 EPA, 2004b 

Automobile emission factors Pollutant g/mi EPA, 2003 
 
Estimated using MOBILE6.2 with: 
   Calendar year: 2015 
   Minimum/maximum temperature:  
       2.1 C/13.5 C (35.8 F/56.3 F) (January) 
   Fuel RVP: 9.0 (maximum RVP allowed in 
       attainment areas in North Carolina) 
   Used default values for other input  
       parameters and assumptions 
 
Use light-duty gasoline vehicle (LDGV) emission 
factor for automobiles and heavy-duty diesel 
vehicle (HDDV) for trucks. 

PM10 0.025 

PM2.5 0.024 

NOx 0.379 

SO2 0.007 

VOC 0.475 

CO 11.640 

Truck emission factors Pollutant g/mi 

PM10 0.136 

PM2.5 0.132 

NOx 3.507 

SO2 0.013 

VOC 0.304 

CO 0.840 
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Table E-5  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Operations 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Drift PM emissions from 
mechanical-draft cooling 
towers 

Number of cooling towers 2 GLE Preliminary design information as of 
November 2009 

Number of cells per cooling tower 8 

Water flow rate per cell 22,500 gal/hr 

Total dissolved solids (TDS) 
concentration 

858 ppm Based on cooling towers operating at the existing 
manufacturing facilities at the Wilmington Site 

Total liquid drift factor 1.7 lb/1000 gal EPA, 1995 (induced draft cooling tower, 
Section 13.4, 1/95) 

PM10 emission factor per cell 0.0015 lb/1000 gal Calculated 

PM2.5 to PM10 ratio 1 Assumed based on typical drift particle size 
distribution for cooling towers 

Engine exhaust emissions 
from auxiliary diesel 
generator units 

Number of units 2 GLE Preliminary design information as of 
November 2009 

Engine rating 382 hp 

Diesel fuel sulfur content 0.2% Based on NCDAQ air permit conditions for the 
existing emergency diesel generators at the 
Wilmington Site Annual operation 240 hours per year per unit 

Emission factors Pollutant lb/hr NCDENR, 2000 
 
Assume VOC is the non-methane total organic 
compound (NMTOC) rate provided in the NCDAQ 
spreadsheet 

PM10 0.27 

PM2.5 0.27 

NOx 5.0   

SO2 0.62 

VOC 0.25 

CO 2.1   
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Table E-5  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Operations (Cont.) 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from onsite transfer 
vehicles (OSTVs) used for 
moving UF6 cylinders to 
and from cylinder pads 

Number of OSTVs 2 GLE Preliminary design information as of 
November 2009 

Engine rating 75 hp Assume based on engineering judgment. 

Operating hours per day 3 
 

GLE Preliminary design information as of 
November 2009 

Emission factors Pollutant g/hp-hr EPA, 2004b 

PM10 0.6496 

PM2.5 0.6301 

NOx 3.1450 

SO2 0.0049 

VOC 0.1980 

CO 4.1657 

Engine exhaust emissions 
from heavy-duty diesel 
truck used for transfer of 
product cylinders to onsite 
Fuel Manufacturing 
Operations (FMO) facility 

Number of vehicles 1 GLE Preliminary design information as of 
November 2009 

Operating interval 1 round trip per week 

Distance traveled 2 mi One-way distance between the proposed GLE 
Facility and FMO facility 

Emission Factors See below  
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Table E-5  Input Parameters Used for Estimating Air Emissions at the Proposed GLE Facility: 

Operations (Cont.) 

Air Emission Source Parameter Parameter Value Reference and/or Note 

Engine exhaust emissions 
from automobile and truck 
traffic 

PM2.5 to PM10 ratio 0.97 EPA, 2004b 

Automobile emission factors Pollutant g/mi EPA, 2003 
 
Estimated using MOBILE6.2 with: 
   Calendar year: 2018 
   Minimum/maximum temperature:  
      2.1 C/13.5 C (35.8 F/56.3 F) (January) 
   Fuel RVP: 9.0 (maximum RVP allowed in  
      attainment areas in North Carolina) 
   Used default values for other input  
      parameters and assumptions 
 
Use light-duty gasoline vehicle (LDGV) emission 
factor for automobiles and heavy-duty diesel 
vehicle (HDDV) for trucks. 

PM10 0.025 

PM2.5 0.024 

NOx 0.300 

SO2 0.007 

VOC 0.403 

CO 11.060 

Truck emission factors Pollutant g/mi 

PM10 0.136 

PM2.5 0.132 

NOx 2.272 

SO2 0.013 

VOC 0.279 

CO 0.585 
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Table E-6  Estimated Average Daily Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Road Construction and Land Clearing 

Average Daily Onsite Air Emissions Associated with Access Road Construction Activities 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from onsite access road construction 63.0 6.30 NAa NA NA NA 

Engine exhaust emissions from offroad diesel-powered heavy construction equipment 13.4 13.0 73.5 0.14 5.55 42.8 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.02 0.02 0.36 0.004 0.43 8.48 

Engine exhaust emissions from onsite diesel engine truck traffic 0.01 0.01 0.46 0.001 0.03 0.12 

TOTAL 76.4 19.3 74.3 0.14 6.00 51.4 

Average Daily Onsite Air Emissions Associated with Land Clearing 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from site preparation 1082.5 108.3 NA NA NA NA 

Fugitive dust emissions from construction vehicle traffic on unpaved onsite access 
road 

300.0 30.0 NA NA NA NA 

Engine exhaust emissions from offroad diesel-powered heavy construction equipment 13.4 13.0 73.5 0.14 5.55 42.8 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.02 0.02 0.36 0.004 0.43 8.48 

Engine exhaust emissions from onsite diesel engine truck traffic 0.01 0.01 0.46 0.001 0.03 0.12 

TOTAL 1395.9 151.2 74.3 0.14 6.00 51.4 
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Table E-6  Estimated Average Daily Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility  

During Road Construction and Land Clearing (Cont.) 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated 
with Access Road Construction and Land Clearing 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.10 0.10 2.17 0.03 2.59 51.7 

Diesel engine truck traffic 0.60 0.58 27.9 0.06 1.67 7.15 

TOTAL 0.70 0.68 30.1 0.08 4.27 58.9 
a NA =  not applicable. 
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Table E-7  Estimated Average Annual Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Road Construction 

Average Annual Onsite Air Emissions Associated with Access Road Construction 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from onsite access road construction 1.89 0.19 NAa NA NA NA 

Engine exhaust emissions from offroad diesel-powered heavy construction equipment 
for access road construction 

0.40 0.39 2.20 0.004 0.17 1.28 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.00 0.00 0.011 0.00 0.01 0.25 

Engine exhaust emissions from onsite diesel engine truck traffic 0.00 0.00 0.01 0.00 0.001 0.00 

TOTAL 2.29 0.58 2.23 0.004 0.18 1.54 

Average Annual Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated 
with Road Construction 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.00 0.00 0.07 0.001 0.08 1.55 

Diesel engine truck traffic 0.02 0.02 0.84 0.002 0.05 0.21 

TOTAL 0.02 0.02 0.90 0.003 0.13 1.77 
a NA = not applicable. 
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Table E-8  Estimated Average Annual Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Land Clearing 

Average Annual Onsite Air Emissions Associated with Land Clearing 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from site preparation 197.6 19.8 NAa NA NA NA 

Fugitive dust emissions from construction vehicle traffic on unpaved access roads 54.7 5.47 NA NA NA NA 

Engine exhaust emissions from offroad diesel-powered heavy construction equipment 
for site preparation 

2.44 2.36 13.41 0.025 1.01 7.81 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.003 0.003 0.065 0.001 0.08 1.55 

Engine exhaust emissions from onsite diesel engine truck traffic 0.002 0.002 0.08 0.0002 0.005 0.02 

TOTAL 254.75 27.60 13.56 0.03 1.10 9.38 

Average Annual Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated 
with Land Clearing 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.02 0.02 0.40 0.005 0.47 9.44 

Diesel engine truck traffic 0.11 0.11 5.10 0.01 0.31 1.30 

TOTAL 0.13 0.12 5.50 0.02 0.78 10.75 
a NA = not applicable. 
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Table E-9  Estimated Average Daily Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility  

During Building Construction 

Average Daily Onsite Air Emissions Associated with Building Construction Activities 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from proposed GLE Facility building construction activities 860.9 86.1 NAa NA NA NA 

Engine exhaust emissions from offroad construction equipment used for building 
construction 

6.77 6.56 36.1 0.06 2.61 40.2 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.15 0.14 2.92 0.04 3.50 73.7 

Engine exhaust emissions from onsite diesel engine truck traffic 0.09 0.09 3.57 0.01 0.23 0.92 

TOTAL 867.9 92.9 42.6 0.11 6.33 114.9 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Building Construction Activities 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.89 0.87 17.8 0.24 21.3 449.4 

Diesel engine truck traffic 5.40 5.24 217.4 0.52 14.0 56.2 

TOTAL 6.29 6.10 235.2 0.76 35.3 505.7 
a NA =  not applicable. 
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Table E-10  Estimated Average Annual Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Building Construction 

Average Daily Onsite Air Emissions Associated with Building Construction Activities 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Fugitive dust emissions from proposed GLE Facility building construction activities 154.5 15.5 NAa NA NA NA 

Engine exhaust emissions from offroad construction equipment used for building 
construction 

1.21 1.18 6.48 0.01 0.47 7.22 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.03 0.03 0.52 0.01 0.63 13.2 

Engine exhaust emissions from onsite diesel engine truck traffic 0.02 0.02 0.64 0.002 0.04 0.17 

TOTAL 155.8 16.7 7.64 0.02 1.14 20.6 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Building Construction Activities 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.16 0.16 3.19 0.04 3.83 80.7 

Diesel engine truck traffic 0.97 0.94 39.0 0.09 2.51 10.1 

TOTAL 1.13 1.10 42.2 0.14 6.33 90.8 
a NA = not applicable. 
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Table E-11  Estimated Average Daily Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Start-up and Final Construction 

Average Daily Onsite Air Emissions Associated with Start-up and Final Construction Activities 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Stationary source emissions from main GLE Facility operations building stack 
vent 

~0 ~0 0 0 0 0 

Stationary source emissions from mechanical-draft cooling towers 12.6 12.6 NAa NA NA NA 

Stationary source emissions from auxiliary diesel generator unit exhaust stacks 0.54 0.54 10.0 1.24 0.50 4.20 

Engine exhaust emissions from onsite transfer vehicles (OSTVs) used for transfer 
of cylinders to and from the outdoor cylinder storage pads 

0.64 0.62 3.12 0.00 0.20 4.13 

Engine exhaust emissions from diesel engine truck used to transfer product 
cylinders to onsite Fuel Manufacturing Operations (FMO) facility 

0.001 0.001 0.03 0.0001 0.003 0.007 

Engine exhaust emissions from onsite gasoline engine automobile traffic  0.10 0.10 1.53 0.03 1.91 46.9 

Engine exhaust emissions from onsite diesel engine truck traffic 0.06 0.06 1.57 0.01 0.14 0.38 

TOTAL 13.9 13.9 16.2 1.28 2.75 55.6 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Start-up and Final Construction Activities 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.61 0.60 9.3 0.16 11.7 285.9 

Diesel engine truck traffic 3.71 3.60 95.7 0.36 8.3 22.9 

TOTAL 4.33 4.20 105.0 0.52 20.0 308.8 
a NA = not applicable. 
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Table E-12  Estimated Average Annual Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Start-up and Final Construction 

Average Annual Onsite Air Emissions Associated with Start-up and Final Construction Activities 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Stationary source emissions from main GLE Facility operations building stack vent ~0 ~0 0 0 0 0 

Stationary source emissions from mechanical-draft cooling towers 2.3 2.3 NAa NA NA NA 

Stationary source emissions from auxiliary diesel generator unit exhaust stacks 0.06 0.06 1.20 0.15 0.06 0.50 

Engine exhaust emissions from onsite transfer vehicles (OSTVs) used for transfer of 
cylinders to and from the outdoor cylinder storage pads 

0.12 0.11 0.57 0.001 0.04 0.75 

Engine exhaust emissions from diesel engine truck used to transfer product 
cylinders to onsite Fuel Manufacturing Operations (FMO) facility 

~0 ~0 ~0 ~0 ~0 ~0 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.02 0.02 0.28 0.005 0.35 8.6 

Engine exhaust emissions from onsite diesel engine truck traffic 0.01 0.01 0.29 0.001 0.02 0.07 

TOTAL 2.51 2.51 2.33 0.16 0.47 9.9 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Start-up and Final Construction Activities 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.11 0.11 1.70 0.03 2.13 52.2 

Diesel engine truck traffic 0.68 0.66 17.5 0.07 1.51 4.18 

TOTAL 0.79 0.77 19.2 0.10 3.64 56.4 
a NA =  not applicable. 
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Table E-13  Estimated Average Daily Criteria Air Pollutant and VOC Emissions at the Proposed GLE 

Facility During Operations 

Average Daily Onsite Air Emissions Associated with Operations  

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Stationary source emissions from main GLE Facility operations building stack vent ~0 ~0 0 0 0 0 

Stationary source emissions from mechanical-draft cooling towers 12.6 12.6 NAa NA NA NA 

Stationary source emissions from auxiliary diesel generator unit exhaust stacks 0.54 0.54 10.0 1.24 0.50 4.20 

Engine exhaust emissions from onsite transfer vehicles (OSTVs) used for transfer of 
cylinders to and from the outdoor cylinder storage pads 

0.64 0.62 3.12 0.00 0.20 4.13 

Engine exhaust emissions from diesel engine truck used to transfer product 
cylinders to onsite Fuel Manufacturing Operations (FMO) facility 

0.001 0.001 0.03 0.0001 0.003 0.007 

Engine exhaust emissions from onsite gasoline engine automobile traffic 0.06 0.06 0.72 0.02 0.96 26.4 

Engine exhaust emissions from onsite diesel engine truck traffic 0.04 0.04 0.60 0.003 0.07 0.16 

TOTAL 13.9 13.9 14.5 1.26 1.74 34.9 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Operations 

 Average Daily Emissions (lb/day) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.36 0.35 4.37 0.10 5.87 161.1 

Diesel engine truck traffic 2.20 2.14 36.8 0.21 4.52 9.47 

TOTAL 2.57 2.49 41.2 0.31 10.4 170.6 
a NA = not applicable. 
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Table E-14  Estimated Average Annual Criteria Air Pollutant and VOC Emissions at the Proposed GLE Facility 

During Operations 

Average Daily Onsite Air Emissions Associated with Operations 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Stationary source emissions from main GLE Facility operations building stack vent ~0 ~0 0 0 0 0 

Stationary source emissions from mechanical-draft cooling towers 2.30 2.30 NAa NA NA NA 

Stationary source emissions from auxiliary diesel generator unit exhaust stacks 0.06 0.06 1.20 0.15 0.06 0.50 

Engine exhaust emissions from onsite transfer vehicles (OSTVs) used for transfer of 
cylinders to and from the outdoor cylinder storage pads 

0.12 0.11 0.57 0.001 0.04 0.75 

Engine exhaust emissions from diesel engine truck used to transfer product 
cylinders to onsite Fuel Manufacturing Operations (FMO) facility 

~0 ~0 ~0 ~0 ~0 ~0 

Engine exhaust emissions from onsite gasoline engine automobile 0.01 0.01 0.13 0.00 0.18 4.82 

Engine exhaust emissions from onsite diesel engine truck traffic 0.01 0.01 0.11 0.001 0.01 0.03 

TOTAL 2.50 2.50 2.01 0.15 0.29 6.11 

Average Daily Offsite Air Emissions from Vehicle Traffic Traveling on Roadways to and from the Proposed GLE Facility Associated with 
Operations 

 Average Annual Emissions (ton/yr) 

Air Emission Source PM10 PM2.5 NOx SO2 VOC CO 

Gasoline engine automobile traffic 0.07 0.06 0.80 0.02 1.07 29.4 

Diesel engine truck traffic 0.40 0.39 6.71 0.04 0.82 1.73 

TOTAL 0.47 0.45 7.51 0.06 1.90 31.1 
a NA = not applicable. 
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Table E-15  Meteorological Data Information Used for AERMET 

Station Name Station ID Location 
(lat/long) 

Elevation 
(m) 

File 
Format 

Anemometer 
Height (m) 

Distance & Direction 
from the Proposed 

GLE Facilitya 
Notes 

Surface 
Wilmington/ 
Hanover County 
Airport 

ILM 
USAF: 723013 
WBAN: 13748 

34.267N 
77.900W 

9 ISD 
(DS3505) 

10 5 mi southeast NAb 

Upper Air 
Charleston, SC 

CHS 
WBAN: 13880 
WMO: 72208 

32.90N 
80.03W 

15 FSL NA 155 mi southwest NA 

Onsite 
Horticultural Crops 
Research Station 

CAST 34.321N 
77.916W 

13 NA 10 2 mi east Wind sensor 
threshold = 1.0 m/s 

a Longitude, latitude, and elevation for the center of the proposed GLE Facility are: 34.335N, 77.947W, and 7 m. 
b NA = not applicable. 
Sources: Frazier, 2009; NCDC, 2009b; NOAA, 2009. 
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Figure E-1  Wind Rose (10-m [33-ft] Level) for the Horticultural Crops Research Station 

(CAST) in Castle Hayne, North Carolina, 2005–2008 (Frazier, 2009) 
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APPENDIX F 

SOCIOECONOMIC ANALYSIS METHODS 

 
This appendix describes the methods used to estimate the socioeconomic impacts of 
preconstruction and construction, operations, and decommissioning of the proposed General 
Electric (GE)-Hitachi Global Laser Enrichment LLC (GLE) Facility.  Impacts are evaluated for 
the area in which the majority of the proposed GLE Facility permanent employees are expected 
to live and spend their wages and salaries.  This area, referred to as the region of influence 
(ROI) in this appendix, includes New Hanover County, Brunswick County, and Pender County.  
The ROI corresponds to the Wilmington Metropolitan Statistical Area (MSA), which is expected 
to be the primary source of labor for each phase of the proposed GLE Facility (GLE, 2008). 
 
The socioeconomic analysis was divided into four main areas of impact: (1) site employment 
data during preconstruction and construction, start-up, operations, and decommissioning were 
used to estimate direct and indirect economic impacts; (2) the impact on direct State and local 
tax revenues was considered; (3) the number of in-migrating workers required to fill onsite job 
positions during each project phase, and associated family members, was estimated based on 
information gathered from local economic development agencies; and (4) the resulting housing 
and local community service employment impacts were estimated. 
 
F.1 Economic and Fiscal Impacts 

 
Employment and income impacts include both direct and indirect employment and income 
associated with the various phases of GLE Facility development.  Direct employment and 
income are created by employing workers at the proposed GLE facility, while indirect 
employment and income are created in the ROI by GLE Facility workers spending their wages 
and salaries.  New jobs and income (indirect) are also created in the ROI from the purchase of 
materials, equipment, and services by the proposed GLE Facility, as well as other expenditures.  
Direct employment and income are estimated based on anticipated labor and salaries for the 
various activities associated with each phase of the proposed action.  The indirect impact of the 
proposed GLE Facility on regional employment and income is based on the use of regional 
economic multipliers.  Multipliers capture the indirect (offsite) effects of onsite activities 
associated with construction and operation of an activity or event. 
 
Multipliers were taken from the Impact Analysis for Planning (IMPLAN) input-output model.  
These multipliers take into account the flow of commodities to industries from producers and 
institutional consumers in the various sectors in the economy of the ROI.  The IMPLAN model 
contains 528 sectors representing various industries including agriculture, mining, construction, 
manufacturing, wholesale and retail trade, utilities, finance, insurance and real estate, and 
consumer and business services.   
 
Estimates of the indirect impacts used Social Accounting Matrix (SAM) IMPLAN multipliers, 
which measure the total (direct plus indirect) impact of facility employment on ROI output, 
income, and employment.  Multipliers associated with each major expenditure category (for 
example, separator equipment, process building and offices, laser equipment, utilities, spare 
parts, construction payroll) are multiplied by the relevant direct employment number, with the 
resulting total impacts in each category to produce the overall impact of each phase of the 
proposed facility.  
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State income tax revenue impacts are estimated by applying State income tax rates to 
construction and operations earnings.  State and local sales tax revenues are estimated by 
applying appropriate tax rates to after-tax income generated by construction and operations 
employees. 
 
F.2 Impacts on Population 

 
With preconstruction, construction, operation, and decommissioning of the proposed GLE 
Facility, a number of workers along with their families could migrate into the ROI, either 
temporarily or permanently.  The capacity of regional labor markets to produce sufficient 
numbers of workers in the appropriate occupations required for facility construction and 
operation is closely related to the occupational profile of the ROI and occupational 
unemployment rates.  Although the ROI corresponds to the Wilmington MSA, which is expected 
to be the primary source of labor for the proposed GLE Facility, some in-migration of workers 
into the ROI, either temporarily or permanently, is expected during each phase of the proposed 
GLE Facility.  The number of in-migrating workers was based on interviews with local economic 
development officials, and was based on estimates of available labor in each labor category.  
The analysis used a range for in-migration during each phase of the proposed project.  Sixty-
five percent of in-migrating workers were assumed to be accompanied by families consisting of 
an additional adult and at least one school-age child (GLE, 2008).  The national average 
household size was used to calculate the number of additional family members that would 
accompany direct and indirect in-migrating workers. 
 
F.3 Impacts on Local Housing Markets 

 
The analysis considered the impacts on local housing markets by estimating the increase in 
demand for rental housing units in the peak year of construction and for owner-occupied units in 
the first year of operation.  Housing demand was determined by estimating the number of rental 
units required in the peak year of construction, and the number of owner-occupied units 
required in the first year of operation.  The relative impact on local housing markets in the ROI 
was determined by comparing GLE-related housing demand to the forecasted number of vacant 
rental housing units in the peak year of construction, and the forecasted number of vacant 
owner-occupied units in the first year of operations.  Forecasts are based on data provided by 
the U.S. Census Bureau. 
 
F.4 Impacts on Community Services 

 
The impacts of the proposed GLE Facility on community service employment are estimated for 
the ROI counties in which the majority of new workers would locate.  Using the estimates of the 
number of in-migrating workers and families, the analysis calculates the number of new police 
officers, firefighters, and general government employees required to maintain the existing levels 
of service for each community service.  Calculations were based on the existing number of 
community service employees per 1000 population for each service.  The analysis of the impact 
on educational employment estimated the number of teachers in each school district required to 
maintain existing teacher-student ratios across all student age groups.  Information on existing 
employment and levels of service was collected from the individual jurisdictions. 
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APPENDIX G 

ENVIRONMENTAL JUSTICE DATA  

 
Under Executive Order (EO) 12898 (59 FR 7629), Federal agencies are responsible for 
identifying and addressing, as appropriate, disproportionately high and adverse human health 
and environmental impacts on minority and low-income populations.  In 2004, the Commission 
issued a Policy Statement on the Treatment of Environmental Justice Matters in NRC 
Regulatory and Licensing Actions (69 FR 52040), which states, “The Commission is committed 
to the general goals set forth in EO 12898, and strives to meet those goals as part of its NEPA 
review process.” 
 
This appendix contains a brief description of methods and definitions, and provides the data 
used to assess the potential for disproportionately high and adverse human health or 
environmental effects on minority and/or low-income populations resulting from the 
preconstruction and construction, operation, and decommissioning of the proposed General 
Electric (GE)-Hitachi Global Laser Enrichment LLC (GLE) Facility. 
 
The assessment method consists of three parts: (1) the geographic distribution of low-income 
and minority populations in the affected area is described using data from the 2000 
U.S. Census; (2) based on data provided on the health and environmental impacts of the 
proposed facility presented in Sections 4.2.1 through 4.2.18, an assessment is made as to 
whether the impacts of facility construction and operation would produce impacts that are high 
and adverse; and (3) if impacts are high and adverse, a determination is made as to whether 
these impacts disproportionately affect minority and low-income populations. 
 
The Council of Environmental Quality (CEQ) provides the following information in Environmental 
Justice: Guidance Under the National Environmental Policy Act (CEQ, 1997).  The criteria used 
for data analysis were based on guidance provided in Appendix C of NUREG-1748, 
Environmental Review Guidance for Licensing Actions Associated with NMSS Programs 
(NRC, 2003). 
 
G.1 Disproportionately High and Adverse Human Health Effects 

 
Adverse health effects are measured in risks and rates that could result in latent cancer 
fatalities, as well as other fatal or nonfatal adverse impacts on human health.  Adverse health 
effects may include bodily impairment, infirmity, illness, or death.  Disproportionately high and 
adverse human health effects occur when the risk or rate of exposure to an environmental 
hazard for a minority or low-income population is significant (as employed by the National 
Environmental Policy Act [NEPA]) and appreciably exceeds the risk or exposure rate for the 
general population or for another appropriate comparison group (CEQ, 1997). 
 
G.2 Disproportionately High and Adverse Environmental Effects 

 
A disproportionately high and adverse environmental effect refers to an impact or risk of an 
impact on the natural or physical environment that significantly (as employed by NEPA) and 
adversely affects a low-income or minority community or Indian Tribe, and that appreciably 
exceeds the environmental impact on the general population or another appropriate comparison 
group.  Such effects may include ecological, cultural, human health, economic, or social impacts  
(CEQ, 1997).  
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The criteria used for data analysis were based on guidance provided in Appendix C of NUREG-
1748, Environmental Review Guidance for Licensing Actions Associated with NMSS Programs 
(NRC, 2003).  In assessing the impacts, the following definitions of minority individuals and 
populations and low-income population were used (CEQ, 1997). 
 
G.3 Minority Individuals  

 
These are individuals who identify themselves as members of the following population groups: 
Hispanic or Latino, American Indian or Alaska Native, Asian, Black or African American, Native 
Hawaiian or Other Pacific Islander, or two or more races, meaning individuals who identified 
themselves on a Census form as being a member of two or more races, for example, Hispanic 
and Asian. 
 
G.4 Minority Populations  

 
Minority populations are identified when (1) the minority population of an affected area exceeds 
50 percent or (2) the minority population percentage of the affected area is meaningfully greater 
than the minority population percentage in the general population or other appropriate unit of 
geographic analysis. 
 
G.5 Low-income Population 

 
Low-income populations in an affected area are identified with the annual statistical poverty 
thresholds from the Census Bureau’s Current Population Reports, Series P60, on Income and 
Poverty. 
 
Tables G-1 through G-4 present detailed Census data for the environmental justice analysis at 
the State, county, and Census block group level for 2000 (USCB, 2009).  The criteria for 
defining minority and low-income populations are described in Sections 3.14.1 and 3.14.2.  
ArcView® geographic information system software was used to determine minority and low-
income characteristics by block group.  Minority and low-income data are shown for all block 
groups that lay partially or completely within 6.4 kilometers (4 miles) of the proposed GLE 
Facility site.  Census block groups exceeding minority or low-income criteria are shown in bold. 
 

Table G-1  State and County Minority Population Totals 

Location Total 
Population 

Minority 
Population 

Percent 
Minority 

North Carolina 8,049,313 2,623,620 32.6 

Brunswick County 73,143 14,903 20.4 

New Hanover County 160,307 35,485 22.1 

Pender County 41,082 12,696 30.9 

Source: USCB, 2009. 
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Table G-2  Census Block Group Minority Population Totals 

Location County Total 
Population 

Minority 
Population 

Percent 
Minority 

Census Tract 020100, 
Census Block Group 1 

Brunswick 2030 926 45.6 

Census Tract 011500, 
Census Block Group 1 

New Hanover 2172 404 18.6 

Census Tract 011500, 
Census Block Group 2 

New Hanover 1699 182 10.7 

Census Tract 011500, 
Census Block Group 3 

New Hanover 495 47 9.5 

Census Tract 011500, 
Census Block Group 4 

New Hanover 974 98 10.1 

Census Tract 011500, 
Census Block Group 5 

New Hanover 1985 1219 61.4 

Census Tract 011603, 
Census Block Group 1 

New Hanover 1076 389 36.2 

Census Tract 011603, 
Census Block Group 2 

New Hanover 3286 616 18.7 

Census Tract 011603, 
Census Block Group 3 

New Hanover 1429 547 38.3 

Census Tract 011604, 
Census Block Group 1 

New Hanover 134 39 29.1 

Census Tract 011604, 
Census Block Group 2 

New Hanover 2475 340 13.7 

Census Tract 980500, 
Census Block Group 4 

Pender 1949 683 35.0 

Census Tract 980600, 
Census Block Group 1 

Pender 800 404 50.5 

Census Tract 980600, 
Census Block Group 2 

Pender 4981 1235 24.8 

Census Tract 980600,  
Census Block Group 3 

Pender 1271 431 33.9 

Source: USCB, 2009. 
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Table G-3  State and County Low-Income Population Totals 

Location Total 
Population 

Low-Income 
Population 

Percent 
Low-Income 

North Carolina 8,049,313 958,667 12.3 

Brunswick County 73,143 9095 12.6 

New Hanover County 160,307 20,445 13.1 

Pender County 41,082 5429 13.6 

Source: USCB, 2009. 
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Table G-4  Census Block Group Low-Income Population Totals 

Location County Total 
Population 

Low-Income 
Population 

Percent 
Low-

Income 

Census Tract 020100, 
Census Block Group 1 

Brunswick 1952 283 14.5 

Census Tract 011500, 
Census Block Group 1 

New Hanover 2168 146 6.7 

Census Tract 011500, 
Census Block Group 2 

New Hanover 1665 139 8.3 

Census Tract 011500, 
Census Block Group 3 

New Hanover 494 8 1.6 

Census Tract 011500, 
Census Block Group 4 

New Hanover 957 79 8.3 

Census Tract 011500, 
Census Block Group 5 

New Hanover 2016 324 16.1 

Census Tract 011603, 
Census Block Group 1 

New Hanover 1054 76 7.2 

Census Tract 011603, 
Census Block Group 2 

New Hanover 3285 258 7.9 

Census Tract 011603, 
Census Block Group 3 

New Hanover 1012 171 16.9 

Census Tract 011604, 
Census Block Group 1 

New Hanover 155 29 18.7 

Census Tract 011604, 
Census Block Group 2 

New Hanover 2411 258 10.7 

Census Tract 980500, 
Census Block Group 4 

Pender 1932 231 12.0 

Census Tract 980600, 
Census Block Group 1 

Pender 826 302 36.6 

Census Tract 980600, 
Census Block Group 2 

Pender 4958 789 15.9 

Census Tract 980600, 
Census Block Group 3 

Pender 1232 108 8.8 

Source: USCB, 2009. 
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APPENDIX I 

GLOSSARY 

 
 
Air pollutant:  Any substance in the air which could, if in high enough concentration, harm 
humans, other animals, vegetation, or material.  Pollutants may include almost any natural or 
artificial composition of matter capable of being airborne. 
 
Air quality:  A measure of the quantity of pollutants, measured individually, in the air.  These 
levels are often compared to regulatory standards. 
 
ALARA:  Acronym for “As Low As (is) Reasonably Achievable.”  An approach to keep radiation 
exposures (both to the workforce and the public) and releases of radioactive material to the 
environment at levels that are as low as social, technical, economic, practical, and public policy 
considerations allow.  ALARA is not a dose limit; it is a practice whose objective is the 
attainment of dose levels as far below applicable limits as possible. 
 
Alluvium:  Loose gravel, sand, silt, or clay deposited by streams or running water. 
 
Alpha particle:  A positively charged particle ejected spontaneously from the nuclei of some 
radioactive elements.  It is identical to a helium nucleus that has a mass number of 4 and an 
electrostatic charge of +2.  It has low penetrating power and a short range (a few centimeters in 
air).   
 
Ambient Air Quality Standards:  Standards established on a State or Federal level, that define 
the limits for airborne concentrations of designated “criteria” pollutants (sulfur dioxide, nitrogen 
dioxide, carbon monoxide, ozone, particulate matter [PM10 and PM2.5], and lead), to protect 
public health with an adequate margin of safety (primary standards) and to protect public 
welfare, including plant and animal life, visibility, and materials (secondary standards). 
 
Aquifer:  A permeable body of rock capable of yielding quantities of groundwater to wells and 
springs. 
 
Archaeology:  The science devoted to the study of historic or prehistoric peoples and their 
cultures by analysis of their artifacts, inscriptions, monuments, and other such remains. 
 
Area of potential effects:  The geographic area or areas within which an undertaking may 
directly or indirectly cause alterations in the character or use of historic properties, if any such 
properties exist.  The area of potential effects is influenced by the scale and nature of an 
undertaking and may be different for different kinds of effects caused by the undertaking 
(see 36 CFR 800.16). 
 
Assay:  The qualitative or quantitative analysis of a substance, often used to determine the 
proportion of isotopes in radioactive materials. 
 
Attainment area:  A region that meets the U.S. Environmental Protection Agency National 
Ambient Air Quality Standards (NAAQS) for a criteria pollutant under the Clean Air Act. 
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Background radiation:  Radiation from cosmic sources, naturally occurring radioactive 
materials, including radon (except as a decay product of source or special nuclear material), 
and global fallout as it exists in the environment from the testing of nuclear explosive devices.  It 
does not include radiation from source, byproduct, or special nuclear materials regulated by the 
Nuclear Regulatory Commission.  The typically quoted average individual exposure from 
background radiation is 3.6 millisieverts per year (360 millirems per year). 
 
Becquerel (Bq):  A unit used to measure radioactivity.  One Becquerel is that quantity of a 
radioactive material that will have one transformation in one second.  There are 3.7  1010 Bq in 
one curie (Ci). 
 
Best Management Practices (BMPs):  Structural, nonstructural, and managerial techniques 
recognized to be the most effective and practical means to reduce surface water and 
groundwater contamination while still allowing the productive use of resources. 
 
Beta particle:  A charged particle emitted from a nucleus during radioactive decay, with a mass 
equal to 1/1837 that of a proton.  A negatively charged beta particle is identical to an electron.  
A positively charged beta particle is called a positron.  Beta particles may be stopped by thin 
sheets of metal or plastic. 
 
Bound:  To estimate or describe a lower or upper limit on a potential environmental or health 
consequence when uncertainty exists. 
 
Buffer area:  A designated area of land that is designed to permanently remain vegetated in an 
undisturbed and natural condition in order to protect an adjacent aquatic or wetland site from 
upland impacts and to provide habitat for wildlife. 
 
Byproduct material:  The tailings or wastes produced by the extraction or concentration of 
uranium or thorium from any ore processed primarily for its source material content.  See also, 
Source Material. 
 
Carbon monoxide (CO):  An odorless, colorless, poisonous gas produced by incomplete 
burning of carbon in fuels. 
 
Census tract:  An area usually containing between 2500 and 8000 persons that is used for 
organizing and monitoring census data.  The geographic dimensions of Census tracts vary 
widely, depending on population density.  Census tracts do not cross county borders. 
 
Climatology:  The science devoted to the study of the conditions of the natural environment 
(rainfall, daylight, temperature, humidity, air movement) prevailing in specific regions of the 
earth. 
 
Contamination:  Undesired radioactive material that is deposited on the surface of, or inside 
structures, areas, objects, or people. 
 
Cooling water:  Water circulated through a nuclear reactor or processing plant to remove heat. 
 
Cost-benefit analysis:  A formal quantitative procedure comparing costs and benefits of a 
proposed project or act under a set of preestablished rules. 
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Criteria pollutants:  Common air pollutants for which National Ambient Air Quality Standards 
have been established by the U.S. Environmental Protection Agency under Title I of the Clean 
Air Act (42 U.S.C. 7401 et seq.).  Criteria pollutants include sulfur dioxide, nitrogen oxides, 
carbon monoxide, ozone, particulate matter (PM10 and PM2.5), and lead.  Standards for these 
pollutants were developed on the basis of scientific knowledge about their health effects. 
 
Critical habitat:  Specific areas within the geographical range of an endangered species that is 
formally designated by the U.S. Fish and Wildlife Service under the Endangered Species Act 
(16 U.S.C. 1531 et seq.) as essential for conservation. 
 
Cumulative impacts:  Potential impacts when the proposed action is added to other past, 
present, and reasonable foreseeable future actions.  Cumulative impacts can result from 
individually minor but collectively significant actions taking place over a period of time. 
 
Curie (Ci):  The basic unit used to describe the intensity of radioactivity in a sample of material.  
The curie is equal to 37 billion (3.7  1010) disintegrations per second, which is approximately 
the activity of 1 gram (0.035 ounces) of radium.  A curie is also a quantity of any radionuclide 
that decays at a rate of 37 billion disintegrations per second. 
 
Day-Night Average Sound Level (DNL or Ldn):  DNL is a noise metric combining the levels 
and durations of noise events and the number of events over an extended time period.  It is a 
cumulative average computed over a set of 24-hour periods to represent total noise exposure.  
DNL also accounts for more intrusive night time noise, adding a 10 decibel penalty for sounds 
after 10:00 p.m. and before 7:00 a.m. 
 
Decibel (dB):  A standard unit for measuring sound-pressure levels based on a reference 
sound pressure of 0.0002 dyne per square centimeter.  This is the smallest sound a human can 
hear.  In general, a sound doubles in loudness with every increase of about 10 decibels. 
 
Decibel, A-weighted (dBA):  A number representing the sound level which is frequency-
weighted according to a prescribed frequency response established by the American National 
Standards Institute and accounts for the response of the human ear. 
 
Decommissioning:  The process of closing down a facility followed by reducing residual 
radioactivity to a level that permits the release of the property for unrestricted use 
(see 10 CFR 20.1003). 
 
Decontamination:  The reduction or removal of contaminating radioactive material from a 
structure, area, object, or person.  Decontamination may be accomplished by (1) treating the 
surface to remove or decrease the contamination, (2) letting the material stand so that the 
radioactivity is decreased as a result of natural radioactive decay, or (3) covering the 
contamination to shield or attenuate the radiation emitted (see 10 CFR 20.1003 and 20.1402). 
 
Depleted uranium:  Uranium having a percentage of uranium-235 smaller than the 0.7 percent 
found in natural uranium.  It is obtained from spent (used) fuel elements or as byproduct tails, or 
residues, from uranium isotope separation. 
 
Depleted uranium hexafluoride (depleted UF6):  Uranium hexafluoride from which most of the 
uranium-235 isotope has been removed. 
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Direct jobs:  The number of workers required at a site to implement an alternative. 
 
Dose:  The absorbed dose, given in rads (or in the International Systems of Units [SI], grays), 
that represents the energy absorbed from the radiation in a gram of any material.  Furthermore, 
the biological dose or dose equivalent, given in rem or sieverts, is a measure of the biological 
damage to living tissue from radiation exposure. 
 
Dosimetry:  The theory and application of the principles and techniques involved in the 
measurement and recording of radiation doses.  Its practical aspect is concerned with the use of 
various types of radiation instruments with which measurements are made (i.e., film badge, 
thermoluminescent dosimeter, and Geiger counter). 
 
Ecological resources:  Terrestrial, wetland, and aquatic resources that could be affected, with 
particular attention to species protected by the Federal government and State-listed species and 
habitats of special concern. 
 
Ecoregion:  An area having a general similarity in ecosystems and characterized by the spatial 
patterning and composition of biotic and abiotic features, including vegetation, wildlife, geology, 
physiography (patterns of terrain or land forms), climate, soils, land use, and hydrology, such 
that within an ecoregion, there is a similarity in the type, quality, and quantity of environmental 
resources present. 
 
Effluent:  A gas or fluid discharged into the environment, treated or untreated.  Most frequently, 
the term applies to wastes discharged to surface waters. 
 
Emissions:  Substances that are discharged into the air. 
 
Endangered species:  Any species (plant or animal) that is in danger of extinction throughout 
all or a significant part of its range.  Requirements for determining whether a species is 
endangered are found in the Endangered Species Act (16 U.S.C. 1531 et seq.). 
 
Erosion:  The wearing away of the land surface by wind, water, ice, or other geologic agents.  
Erosion occurs naturally from weather or runoff but is often intensified by human land use 
practices. 
 
Exposure:  Being exposed to ionizing radiation or to radioactive material. 
 
Exposure pathways:  A route or sequence of processes by which a radioactive or hazardous 
material may move through the environment to humans or other organisms.  Each exposure 
pathway includes a source or release from a source, an exposure point, and an exposure route. 
 
Fissile:  A radionuclide that is capable of undergoing fission after capturing low-energy thermal 
(slow) neutrons.  The three primary fissile materials are uranium-233, uranium-235, and 
plutonium-239. 
 
Floodplain:  Low-lying areas adjacent to rivers and streams that are subject to natural 
inundations typically associated with precipitation. 
 

http://www.nrc.gov/reading-rm/basic-ref/glossary/nuclide.html
http://www.nrc.gov/reading-rm/basic-ref/glossary/fission-fissioning.html
http://www.nrc.gov/reading-rm/basic-ref/glossary/neutron.html


  Appendix I 

February 2012 I-5 NUREG-1938 

Fuel cycle:  The series of steps involved in supplying fuel for nuclear power reactors.  It can 
include mining, milling, isotopic enrichment, fabrication of fuel elements, use in a reactor, 
chemical reprocessing to recover the fissionable material remaining in the spent fuel, 
reenrichment of the fuel material, refabrication into new fuel elements, and waste disposal. 
 
Fugitive Dust:  Any solid particulate matter (PM) that becomes airborne, other than that emitted 
from an exhaust stack, directly or indirectly as a result of the activities of man.  Fugitive dust 
may include emissions from haul roads, wind erosion of exposed soil surfaces, and other 
activities in which soil is either removed or redistributed. 
 
Geology and soils:  Those earth resources that may be described in terms of landforms, 
geology, and soil conditions. 
 
Gray (Gy):  The international system (SI) unit of absorbed dose.  One gray is equal to an 
absorbed dose of 1 Joule/kilogram (one gray equals 100 rads) (see 10 CFR 20.1004). 
 
Greenhouse gases (GHGs):  Gases that absorb outgoing infrared radiation emitted by the 
earth’s surface and trap heat in the atmosphere. 
 
Groundwater:  Water, both fresh and saline, that is stored below the earth’s surface in pores, 
cracks, and crevices below the water table. 
 
Hazardous Air Pollutants (HAPs):  A group of 188 chemicals identified in the 1990 Clean Air 
Act Amendments (42 U.S.C. 7401 et seq.). 
 
Hazardous waste:  As defined in the Resource Conservation and Recovery Act 
(42 U.S.C. 6901 et seq.), is “a solid waste, or combination of solid wastes, which, because of its 
quantity, concentration, or physical, chemical, or infectious characteristics, may (A) cause, or 
significantly contribute to an increase in mortality or an increase in serious irreversible, or 
incapacitating reversible illness, or (B) pose a substantial present or potential hazard to human 
health or the environment when improperly treated, stored, transported, or disposed of, or 
otherwise managed.”   
 
Hectare (ha):  Metric unit of surface or land, equivalent to 10,000 square meters or 2.471 acres. 
 
Heels:  In the uranium enrichment process, heels refers to the residual solid uranium 
hexafluoride left after the feed rate declines to a predetermined level. 
 
Highly enriched uranium (HEU):  Uranium enriched in the isotope uranium-235 to 20 percent 
or above. 
 
Holding ponds:  Engineered depressions in the land that contain storm-water runoff until it can 
slowly seep back into the ground or evaporate. 
 
Hydrogen fluoride (HF):  Chemical compound formed from the conversion of uranium 
hexafluoride (UF6) to uranyl fluoride (UO2F2) upon contact of UF6 emissions with water vapor in 
air. 
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Hydrology:  The science devoted to the study of the occurrence, circulation, distribution, and 
properties of the waters of the earth and its atmosphere. 
 
Impacts:  An assessment of the meaning of changes in all attributes being studied for a given 
resource, usually measured using a qualitative and nominally subjective technique. 
 
Indirect jobs:  Jobs generated or lost in related industries within a regional economic area as a 
result of a change in direct employment. 
 
Ingestion:  To take in by mouth.  Material that is ingested enters the digestive system. 
 
Inhalation:  To take in by breathing.  Material that is inhaled enters the lungs. 
 
Isotope:  Any two or more forms of an element having identical or very closely related chemical 
properties and the same atomic number but different atomic weights or mass numbers. 
 
Land Use:  The way land is developed and used in terms of the kinds of human-related 
activities that occur (e.g., agriculture, residential areas, industrial areas). 
 
Lead (Pb):  A naturally occurring heavy metal element formerly added to gasoline and paint for 
improved performance characteristics.  Lead can be inhaled and ingested in food, water, soil, or 
dust. 
 
Low-enriched uranium (LEU):  Uranium enriched in the isotope uranium-235, greater than 
0.7 percent but less than 20 percent of the total mass.  Naturally occurring uranium contains 
about 0.7 percent uranium-235, almost all the rest is uranium-238. 
 
Low-level mixed waste:  Low-level radioactive waste that also contains hazardous chemical 
components regulated under the Resource Conservation and Recovery Act 
(42 U.S.C. 6901 et seq.). 
 
Low-level radioactive waste (LLRW):  As defined in the Low-Level Radioactive Waste Policy 
Act, as amended (42 U.S.C. 2021 et seq.), low-level radioactive waste means radioactive 
material that is “not  high-level radioactive waste, spent nuclear fuel, or byproduct material” as 
byproduct material is defined in the Atomic Energy Act (42 U.S.C. 2011 et seq.) 
 
Maximally exposed individual (MEI):  A hypothetical person who – because of proximity, 
activities, or living habits – could receive the highest possible dose of radiation or of a 
hazardous chemical from a given event or process. 
 
Mercury (Hg):  A naturally-occurring heavy metal element found in air, water, and soil.  Mercury 
is listed as a hazardous air pollutant (HAP). 
 
Meteorology:  The science dealing with the atmosphere and its phenomena, especially as they 
relate to weather. 
 
Microcurie ( Ci):  One millionth of a curie.  That amount of radioactive material that 
disintegrates (decays) at the rate of 37 thousand atoms per second. 
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Mitigation:  A series of actions implemented to ensure that projected impacts will result in no 
net loss of habitat value or wildlife populations.  The purpose of mitigative actions is to avoid, 
minimize, rectify, or compensate for any adverse environmental impact. 
 
Millirem (mrem):  One thousandth of a rem (0.001 rem). 
 
Millisievert (mSv):  One thousandth of a sievert (0.001 Sv); equivalent to 100 millirem. 
 
Mixing height:  The height above the earth’s surface through which relatively strong vertical 
mixing of the atmosphere occurs. 
 
Nitrogen dioxide (NO2):  A brownish, highly reactive gas that is present in all urban 
atmospheres.  The major mechanism for the formation of nitrogen dioxide in the atmosphere is 
the oxidation of the primary air pollutant nitric oxide. 
 
Nitrogen oxides (NOx):  Nitrogen oxides form when fuel is burned at high temperatures.   
 
Nonattainment Areas:  An area that has been designated by the Environmental Protection 
Agency, or the appropriate state air quality agency, as exceeding one or more national or State 
Ambient Air Quality Standards. 
 
Normal operations:  Conditions during which facilities and processes operate as expected or 
designed.  In general, normal operations include the occurrence of some infrequent events that, 
although not considered routine, are not classified as accidents. 
 
Ozone (O3):  A photochemical (formed in chemical reactions between volatile organic 
compounds and nitrogen oxides in the presence of sunlight) oxidant. 
 
Outfall:  The place where effluent is discharged into receiving waters. 
 
Particulate matter (PM):  Materials such as dust, dirt, soot, smoke, and liquid droplets that are 
emitted into the air by sources such as factories, power plants, cars, construction activity, fires, 
and natural windblown dust.  Commonly expressed as PM10 or PM2.5, signifying particles with 
aerodynamic diameter of less than 10 micrometers and 2.5 micrometers, respectively. 
 
Personnel monitoring:  The use of portable survey meters to determine the amount of 
radioactive contamination on individuals; or, the use of dosimetry to determine an individual’s 
occupational radiation dose. 
 
Point source:  A source of effluents that is small enough in dimension that it can be treated as 
if it were a point.  A point source can be either a continuous source or a source that emits 
effluents only in puffs for a short time. 
 
Pollutant:  Any material entering the environment that has undesired effects. 
 
Pollution:  The addition of an undesirable agent to the environment in excess of the rate at 
which natural processes can degrade, assimilate, or disperse it. 
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Pollution prevention:  The use of any process, practice, or product that reduces or eliminates 
the generation and release of pollutants, hazardous substances, contaminants, and wastes, 
including those that protect natural resources through conservation or more efficient utilization. 
 
Prime farmland:  Land with the best combination of physical and chemical characteristics for 
economically producing high yields of food, feed, forage, fiber, and oilseed crops with minimum 
inputs of fuel, fertilizer, pesticides, and labor.  Prime farmland includes cropland, pastureland, 
rangeland, and forestland. 
 
Rad:  The traditional (English) unit for radiation absorbed dose, which is the amount of energy 
from any type of ionizing radiation (e.g., alpha, beta, gamma, neutrons, etc.) deposited in any 
medium (e.g., water, tissue, air).  A dose of one rad means the absorption of 100 ergs (a small 
but measurable amount of energy) per gram of absorbing tissue (100 rad = 1 gray). 
 
Radiation (ionizing radiation):  Alpha particles, beta particles, gamma rays, x-rays, neutrons, 
high-speed electrons, high-speed protons, and other particles capable of producing ions.  
Radiation, as used in 10 CFR Part 20, does not include non-ionizing radiation, such as radio- or 
microwaves, or visible, infrared, or ultraviolet light (see 10 CFR 20.1003). 
 
Radiation standards:  Exposure standards, permissible concentrations, rules for safe handling, 
regulations for transportation, regulations for industrial control of radiation, and control of 
radioactive material by legislative means. 
 
Radioactivity:  The spontaneous decay or disintegration of unstable atomic nuclei, 
accompanied by the emission of radiation.  Eventually the unstable nuclei reach a stable state. 
 
Radionuclide:  An atom that exhibits radioactive properties.  Radionuclides can be man-made 
or naturally occurring, can have a long life, and can have potentially mutagenic or carcinogenic 
effects on the human body. 
 
Region of influence (ROI):  The geographic region based on the area in which workers are 
expected to live and spend most of their salaries, and in which a significant portion of site 
purchase and nonpayroll expenditures from the construction, manufacturing, operation, and 
decommissioning phases are expected to occur.  In this EIS, this region corresponds to the 
Wilmington Metropolitan Statistical Area (MSA), a three-county area comprising Brunswick, 
New Hanover, and Pender Counties.  These three counties cover an area that extends up to 
approximately 80 kilometers (50 miles) from the Wilmington Site. 
 
Rem:  The acronym for roentgen equivalent man, is the traditional (English) unit that measures 
the effects of ionizing radiation on humans.  The dose equivalent in rems is equal to the 
absorbed dose in rads multiplied by the quality factor of the type of radiation 
(see 10 CFR 20.1004). 
 
Remediation:  Action taken to permanently remedy a release, or threatened release, of a 
hazardous or radioactive substance to the environment, instead of or in addition to removal. 
 
Restricted area:  Any area to which access is controlled for the protection of individuals from 
exposure to radiation and radioactive materials. 
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Roentgen:  A traditional (English) unit of exposure to ionizing radiation.  It is the amount of 
gamma or x-rays required to produce ions resulting in a charge of 0.000258 coulombs/kilogram 
of air under standard conditions. 
 
Runoff:  The portion of rainfall that is not absorbed by soil, evaporated, or transpired by plants, 
but finds its way into streams directly or as overland surface flows. 
 
Sanitary/industrial waste:  Nonhazardous, nonradioactive liquid and solid waste generated by 
normal housekeeping activities. 
 
Sediment:  Eroded soil particles that are deposited downhill or downstream by surface runoff. 
 
Separative Work Unit (SWU):  A separative work unit (SWU) is a unit of measurement used in 
the nuclear industry, pertaining to the process of enriching uranium for use as fuel for nuclear 
power plants.  It describes the effort needed to separate uranium-235 and uranium-238 atoms in 
natural uranium to create a final product that is richer in uranium-235 atoms. 
 
Shielding:  Any material or obstruction that absorbs radiation and thus tends to protect 
personnel or materials from the effects of ionizing radiation. 
 
Sievert (Sv):  The metric unit of radiation dose used to express a quantity called equivalent 
dose.  This relates the absorbed dose in human tissue to the effective biological damage of the 
radiation by taking into account the kind of radiation received, the total amount absorbed by the 
body, and the tissues involved.  Not all radiation has the same biological effect, even for the 
same amount of absorbed dose.  One sievert is equivalent to 100 rem. 
 
Site characterization:  An onsite investigation at a known or suspected contaminated waste or 
release site to determine the extent and type(s) of contamination. 
 
Source material:  Uranium or thorium ores containing 0.05 percent uranium or thorium 
regulated under the Atomic Energy Act (42 U.S.C. 2011 et seq.).  In general, this includes all 
materials containing radioactive isotopes in concentrations greater than natural and the 
byproduct (tailings) from the formation of these concentrated materials. 
 
Special nuclear material:  Plutonium, uranium-233, or uranium enriched in the isotopes 
uranium-233 or uranium-235. 
 
Subsidence:  The process of sinking or settling of a land surface due to natural or artificial 
causes. 
 
Sulfur dioxide (SO2):  A gas emitted largely from stationary sources such as coal and oil 
combustion, steel and paper mills, and refineries. 
 
Surface water:  Water located on the surface of the Earth in water bodies such as lakes, rivers, 
streams, ponds, wetlands, and the ocean. 
 
Tails:  In the uranium enrichment process, tails refers to gas with a reduced concentration of 
the uranium-235 isotope. 
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Toxic air pollutants (TAPs):  Toxic air pollutants from created sources.  Many chemicals on a 
State TAPs list may overlap those on the Federal HAPs list, but the State list may include 
additional substances. 
 
Threatened species:  Plant and wildlife species that are likely to become endangered in the 
foreseeable future. 
 
Total effective dose equivalent (TEDE):  The sum of deep-dose equivalent (for external 
exposures) and the committed effective dose equivalent (for internal exposures). 
 
Uranium:  A radioactive element with the atomic number 92 and, as found in natural ores, an 
atomic weight of approximately 238.  The two principal natural isotopes are uranium-235 
(0.7 percent of natural uranium) and uranium-238 (99.3 percent of natural uranium).  Naturally 
occurring uranium also includes a minute amount of uranium-234. 
 
Uranium enrichment:  The process of increasing the percentage of the naturally occurring and 
fissile uranium-235 isotope and decreasing the percentage of uranium-238. 
 
Uranium Hexafluoride (UF6):  The chemical form of uranium used during the uranium 
enrichment process consisting of one atom of uranium and six atoms of fluorine. 
 
Visual Resource Management (VRM):  A process devised by the Bureau of Land 
Management to assess the aesthetic quality of a landscape and to design proposed activities in 
a way that would minimize their visual impact on that landscape.  The process consists of a 
rating of site visual quality followed by a measurement of the degree of contrast between the 
proposed development activities and the existing landscape. 
 
Visual and scenic resources:  Natural or developed landscapes that provide information for an 
individual to develop their perceptions of the area.  The size, type, gradient, scale, and 
continuity of landforms, structures, land use patterns, and vegetation are all contributing factors 
to an area’s visual character and how it is perceived. 
 
Volatile Organic Compounds (VOCs):  Organic compounds that easily evaporate and can 
break down through photochemical reactions. 
 
Waste management:  The planning, coordination, and direction of functions related to 
generation, handling, treatment, storage, transportation, and disposal of waste.  It also includes 
associated pollution prevention and surveillance and maintenance activities. 
 
Waste minimization:  An action that economically avoids or reduces the generation of waste 
by source reduction and recycling; or reduces the toxicity of hazardous waste, improving energy 
usage. 
 
Water resources:  This term includes both freshwater and marine systems, wetlands, 
floodplains, and groundwater. 
 
Well field:  Area containing one or more wells that produce usable amounts of water. 
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Wetlands:  Land or areas exhibiting the following characteristics:  hydric soil conditions; 
saturated or inundated soil during some part of the year and plant species tolerant of such 
conditions; also, areas that are inundated or saturated by surface or groundwater at a frequency 
and duration sufficient to support, under normal circumstances, a prevalence of vegetation 
typically adapted for life in saturated soil conditions.  Wetlands generally include swamps, 
marshes, bogs, and similar areas. 
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APPENDIX J 

PUBLIC COMMENTS ON THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

 
J.1  Introduction 

 
This appendix summarizes the public participation process conducted by the U.S. Nuclear 
Regulatory Commission (NRC) staff for the environmental review and preparation of the 
Environmental Impact Statement (EIS) for the proposed construction, operation, and 
decommissioning of the General Electric (GE)-Hitachi Global Laser Enrichment, LLC, (GLE) 
uranium enrichment facility.  The proposed GLE Facility would be located in the North-Central 
Sector of the existing GE property near Wilmington, North Carolina.  This appendix also 
presents all of the comments received by the NRC on the Draft EIS and the staff’s response to 
those comments.  The NRC has considered and addressed comments received from 
20 commenters (comments from several state agencies were submitted under a single cover, 
and one commenter provided two submittals).  In addition, oral comments were received from 
eight individuals at two public meetings conducted by the NRC on July 22, 2010.  
 
J.2  Public Participation 

 
Public participation is an essential part of the environmental review process under the National 
Environmental Policy Act of 1969, as amended (NEPA).  This section discusses the public 
participation process during the NRC’s development of the EIS for the proposed GLE Facility.  
The NRC conducted an open, public EIS development process consistent with NEPA and the 
NRC's regulations under Title 10 of the U.S. Code of Federal Regulations (10 CFR) Part 51.   
 
J.2.1  Initial Notification and Notice of Formal Proceeding 

 
On December 8, 2008, GLE transmitted a “Request for Exemption from Code of Federal 
Regulations (10 CFR), §§ 51.60(a) and 70.21(h) to Allow Early Submittal of an Environmental 
Report” to the NRC for review and approval.  NRC approved this exemption request on 
January 13, 2009 (NRC, 2009).  GLE submitted its environmental report on January 30, 2009, 
and its license application for the proposed GLE Facility on June 26, 2009 (GLE, 2008; 
GLE, 2009a).  On April 9, 2009, the NRC published a Notice of Intent (NOI) in the Federal 
Register (74 FR 16237) to prepare an EIS for the construction, operation, and decommissioning 
of the proposed GLE Facility and to conduct the scoping process for the EIS.  After completing 
the acceptance review of the license application, the NRC published a notice in the Federal 
Register on January 13, 2010 (75 FR 1819) of receipt of the application and notice of hearing.  
The NRC’s environmental review began following acceptance and docketing of the 
environmental report.  The NRC conducted its reviews pursuant to the requirements of 
10 CFR 70.65 and 10 CFR 51.60, respectively. 
 
J.2.2 Public Scoping 

 
The NRC’s public scoping process for the EIS began on April 9, 2009, with the publication in the 
Federal Register (74 FR 16237) of a Notice of Intent to prepare an EIS.  As part of this process, 
the NRC conducted two public scoping meetings in Wilmington, North Carolina, on May 19, 
2009.  At these meetings, the NRC provided a description of NRC’s role, responsibilities, and 
mission; gave a brief overview of its environmental and safety review processes; discussed how 
the public could participate effectively in the environmental review process; and solicited input 
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from the public on environmental concerns related to the proposed GLE Facility.  Due to a delay 
in submission of the license application, the NRC extended the public scoping comment period 
from June 8, 2009 to August 31, 2009, on July 24, 2009 (74 FR 36781), to allow members of the 
public to review publicly available portions of the license application. 
 
Scoping comments received by the NRC were summarized by the staff in the Scoping Summary 
Report, issued on November 25, 2009.  This report, which is included in this EIS in Appendix A, 
also contains additional information on the scoping process and identifies the issues that would 
be addressed in the EIS based on the public scoping comments. 
 
J.2.3 Issuance and Availability of the Draft EIS 

 
On June 25, 2010, in accordance with NRC regulations, the NRC published a Notice of 
Availability for the Draft EIS in the Federal Register (75 FR 36447).  In the notice, the NRC 
provided information on how to submit comments and request a copy of the Draft EIS.  The 
Environmental Protection Agency issued a Notice of Availability on the same day 
(75 FR 36386).  The NRC provided a 45 day public comment period which ended on 
August 9, 2010.  Copies of the Draft EIS were mailed to approximately 70 individuals including 
Federal, Tribal, State, and local government officials as well as members of the public.  An 
electronic version of the Draft EIS and supporting information was made available through the 
NRC’s project-specific web site (http://www.nrc.gov/materials/fuel-cycle-fac/laser.html) and 
through the NRC’s Agencywide Documents Access and Management System (ADAMS) 
database (http://www.nrc.gov/reading-rm/adams.html). 
 
 J.2.4 Draft EIS Public Comment Meetings 

 
The NRC conducted two public meetings to receive comments on the Draft EIS (July 22, 2010).  
The NRC selected the City of Wilmington as the location for the meetings because it is a few 
miles from the proposed GLE Facility site.  The NRC advertised these meetings in local and 
regional newspapers including the Wilmington Star-News, Wilmington Journal, State Port Pilot, 
Pender Chronicle, Brunswick Beacon, Pender Post, and Topsail Voice.  Eight individuals 
provided comments during the meetings.  A court reporter recorded the oral comments and 
prepared written transcripts.  The transcripts are provided in Appendix K of this EIS.  The 
transcripts are part of the public record for the proposed project and were used in developing 
the comment summaries contained in Appendix J. 
 
J.3 Comments Received on the Draft EIS 

 
As discussed above, the NRC received both oral and written comments on the Draft EIS during 
the comment period.  The NRC identified 78 specific comments in letters, facsimiles, and 
e-mails received from 20 governmental agencies or individuals and from the statements made 
at the public comment meetings. 
 
J.3.1 Comment Review 

 
The NRC reviewed each comment letter and both transcripts.  Comments relating to similar 
issues and topics were grouped, as permitted by NRC regulations in 10 CFR 51.91 and the 
Council on Environmental Quality’s NEPA regulations at 40 CFR 1503.4(b).  Appendix J 
presents the comments, or summaries of comments, along with the NRC’s corresponding 
responses.  When comments have resulted in a modification to the Draft EIS, those changes 
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are noted in the staff’s response.  In cases for which the comments do not warrant a detailed 
response, the NRC provides an explanation as to why no further response is necessary.  In all 
cases, the NRC sought to respond to all comments received during the public comment period. 
 
Appendix J provides summaries of all substantive comments received on the Draft EIS.  The 
NRC prepared responses for each of the comments or for summaries of comments. 
 
J.3.2 Major Issues and Topics of Concern 

 
The majority of the comments received specifically addressed the scope of the environmental 
reviews, analysis, and issues contained in the Draft EIS, including existing conditions, potential 
impacts, proposed mitigation, and the NRC’s environmental review process.  However, other 
comments addressed topics and issues that were not part of the review process for the 
proposed action.  Those comments included questions about the NRC’s safety evaluation of the 
proposed uranium enrichment facility, security concerns, general statements of support or 
opposition to nuclear power, and observations regarding past GE activities. 
 
J.3.3 Comments on Out-of-Scope Topics 

 
The scope of the EIS analysis is defined in 10 CFR 51.71(a), 10 CFR 51.91, NUREG-1748, 
‘‘Environmental Review Guidance for Licensing Actions Associated with NMSS Programs’’ 
(NRC, 2003), and the Scoping Summary Report in Appendix A of this EIS.  Some commenters 
raised issues that were not specifically related to the NRC’s environmental review of GLE’s 
application to construct, operate, and decommission the proposed GLE Facility.  Because these 
issues did not directly relate to the environmental effects of the proposed action and were 
outside the scope of the NEPA review, the NRC did not prepare detailed responses to these 
comments.  NRC addressed all comments received during the comment period. 
 
J.4 Mandatory Hearing 

 
By law, a license to construct and operate the proposed GLE Facility cannot be issued until 
completion of a hearing before the NRC’s Atomic Safety and Licensing Board.  Notice of the 
hearing, including guidance on certain aspects, was provided by the Commission in a notice 
published in the Federal Register on January 13, 2010 (75 FR 1819).  Because no petitions for 
a contested hearing were received within the subsequent 45-day period, the Licensing Board 
will only conduct a mandatory hearing.  The purpose of the mandatory hearing is to determine 
the adequacy of the NRC’s technical (safety) and environmental reviews.  On April 26, 2010, the 
Commission provided notice that a Licensing Board comprised of three administrative judges 
had been established to conduct the hearing (75 FR 21680).  Following completion of the 
mandatory hearing, the Licensing Board will issue a final decision as to whether the requested 
license should be issued.  The evidence submitted during the hearing and the decisions of the 
Licensing Board are publically available except to the extent that they contain proprietary or 
sensitive security information. 
 
J.5 Public Participation in the NRC Environmental Review Process 

 
The NRC's environmental review began with the receipt and docketing of GLE’s environmental 
report (GLE, 2008).  Pursuant to 10 CFR 51.60, an applicant for an NRC license to construct 
and operate a uranium enrichment facility must submit an environmental report to the NRC with 
the application.  In support of its licensing decision for a uranium enrichment facility, the NRC is 
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required under 10 CFR 51.20(b)(10) to prepare an EIS, and under 10 CFR 51.26 to issue a 
Notice of Intent to prepare the EIS, which is published in the Federal Register.  In the Notice of 
Intent, the NRC described, among other things, the scoping process proposed for the requested 
action.  Two public scoping meetings were held in Wilmington, North Carolina on May 19, 2009, 
to receive both oral and written comments from interested parties. Pursuant to 10 CFR 51.28, 
the NRC invited designated persons to participate in the scoping process, including any person 
who requested to participate. 
 
Once the NRC completed the scoping process, defined the proposed action, and determined 
the scope of the EIS, the staff prepared a Draft EIS.  During the development of the Draft EIS, 
NRC sought input from a number of sources, including Federal, State and local government 
agencies, Tribal governments, and individuals identified as consulting parties.  Pursuant to 
10 CFR 51.74, the NRC published notice of availability in the Federal Register announcing the 
issuance of the Draft EIS for public comment.  As specified in 10 CFR 51.73, the minimum 
public comment period is 45 days.  The NRC also distributed copies of the Draft EIS to the 
persons or organizations identified in 10 CFR 51.74, including the U.S. Environmental 
Protection Agency (EPA), certain Federal, State and local agencies, Indian Tribes, and, upon 
written request and to the extent copies are available, to any other person.  After receipt and 
consideration of public comments on the Draft EIS, the NRC prepares a Final EIS pursuant to 
10 CFR 51.90 and 51.91. 
 
J.6 NRC Safety Review Process 

 
The NRC evaluates a license application to determine whether an applicant has demonstrated 
compliance with the regulatory requirements which pertain to the type of license being sought.  
In the case of the present license application from GLE to construct, operate, and 
decommission a uranium enrichment facility, the NRC evaluated the application against the 
Commission's regulations found at 10 CFR Part 70.  The NRC's evaluation of an applicant's 
demonstration of compliance with the regulations is documented in a Safety Evaluation Report.  
Requests by the NRC for additional information from the applicant are made publicly available 
unless the request contains proprietary or security-related information.  However, there is no 
requirement for a formal public comment resolution process for Safety Evaluation Reports. 
 
J.7 Commenter and Comment Identification 

 
The NRC received seven comment documents (one document contained comments from seven 
agencies or individuals and one commenter provided two submittals).  The NRC assigned an 
identification number to each commenter, which will aid the reader in locating comments 
submitted by an individual and the NRC’s corresponding responses.  Comment numbers 
beginning with the letters PM refer to comments summarized from the transcripts of the two 
public comment meetings held in Wilmington, North Carolina, on July 22, 2010.  All remaining 
comment numbers reflect written comments received during the public comment period on the 
Draft EIS (e.g., 001). 
 
In addition to the commenters identified in Table J-1, five additional agency representatives 
indicated they had reviewed the document but had no comments.  These individuals 
represented the U.S. Department of the Interior (ML102170176); the North Carolina Department 
of Environment and Natural Resources Division of Waste Management, Underground Storage 
Tank Section (ML102180383); and the Water Quality, Aquifer Protection, and Land Engineering 
Regional Office Areas of the North Carolina Department of Environment and Natural Resources, 
Wilmington Region (ML102180383).  Written comments and public comment meeting 
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transcripts are included in Appendix K, and members of the public can access these documents 
on the ADAMS database using the accession numbers provided in Table J-1. 
 
J.8 General Opposition and Opposition to the NRC Environmental Review Process 

 
Comment:  006-6 
 
The commenters find the Draft EIS to be an attempt by the NRC to avoid the concerns of the 
environmental and nuclear security communities and thwart their meaningful participation in the 
licensing process. 
 
Response:  Public participation is an essential part of the NRC’s environmental review process 
under NEPA.  As indicated in Section J.2 of this Appendix, the NRC conducted an open, public 
EIS development process consistent with NEPA and the NRC’s NEPA implementing regulations 
under 10 CFR Part 51. 
 
The NRC’s public scoping process began on April 9, 2009, with the publication in the Federal 
Register (74 FR 16237) of a Notice of Intent to prepare an EIS.  As part of this process the NRC 
conducted two public scoping meetings in Wilmington, North Carolina on May 19, 2009 to solicit 
public comments.  On July 24, 2009 (74 FR 36781), the NRC extended the public scoping 
comment period from June 8, 2009 to August 31, 2009 in response to GLE submitting additional 
information to support its application.  This was done to provide members of the public to review 
the new portions of the application.  In addition to scoping, a Notice of Hearing was published in 
the Federal Register on January 13, 2010 (75 FR 1819) which instructed members of the public 
how to access documents related to the review and how to petition to intervene in the licensing 
process.    
 
On June 25, 2010, the NRC published a Notice of Availability for the Draft EIS in the Federal 
Register (75 FR 36447).  In the notice, the NRC provided information on how to submit 
comments and request a copy of the Draft EIS.  The NRC conducted two public meetings on the 
Draft EIS in Wilmington, North Carolina on July 22, 2010.  The NRC provided a 45-day public 
comment period for agencies and the public to review the Draft EIS and provide comments.  
Public comments on the Draft EIS could be submitted in many forms, including via postal mail, 
emails, and uploads to the Federal Rulemaking website, as well as written or oral comments 
provided to the NRC at the two Draft EIS public meetings.  As stated in Section J.5, the NRC 
has reviewed and considered all comments provided on the Draft EIS in preparing the Final EIS. 
 
Copies of the Draft EIS were mailed to Federal, Tribal, State, and local government officials as 
well as members of the public.  An electronic version of the Draft EIS and supporting information 
was made available through the NRC’s project-specific web site (http://www.nrc.gov/materials/ 
fuel-cycle-fac/laser.html) and through the NRC’s Agencywide Documents Access and 
Management System (ADAMS) database (http://www.nrc.gov/reading-rm/adams.html).    
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Table J-1  Draft EIS Commenter Identification and Comment Response Locations 

Commenter Name Affiliation Commenter 
Number 

ADAMS 
Accession No. 

Knapp, Paul Space Coast Health Physics Services, LLC 001-1, 001-2 ML102210052, 
ML102170080 

O’Barr, Kevin N.C. Department of Labor 002 ML102080670 

LeGrand, Harry N.C. Department of Environment and Natural 
Resources, Natural Heritage Program 

003-1 ML102180383 

Rynas, Stephen N.C. Department of Environment and Natural 
Resources, Division of Coastal Management 

003-2 ML102180383 

Franch, S. N.C. Department of Environment and Natural 
Resources, Division of Waste Management, 
Superfund Section 

003-3 ML102180383 

Shackelford, Dennis N.C. Department of Environment and Natural 
Resources, Division of Waste Management, 
Solid Waste Section 

003-4 ML102180383 

Patterson, Jenny N.C. Department of Environment and Natural 
Resources, Division of Waste Management, 
Hazardous Waste Section 

003-5 ML102180383 

Carroll, Dean N.C. Department of Environment and Natural 
Resources, Wilmington Regional Office 

003-6 ML102180383 

Gledhill-Earley, 
Renee 

N.C. Department of Cultural Resources, 
State Historic Preservation Office 

003-7 ML102180383 

Mueller, Heinz U.S. Environmental Protection Agency, 
Region 4, Office of Policy and Management, 
NEPA Program Office 

004 ML102310025 

Hall, Howard on 
behalf of Pete 
Benjamin 

U.S. Fish and Wildlife Service 005 ML102420377 

Cochran, Thomas 
Paine, Christopher 
Fettus, Geoffrey 

Natural Resources Defense Council 006 ML102370761 

Butler, Deborah Member of the Public PMT-1-001 ML102510820 

Klein, Ellie Member of the Public PMT-1-002 ML102510820 

Yates, Andy on behalf 
of Ilario Pantano 

Candidate for U.S. Congress PMT-1-003 ML102510820 

Monroe, John Member of the Public PMT-1-004 ML102510820 

Milmoe, Cornelius Nuclear Infrastructure Council PMT-1-005 ML102510820 

Goolsby, Tom Candidate for N.C. State Senate PMT-1-006 ML102510820 

Dawson, Beth Member of the Public PMT-2-001 ML102510822 

Sparks, Ronald Wilmington City Council PMT-2-002 ML102510822 
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J.9 General Support 
 
Comment:  PMT-1-003-1; PMT-1-003-2; PMT-1-004-1; PMT-1-005-1; PMT-1-005-2; 
PMT-1-005-4; PMT-1-006-1; PMT-1-006-2; PMT-2-002-1 
 
Several commenters expressed general support for the proposed action.  Four commenters 
noted the employment opportunities and positive economic impacts that it will create.  Four 
commenters praised the NRC for its thorough evaluation of environmental impacts, and four 
commended the applicant for its history of good corporate citizenship, environmental 
stewardship, and/or attention to safety.  Three commenters noted the country’s need for reliable 
sources of energy, and two commenters noted the country’s need to develop nuclear energy 
infrastructure to meet energy needs. 
 
Response:  The staff acknowledges these comments.  The comments are supportive of the 
proposed action and are general in nature.  No changes to the EIS were made in response to 
these comments. 
 
J.10 NEPA Process 
 
Comment:  PMT-1-002-2, PMT-1-002-5 
 
One commenter asked if the NRC has initiated any contact with the Federal Emergency 
Management Administration (FEMA) and if FEMA will have any role in reviewing emergency 
response plans that relate to the proposed action. 
 
The commenter also suggested that regulations are minimum acceptable standards, as 
established by Congress, and subject to change due to political processes and turnover of 
public officials.  The commenter doesn’t necessarily believe that the regulations are protective. 
 
Response:  Although a FEMA review is required for the licensing of a nuclear power plant, 
NEPA does not require a FEMA review for the licensing of a uranium enrichment facility.  
Nevertheless, emergency response and evacuation plans are addressed in the NRC’s Safety 
Evaluation Report. 
 
The NRC acknowledges the comment regarding the protectiveness of regulations, as they apply 
to the requirements for FEMA review of NRC licensing actions. 
 
Comment:  PMT-1-003-3 
 
One commenter urged the NRC to act as expeditiously as possible to approve the license 
application, so that the region may begin to reap the economic and employment benefits. 
 
Response:  The NRC licensing review schedule was established shortly after receipt of the 
license application, including the date of the mandatory public hearing by the Atomic Safety and 
Licensing Board.  The NRC acknowledges the comment but does not plan to expedite the 
licensing review schedule. 
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Comment:  PMT-1-002-3 
 
One commenter noted the importance that information from the Draft EIS be presented and 
available to the public in a forum and via the media. 
 
Response:  As noted in Section J.1, the NRC has encouraged public participation throughout 
the development of the EIS, including the public scoping process and the Draft EIS public 
review period.  On June 25, 2010, the NRC published a Notice of Availability in the Federal 
Register (75 FR 36447) announcing the issuance of the Draft EIS for public comment, provided 
notice for public meetings.  The NRC advertised both the scoping and Draft EIS meetings in 
local and regional newspapers including the Wilmington Star-News, Wilmington Journal, State 
Port Pilot, Pender Chronicle, Brunswick Beacon, Pender Post, and Topsail Voice. 
 
At the Draft EIS public meetings, the NRC provided a description of the NRC’s role, 
responsibilities, and mission; gave a brief overview of its licensing and environmental review 
processes; summarized the content and preliminary findings and recommendations of the Draft 
EIS; provided information on how the Draft EIS could be accessed or obtained and how to 
provide comments on the document; and solicited comments from the public on the Draft EIS.   
 
Copies of the Draft EIS were mailed to Federal, Tribal, State, and local government officials as 
well as members of the public.  Additionally, an electronic version of the Draft EIS and 
supporting information was made available through the NRC’s project-specific web site 
(http://www.nrc.gov/materials/fuel-cycle-fac/laser.html) and through the NRC’s Agencywide 
Documents Access and Management System (ADAMS) database (http://www.nrc.gov/reading-
rm/adams.html). 
 
Comment:  PMT-1-002-9 
 
One commenter expressed concern about the exemption that allows the applicant to conduct 
preconstruction activities in advance of the licensing decision.  The commenter is concerned 
that it will not be possible to stop the project once preparations have begun, even if other factors 
indicate that the project should be stopped.  The commenter hopes that the project will not start 
until “all hurdles are met.” 
 
Response:  By requesting an exemption to conduct certain preconstruction activities, the 
applicant has acknowledged and assumes the risk that NRC may not grant a license for the 
proposed action.  The applicant has stated that, if the NRC should deny the license, the land 
and supporting infrastructure could be used for another purpose. 
 
J.11 Purpose and Need 
 
Comment:  006-3 
 
The commenters contend that, with three new gas centrifuge enrichment facilities about to be 
built in the United States, the assertion that there is "a reliability risk in U.S. domestic 
enrichment capacity" requiring mitigation by the proposed action is not credible, while the use of 
lasers for clandestine enrichment research is already an accomplished fact in several countries. 
 
Response:  The NRC understands that other potential future domestic sources of supply have 
emerged in recent years.  The National Enrichment Facility (NEF) and American Centrifuge 
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Plant (ACP) have already received construction and operating licenses from the NRC and the 
NEF plant has been operating since June 2010.  In addition, AREVA received its materials 
license from the NRC in October 2011 (NRC, 2011a).  As discussed in Section 1.3.1, if all of the 
proposed facilities were constructed and operated at their rated capacities, enrichment capacity 
in the United States would exceed the projected annual demand.  However, given the 
uncertainties in future development and potential expansion of the proposed projects, the 
projected level of extra capacity provided by the proposed GLE Facility would provide needed 
assurance that domestically-produced enriched uranium would be reliably available when 
needed for domestic nuclear power production.    
 
J.12 Scope of the Environmental Analysis 
 
Comment: 004-1 
 
The commenter notes that the construction and installation of supporting infrastructure (e.g., 
access roads, parking, laboratories, administrative buildings, and diesel generators) should be 
considered a part of the proposed action, and the impacts of these actions are direct project 
impacts. 
 
Response:  NRC regulations, including 10 CFR 70.4, define construction1 to explicitly exclude 
certain activities, such as land clearing and erection of administrative buildings, that do not have 
a reasonable nexus to radiological health and safety or the common defense and security.  
These activities, termed “preconstruction” activities, are regarded as “non-Federal actions” that 
do not require NRC approval or oversight.  Thus, the impacts of these actions are not 
considered to be direct impacts of the Federal action (i.e., issuance of a license); however, the 
NRC does consider preconstruction activities with respect to cumulative impacts.  In 
Section 4.3, the NRC considers the cumulative impacts on the environment that would result 
from the proposed action when added to other past, present, and reasonably foreseeable future 
actions, including preconstruction activities, regardless of what agency or person undertakes 
such action.  Impacts from preconstruction activities are addressed within the various resource 
area discussions in Section 4.2 so that they can be presented alongside similar impacts from 
construction of the facility that are included in the proposed action.  In Section 4.2.16, impacts 
resulting from preconstruction are identified as a percentage of total impacts estimated to occur 
prior to facility operations.  In this sense, site preconstruction activities would be considered past 
activities for the purposes of cumulative impacts. 
 
J.13 Applicable Statutory and Regulatory Requirements 
 
Comment:  002-1 
 
The commenter noted that Section 1.5.1.14 references Federal Occupational Safety and Health 
Administration (OSHA) and suggests inserting “North Carolina is one of the states that manages 
its own OSH [occupational safety and health] program through the N.C. Department of Labor” 
(or similar) to provide clarification. 
 

                                                      
1  On September 15, 2011, the NRC issued the final rule to make the definition of construction and 

commencement of construction for fuel cycle facilities, 10 CFR 70.4, consistent with the definition for 
nuclear power plants (76 FR 56951).   
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Response:  Text has been added to Section 1.5.1.14 to reflect the commenter’s suggestion. 
 
Comment:  003-2-1 
 
One commenter noted that obtaining project approval under the requirements of the N.C. 
Coastal Area Management Act (CAMA) and the Federal Coastal Zone Management (CZM) Act 
is complicated, and while not incorrect, the descriptions provided in the Draft EIS do not clearly 
convey a narrative roadmap for obtaining approval of the proposed action.  The commenter 
recommends the following clarifications: 
 
 Section 1.5.3 and/or Section 1.5.4 may be appropriate locations to review the regulatory 

interactions between the Division of Coastal Management (DCM), the project proponent, 
and the NRC.  Simply reviewing the existence of the CZM overlooks the fact that these three 
parties will be involved in a regulatory process.  The commenter anticipates that the 
proposed action would be reviewed by the DCM under Subpart D of 15 CFR 930 
(specifically, 15 CFR 930.57). 

 Table 1-2 focuses on the N.C. CAMA and correctly notes that a CAMA permit would be 
required for development undertaken within an Area of Environmental Concern.  However, it 
presents an “isolated” facet by not conveying that DCM regulatory review could be triggered 
through the consistency review process.  Table 1-2 may not require revision, but Section 
1.5.3 and/or Section 1.5.4 may be appropriate locations to review the regulatory interactions 
between the DCM, the project proponent, and the NRC. 

 Table 1-3 focuses on the N.C. CAMA, notes that a preliminary review indicates that a CAMA 
permit would not be required, and notes that the proposed action could be subject to 
additional review depending on the necessity for a Section 404 permit from the U.S. Army 
Corps of Engineers.  Again, the table narrative only presents an “isolated” facet of the 
regulatory process.  Prior to obtaining a Section 404 permit or a license from the NRC, the 
project proponent would be expected to obtain a consistency concurrence from DCM.  
Table 1-3 may not require revision, but Section 1.5.3 and/or Section 1.5.4 may be 
appropriate locations to review the regulatory interactions between the DCM, the project 
proponent, and the NRC. 

 
Response:  NRC concurs that the consistency decision element of the CAMA should be 
addressed.  Clarifying changes have been added to Section 1.5.1.12 to reflect the commenter’s 
recommendations.  Table 1-3 has been modified to focus on the consistency determination 
rather than the coastal area management permit.  The intent and scope of Sections 1.5.3 
and 1.5.4 and Table 1-2 are to indicate that State laws and regulations could apply as opposed 
to explaining their interaction with Federal laws and regulations; the change to the text at 
Section 1.5.1.12  addresses that interaction. 
 
J.14 Agencies and Persons Consulted 
 
No comments received on this section. 
 
J.15 Alternatives Considered but Eliminated 
 
No comments received on this section. 
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J.16 Historic and Cultural Resources 
 
Comment:  003-7 
 
The commenter stated that the State Historic Preservation Office (SHPO) has not received the 
draft Programmatic Agreement (PA) that NRC agreed to draft during consultation on 
February 17, 2010.  The commenter noted that, while archaeological site 31NH801 (which has 
been determined eligible for inclusion in the National Register of Historic Places) may not be 
directly affected by the construction and operation of the proposed GLE Facility, active 
preservation measures should be outlined in the PA and undertaken by GLE to ensure the 
continued preservation of the site during the project’s lifetime. 
 
Response:  Archaeological site 31NH801 was identified during the NRC’s review and was 
determined to be eligible for listing on the NRHP.  This site is located adjacent to one of the 
access roads that was identified in the original construction designs.  GLE has reconfigured the 
access roads needs for the plant and will no longer develop the road adjacent to site 31NH801 
(GLE, 2009b), therefore, no impacts are expected to site 31NH801 from preconstruction or 
construction activities. 
 
By letter dated March 28, 2011, the NRC provided its NHPA determination of effects regarding 
the licensing of the proposed GLE Facility to the NC SHPO.  No sites eligible for listing on 
National Register of Historic Places have been identified within the area of potential effect, thus 
the NRC concluded in the Draft Environmental Impact Statement (DEIS) that no historic 
properties would be affected by the proposed action.  However, due to the close proximity of 
numerous significant resources, there is the possibility for unanticipated discovery.  The NRC 
has determined that there would be no adverse effect to historic and cultural resources from the 
proposed action.  The staff's determination is based on the license, should one be issued, 
containing the following proposed license condition: 
 

Before engaging in any GLE developmental activity not previously assessed by the 
NRC in the Final Environmental Impact Statement for the Proposed GE-Hitachi 
Global Laser Enrichment LLC, Facility in Wilmington, North Carolina 
(NUREG-1938) that would physically disrupt or disturb inventoried cultural sites 
that have been designated eligible for the National Register of Historic Places 
pursuant to 36  CFR 60.4, the licensee shall, in consultation with the NC SHPO, 
identify mitigation measures intended to preserve the integrity of these sites.  The 
licensee shall inform the NRC of such mitigation measures prior to engaging in any 
work at the identified site(s). 

 
Any work that results in the discovery of previously unknown cultural artifacts shall 
cease in accordance with GLE Common Procedure CP-24-201, Unexpected 
Discoveries of Artifacts or Human Remains.  The artifacts shall be inventoried and 
evaluated, and no disturbance of the area shall occur in accordance with CP-24-
201.  All activities that affect cultural resources on the GLE site will be included in 
GLE's annual environmental monitoring report. 

 
Enforcement of this license condition is subject to the scope of the NRC’s 
regulatory authority (NRC, 2011b). 
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By letter dated April 5, 2011, the NC SHPO concurred with the NRC’s determination of no 
adverse effect (NCDCR, 2011).  Changes have been made to the appropriate sections of the 
EIS that discuss historic and cultural resources. 
  
Comment:  004-18 
 
The commenter recommends that the Final EIS include an update of ongoing coordination 
activities with the SHPO regarding plans to develop procedures to protect archaeological site 
31NH801. 
 
Response:  The text in Sections 1.5.6.2, 4.2.2.1, 4.2.2.2, and 4.2.2.3 were revised to reflect the 
coordination efforts between the consulting parties.  In addition to the license condition 
discussed above, GLE has developed internal procedural guidance for unexpected 
archaeological discoveries and/or human remains (GLE, 2009c).  In the event that historic and 
cultural resources are encountered in the area of potential effect, GLE would implement these 
procedures, which include notification of certain local and State agency representatives, 
including the State Archaeologist. 
 
J.17 Visual and Scenic Resources 
 
No comments received on this section. 
 
J.18 Air Quality 
 
Comment:  003-6 
 
The commenter noted that any significant air quality emissions impact may require a permit 
application to revise the existing Air Quality Permit (#1756). 
 
Response:  Table 1-3 notes that GLE will apply for a construction and operating permit from the 
North Carolina Department of Environment and Natural Resources (NCDENR) Division of Air 
Quality.  The table entry has been revised to note that a Clean Air Act major source permit will 
not be necessary. 
 
Comment:  004-7 
 
The commenter states that best management practices should be used to control dust and 
other particulates to the maximum extent feasible. 
 
Response:  The NRC acknowledges the importance of using best management practices 
(BMPs).  As noted in Section 4.2.4.3 of the Draft EIS, the NRC identified the use of BMPs as an 
additional mitigation measure for reducing or minimizing air quality impacts during road 
construction, land clearing, and building construction.  GLE has also identified a number of 
mitigation measures in its application. 
 
The NRC’s action with regard to the proposed GLE Facility is limited to granting a license, if all 
regulatory requirements are met, for the construction, operation, and decommissioning of the 
proposed facility.  When NRC reviews a proposed action, its ability to impose additional 
requirements and environmental mitigation and monitoring measures beyond those proposed as 
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part of the license application is limited to those with a reasonable nexus to providing protection 
for radiological health and safety and common defense and security.   
 
J.19 Water Resources 
 
Comment:  003-3-2 
 
One commenter noted that the GE site has had five minor contaminated zones (chlorinated 
solvents, metals, nitrate, uranyl nitrate, and calcium fluoride) that resulted in the installation of 
monitoring wells and soil capping under North Carolina Department of Environment and Natural 
Resources, Division of Water Quality (NCDENR DWQ) supervision.  These zones are outside of 
the study area for the proposed action, but approximately four of the monitoring wells are 
located along a road within the study area.  The commenter recommends that consultation with 
the N.C. Inactive Hazardous Sites Branch (IHSB) be initiated if there are any construction plans 
near the remediation areas or alongside roads that have monitoring wells.  However, the 
commenter does not foresee the remediation areas or monitoring wells being affected by the 
proposed action (or vice versa). 
 
Response:  When a monitoring well location interferes with a construction area or road 
improvement, a nearby location would normally be selected for installation of a replacement 
well.  Proper well abandonment procedures would be performed at the old well to remove its 
aboveground and shallow underground components, and to fill the deep portion with materials 
that will not allow any vertical hydraulic connections.  The replacement well should be screened 
across the same depth interval as the original well, and should provide samples with similar 
chemistry.  State approval would be sought if the original well is part of a formal monitoring 
network. 
 
Table 1-2 has been revised to include well abandonment regulations that are enforced by DWQ. 
 
Comment:  004-14 
 
The commenter recommends that the Final EIS provide further detail regarding the geographic 
extent of the groundwater drawdown area and when the groundwater monitoring plan will be 
available for review. 
 
Response:  The text of Section 4.2.7.2 has been revised to reflect the commenter’s request for 
further detail regarding the extent of the groundwater drawdown area.  A formal groundwater 
monitoring plan for the proposed facility is not yet available, but GLE anticipates the 
commencement of groundwater monitoring activities prior to the commencement of facility 
operations. 
 
Comment:  004-15 
 
The commenter recommends that the Final EIS include a discussion of drinking water standards 
and data regarding the monitoring and sampling of area wells. 
 
Response:  Figure 3-10 of the EIS displays the collective groundwater monitoring data 
(generally from 2002 to 2006) relative to the standards for all monitored constituents.  As 
described in Section 3.7.4.3, summaries of the individual constituents are tabulated in the 
Environmental Report, along with their respective standards.  These data tables are not 
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replicated in the EIS.  The text in Section 3.7.4.3 has been clarified and the caption to 
Figure 3-10 has been revised. 
 
Comment:  004-16 
 
The commenter recommends that the Final EIS clarify the estimated quantity of water required 
for operation of the closed-loop cooling tower. 
 
Response:  The makeup water requirement for the cooling tower system (i.e., 30,000 gallons 
per day) was estimated by GLE in the Environmental Report; an appropriate reference citation 
has been added to Section 4.2.6.2.  As described in the EIS (e.g., Sections 4.2.6.2 
and 4.2.11.2), GLE proposes to use treated sanitary wastewater as the source of cooling tower 
makeup water. 
 
J.20 Ecological Resources 

 
Comment:  003-1 
 
One commenter noted the existence of records concerning rare species, significant natural 
communities, significant natural heritage areas, or conservation/managed areas within a mile of 
the project area (including pondspice, Carolina sunrose, savanna milkweed, eastern fox 
squirrel, and spoonflower) and that the large and Nationally significant Northeast Cape Fear 
River Floodplain site lies within 0.15 mile of the project area (although the nearest conservation 
lands within the site are slightly over a mile to the north).  The commenter summarized that 
there are no known significant natural resources within the boundaries of the project area, there 
likely will be no impacts to the reported locations of rare species, and aerial photos show that 
most of the project area contains altered habitats (although it is possible that rare species could 
occur within the project area). 
 
Response:  The NRC acknowledges the commenter’s concurrence with the findings in the Draft 
EIS. 
 
Comment:  003-2-2 
 
The commenter noted that the proper organizational title on p. 4-55 (line 29) should 
“Environment and Natural Resources.” 
 
Response:  The text of Section 4.2.8.3 has been corrected. 
 
Comment:  004-11 
 
The commenter noted that the presence of jurisdictional and isolated wetlands within the access 
road corridor may require a Section 404 permit or Isolated Wetland Permit for impacts.  The 
commenter stated that a more precise determination of the potential type and extent of impacts 
to wetlands is needed, and that updated information on impacts analysis that occurs during the 
refinement of facility design plans should be included in the Final EIS. 
 
Response:  As noted in Section 4.2.8.1, potential impacts to three jurisdictional wetlands and 
one isolated wetland could occur from construction of the revised entrance and roadway to the 
proposed facility.  The entrance and roadway would be part of the preconstruction activities that 
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are not associated with NRC licensing.  GLE would obtain appropriate permits prior to 
constructing the entrance and roadway (see Table 1-3) and would conduct any wetland 
mitigation required by the U.S. Army Corps of Engineers (USACE) and the North Carolina 
Division of Water Quality (DWQ).  GLE would provide updated information to those agencies 
after facility design plans are finalized, including a more precise determination of the potential 
type and extent of impacts to wetlands when applying for their Section 404 and Isolated 
Wetland permits. 
 
Comment:  004-12 
 
The commenter recommends that the Final EIS identify the least environmentally damaging 
practicable alternative (LEDPA) and demonstrate how the alternative has avoided wetlands and 
other water impacts to the maximum extent possible. 
 
Response:  The LEDPA determination is made under Section 404 of the Clean Water Act by 
the U.S. Army Corps of Engineers, not the NRC.  The NRC uses the standard of whether there 
is an “obviously superior” alternative site.  In Section 2.3.1 of the EIS, no alternative site was 
determined to be obviously superior to the proposed site.  In Section 2.3.1.2, alternative 
locations at the Wilmington Site were evaluated to minimize the impacts on or avoid streams, 
wetlands, and rare ecological resources.  For example, the proposed site is an upland area 
subjected to logging operations; is a non-wetland, non-floodplain area; and would not impact 
connectivity of wetlands to surface waters.  No changes were made to the EIS in response to 
this comment. 
 
Comment:  004-13 
 
The commenter recommends that, if wetlands will be impacted, the Final EIS include a 
conceptual compensatory mitigation plan that demonstrates that the losses in ecological 
functions will be replaced. 
 
Response:  As noted in Section 4.2.8.1, a total of 0.05 acre of three jurisdictional wetlands and 
0.06 acre of an isolated wetland could be impacted by construction of the entrance and roadway 
to the proposed facility.  Construction of the entrance and roadway would be part of the 
preconstruction activities that are not associated with NRC licensing.  GLE would obtain 
appropriate permits prior to this construction (see Table 1-3) and would conduct any wetland 
mitigation required by the USACE and the NCDWQ.  However, wetland mitigation may not be 
required, as potential wetland loss would total less than 1.0 acre. 
 
Comment:  004-17 
 
The commenter recommends that the Final EIS include updated information and data regarding 
consultations with the U.S. Fish and Wildlife Service (FWS). 
 
Response:  The NRC forwarded a copy of the Draft EIS to FWS with a request for comments 
by letter dated June 17, 2010 (ML101241315).  The FWS provided comments and updated 
information, as appropriate in its August 10, 2010 response (ML102420377).  Most land-
disturbing activities that could potentially impact Federally listed species would occur from 
preconstruction activities that are not associated with NRC licensing.  Nevertheless, publication 
of the Final EIS would not preclude FWS involvement in the proposed project.  For example, 
mitigation measures listed in Section 4.2.8.3 indicate GLE would consult with FWS if any 
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Federally threatened or endangered species or if any red-cockaded woodpecker cavities are 
encountered and to determine an appropriate course of action to avoid or mitigate impacts. 
 
Comment:  005-1 
 
The FWS does not foresee any impacts associated with facility operation and decommissioning, 
but preconstruction and construction activities could lower the wildlife habitat values of the area.  
The FWS noted that future work on other portions of the Wilmington Site should be submitted 
for FWS review. 
 
Response:  Future work or projects on the Wilmington Site may not fall under NRC jurisdiction.  
Nevertheless, the NRC expects that GLE would contact appropriate Federal and State agencies 
(including FWS) either to obtain required permits or to obtain recommendations to minimize or 
mitigate impacts. 
 
Comment:  005-2 
 
The FWS concurs with the Draft EIS that construction of the proposed facility would not affect 
the West Indian Manatee. 
 
Response:  The NRC acknowledges FWS’s concurrence with the findings in the Draft EIS. 
 
Comment:  005-3 
 
The FWS states that habitat for the rough-leaf loosestrife is not likely to be present within the 
proposed facility area and concurs that proposed preconstruction and construction activities 
may affect, but are not likely to adversely affect, the species.  The FWS notes that this 
concurrence is based on information in the Draft EIS indicating that no wetlands would be 
impacted due, perhaps, to drainage ditches associated with commercial pine production; forest 
cover that limits sunlight on the ground surface; and the absence of documented occurrences 
near the site. 
 
Response:  The NRC acknowledges FWS’s concurrence with the findings in the Draft EIS. 
 
Comment:  005-4, 005-5 
 
The FWS concurs that current forest conditions on the proposed facility site are not suitable for 
red-cockaded woodpecker (RCW) nesting, but notes that a separate analysis is necessary to 
determine whether the area serves as foraging habitat for active RCW clusters outside the 
Wilmington Site.  The FWS recommends an alternative tree mitigation program for the benefit of 
RCWs that may inhabit adjacent areas; specifically, that compensation should be provided for 
pines with a diameter at breast height (dbh) of ten inches or more, and one longleaf pine 
seedling be planted for every two inches of dbh lost (rounded up to the nearest two inches).  
The FWS notes that professional foresters could designate the appropriate spacing of seedlings 
and suitable habitat, recommends that trees planted as mitigation have long-term protection, 
and recommends that longleaf pine seedlings could be planted as landscaping around buildings 
and parking lots.  The FWS also recommends that mitigation areas should be identified in the 
forest management plan as excluded from all future development. 
 
Response:  The NRC acknowledges the FWS’s concurrence with the findings in the Draft EIS.  
Section 4.2.8.3 lists the compensatory tree-planting mitigation measure that would be 
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conducted if potential nesting trees (i.e., trees greater than 24-inch dbh) would be cut down 
during preconstruction or construction activities.  This mitigation measure was formulated, in 
part, through consultation with appropriate Federal and State agencies.  Additional mitigation, 
such as that suggested by the FWS for forage trees, would be considered through future 
consultations between the applicant and FWS.  Cavity and foraging trees for red-cockaded 
woodpeckers are generally at least 80 years old; therefore, planting pine seedlings around 
buildings and parking lots is not recommended as it is uncertain what future projects may occur 
in these areas.  Also, large trees located in developed areas are not preferred red-cockaded 
woodpecker habitat.  The applicant would consider recommendations from FWS when selecting 
areas for mitigation plantings.  The western portion of the Wilmington Site that is adjacent to the 
Sledge Forest (an area identified as suitable for red-cockaded woodpeckers) would be the 
logical location for compensatory tree plantings. 
 
Comment:  005-6 
 
The FWS concludes that preconstruction and construction activities may affect, but are not likely 
to adversely affect, any Federally-listed endangered or threatened species, their formally 
designated critical habitat, or species currently proposed for listing under the Act at these sites.  
The FWS concludes that the requirements of section 7(a)(2) of the Endangered Species Act 
have been satisfied for the project.  The FWS also notes that section 7 consultation must be 
reconsidered if new information reveals impacts of the project that may affect listed species or 
critical habitat in a manner not previously considered; the project is subsequently modified in a 
manner that was not considered in the FWS review; or a new species is listed or critical habitat 
determined that may be affected by the project. 
 
Response:  The NRC acknowledges FWS’s concurrence with the findings in the Draft EIS. 
 
J.21 Noise 
 
No comments received on this section. 
 
J.22 Transportation 
 
Comment:  001-1-1, 001-2-1 
 
The commenter noted that the reference to External Radiation Standards for All Packages on 
p. 4-68 (line 11) is incorrect; the reference should be 10 CFR 71.47, not 10 CFR 1.47. 
 
Response:  The text in Section 4.2.10.2 has been corrected. 
 
Comment:  004-5 
 
The commenter states that the Final EIS should consider transportation concerns for 
transferring depleted uranium hexafluoride (UF6) to conversion facilities, and transporting U3O8 
to a disposal site. 
 
Response:  The potential impacts of transporting depleted UF6 to a conversion facility are 
addressed in Section 4.2.10.2 and Appendix D. 
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As noted in Section 4.2.10.2, the potential impacts of transporting converted depleted uranium 
oxide from the conversion facilities to potential disposal sites were previously evaluated by 
DOE.  The impacts of transporting similar volumes of depleted uranium oxide originating from 
the proposed GLE Facility are expected to be SMALL. 
 
Comment:  PMT-1-002-1; PMT-1-002-7 
 
The commenter expressed concern about truck travel and the possibility of a “whoosh effect” 
when trucks from the proposed action pass trucks from the proposed Titan Cement project.  The 
commenter noted that trucks from the Titan Cement facility would carry limestone through 
Wilmington, and the commenter is concerned about what would happen when they encounter 
trucks (or railcars) that are carrying uranium as a result of the proposed action. 
 
Response:  As discussed in Appendix D (Section D.3.2), all material in the uranium feed, tails, 
and waste shipments to and from the GLE Facility would be packaged in sturdy sealed 
containers that are designed to inhibit the release of any material during normal operations.   
 
J.23 Public and Occupational Health 
 
Comment:  002-2 
 
The commenter recommended changing “overseen” on p. 4-79 (line 30) to “regulated by” or 
“under the jurisdiction of.” 
 
Response:  The text of Section 4.2.11.2 has been revised to reflect the commenter’s 
suggestion. 
 
Comment:  002-3 
 
The commenter noted that the organizational unit on p. 4-79 (line 31) is technically 
“Occupational Safety and Health Division.” 
 
Response:  The text of Section 4.2.11.2 has been revised to reflect the commenter’s 
clarification. 
 
Comment:  002-4 
 
The commenter recommended changing “General Industrial Regulations for eye and face 
protection under 29 CFR 1910.132” on p. 4-79 (line 33) to “29 CFR 1910.133, eye and face 
protection.” 
 
Response:  The text of Section 4.2.11.2 has been revised to reflect the commenter’s 
suggestion. 
 
Comment:  002-5 
 
The commenter recommended changing “Department of Environmental Health” on p. 4-79 
(line 35) to “Department of Labor.”  Or, if the reference the Department of Environmental Health 
was intended, the NCAC reference needs to be changed (currently to the N.C. Department of 
Labor). 
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Response:  The text of Section 4.2.11.2 has been revised to reflect the commenter’s 
suggestion. 
 
Comment:  002-6 
 
The commenter noted that the sentence on p. 4-89 (line 46) is inaccurate.  OSHA standards are 
minimum requirements, not best practices. 
 
Response:  The text of Section 4.2.11.3 has been corrected to reflect the commenter’s 
clarification. 
 
Comment:  001-1-2, 001-2-2 
 
The commenter noted that the dose conversion factors in Federal Guidance Report 13 
(FGR-13) are for morbidity and mortality, and are not expressed in terms of dose.  Therefore, 
the references to FGR-13 on p. C-17 (Table C-1, note a) and on p. C-19 (line 5) appear to be 
incorrect. 
 
Response:  The references to FGR-13 for dose conversion factors have been deleted from 
Table C-1 and Section C.3.2.4. 
 
J.24 Waste Management 

 
Comment:  003-5-1, 003-5-2 
 
The commenter noted that the existing GE manufacturing operations (GNF-A/FMO and 
AE/SCO) are on contiguous property, function as a large quantity generator of hazardous waste 
with an EPA Identification number, and have not had any cited Resource Conservation and 
Recovery Act (RCRA) violations for more than 5 years.  The proposed GLE Facility, if located 
on contiguous property with the existing GNF-A (FMO), may operate under the same EPA 
Identification number. 
 
If the proposed GLE is not on contiguous property, and if the facility generates more than 
220 pounds of hazardous waste in a calendar month, the Hazardous Waste Section (HWS) 
must be notified, and the facility must comply with the applicable hazardous waste 
requirements. 
 
Response:  As noted in Table 1-3, GLE would apply for a hazardous waste generator 
identification number.  A determination would be made at that time as to whether GLE 
operations would be included under the same identification number.  Clarifying text has been 
added to Table 1-3. 
 
Comment:  003-5-3 
 
The commenter noted that non-hazardous low-level radioactive waste (LLRW) is regulated by 
the N.C. Department of Environment and Natural Resources, Division of Environmental Health, 
Radiation Protection Section. 
 
Response:  Table 1-3 originally noted the requirement that GLE obtain a license for the use of 
radioactive materials from the State.  However, the use of radioactive materials at the proposed 
GLE Facility would not require a license from the State, because NRC regulates all operations 
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at uranium enrichment facilities under Section 193 of the AEA.  The reference to 15A NCAC 11 
has been removed from Table 1-3. 
 
Comment:  003-4 
 
The commenter recommended that the applicant make every feasible effort to minimize the 
generation of waste, to recycle materials for which viable markets exist, and to use recycled 
products and materials in the development of the project, where suitable.  The commenter noted 
that any waste generated that cannot be beneficially reused or recycled must be disposed of at 
a solid waste management facility permitted by the N.C. Department of Environment and 
Natural Resources, Division of Waste Management.  The nearest permitted facility to the 
proposed action is the New Hanover County Landfill. 
 
Response:  Section 4.2.12.3 presents mitigation measures that GLE has proposed to minimize 
the amount of waste generated by the proposed facility, including the implementation of a 
Waste Minimization Plan and consideration of reuse and recycling where possible.  As 
discussed in Section 4.2.12.2, the estimated amount of municipal solid waste generated by the 
proposed facility would have a SMALL impact on the New Hanover County Landfill, contributing 
approximately an additional 0.3% to its current receipt rate. 
 
Table 1-2 has been revised to note that waste must be disposed of at a disposal facility licensed 
by the NCDENR Division of Waste Management. 
 
Comment:  003-5-4 
 
The commenter noted that the environmental impact from hazardous wastes generated during 
construction, operation, and decommissioning of the proposed GLE Facility is considered small. 
 
Response:  The NRC acknowledges the commenter’s concurrence with the findings of the 
Draft EIS. 
 
Comment:  004-3, 004-6 
 
The commenter states that appropriate on-site storage of depleted UF6 and other radioactive 
waste is necessary to prevent environmental impacts, and that the Final EIS should clarify 
whether a waste minimization plan has been developed to reduce the amount of waste 
generated from the enrichment process. 
 
The commenter states that nonradioactive hazardous waste storage and disposal should be in 
accordance with the Resource Conservation and Recovery Act (RCRA), and that planning 
should take place to minimize the amount of hazardous waste generated from facility 
operations.  The commenter also states that the Final EIS should clarify whether a waste 
minimization plan has been developed to reduce the amount of hazardous waste, and to what 
extent recycling and reuse are feasible. 
 
Response:  The introductions to Section 4.2.12 and Section 4.2.12.3 discuss measures that 
GLE has committed to for the minimization of waste during operations, including the intent to 
develop a waste minimization plan that includes all facility processes.  This plan would apply to 
all wastes, RCRA and non-RCRA, generated at the proposed facility and would include reuse 
and recycling where feasible.  GLE has stated that it would “develop and implement a written 
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waste minimization plan for the Facility operations” in preparation for the start-up of facility 
operations, as discussed in Section 4.13.3 of the Environmental Report. 
 
Comment:  004-4 
 
The commenter states that the Final EIS should clarify the anticipated length of time between 
the storage of depleted UF6 at the on-site storage pads and its conversion to U3O8. 
 
Response:  The anticipated length of storage of depleted UF6 will be limited by the capacity of 
the pads (10 years of peak operation, as described in Sections 2.1.2.1 and 4.2.12.2); this is also 
expected to be a condition of the license, if granted.  However, there is no guarantee that a 
specific container of depleted UF6 will not be stored for a period exceeding 10 years.  In 
addition, cylinders could be stored for an additional 10–15 years at the site of a Department of 
Energy (DOE) or commercial conversion facility. 
 
The option exists for GLE to expand the cylinder storage pads if DOE should fail to accept the 
depleted UF6 in accordance with the USEC Privatization Act.  This would require a license 
amendment with the NRC.  If such an amendment were denied by the NRC, GLE would likely 
be forced to cease operation until resolution of the storage issue. 
 
Comment:  PMT-1-002-4 
 
The commenter inquired about what happens to waste that is produced by the proposed action. 
 
Response:  As noted in Section 4.2.12 (Waste Management Impact), the majority of waste 
generated during facility construction would go to a local landfill, while minor amounts of 
hazardous wastes such as greases and excess paints would be packaged and shipped to 
appropriately licensed facilities for disposal. 
 
The predominant waste stream from operation of the proposed facility would be depleted UF6.  
In accordance with Section 3113 of the USEC Privatization Act, DOE is obligated to accept 
depleted UF6 waste for storage and conversion to a more stable chemical form (i.e., U3O8) for 
disposal.  The waste would be shipped to one of two existing or planned DOE conversion 
facilities, where it would be stored and converted.  As noted in Section 2.1.3.1, the NRC is also 
reviewing a license application for a commercial conversion facility. 
 
As noted in Section 4.2.12.2, operation of the proposed facility will also generate low-level 
radioactive waste, including contaminated materials, sludge from the treatment of process 
wastewater, and waste from feed sampling and analysis.  This waste would be packaged in 
accordance with Department of Transportation (DOT) requirements and shipped to a 
commercial disposal facility.  Hazardous wastes such as cleaning solvents from maintenance 
activities would be packaged and shipped off-site for treatment and disposal at an appropriately 
licensed facility.  Municipal solid waste, including administrative and maintenance activities not 
involving uranium compounds, would be sent for disposal at a local landfill. 
 
J.25 Socioeconomics 

 
No comments received on this section. 
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J.26 Environmental Justice 

 
Comment:  004-19 
 
The commenter noted that the DEIS states that impacts from the project to environmental 
justice communities would be small to moderate, and that the DEIS examined demographics 
using 2000 census data.  The commenter states that nearby local residents are vulnerable to 
noise, aesthetics, odors, fugitive dust or localized air pollutants and light.  Additionally, 
increased truck traffic and roadway congestion can affect residents and those living along 
nearby access roads.  The commenter recommends consideration of potential mitigation 
measures to address traffic-related impacts on residents living along nearby access roads. 
 
Response:  Potential impacts to minority and low-income populations would mostly consist of 
environmental and socioeconomic effects (e.g., noise, dust, light, and traffic impacts).  Noise, 
dust, and light impacts would be short-term and limited to onsite activities.  Vegetation and 
earthen barriers could be used to reduce any effects on offsite populations.  Minority and low-
income populations residing along site access and the primary commuter roads could 
experience increased commuter vehicle traffic during shift changes.   
 
The potential transportation impacts of constructing and operating the proposed GLE Facility 
are addressed in Section 4.2.10.  The major impact identified in Sections 4.2.10.1 and 4.2.10.2 
was related to traffic congestion near the Wilmington Site entrance, primarily as a result of 
commuting construction and operations workers for the proposed GLE Facility.  The mitigation 
measures proposed by GLE are outlined in Section 4.2.10.3 in an effort to mitigate impacts to 
local roadways (GLE, 2008).  These measures include:  locating the proposed facility near an 
interstate highway interchange to facilitate employee commuter traffic and minimize truck traffic 
on local surface streets, increasing the number of entry gates to the Wilmington Site from 
NC 133, implementing roadway improvements (deceleration lanes, turn lanes, traffic control 
devices), working with the North Carolina Department of Transportation (NCDOT) to identify 
options to minimize impacts, stagger worker shift changes, routing truck shipments of 
radioactive materials around cities via the U.S. Interstate Highway Systems, scheduling truck 
deliveries and shipments for off-peak traffic hours, and encourage employees to carpool.   
 
Comment:  004-20 
 
The commenter believes that it is important to meaningfully engage affected communities in the 
vicinity of the proposed project site throughout the project regarding issues that have the 
potential to affect them, and that ongoing community engagement is especially important given 
that construction, operation, and decommissioning of the proposed facility may take place over 
a period of 40 years or more and could potentially result in adverse community impacts.  The 
commenter recommends that the Final EIS clarify whether a community advisory group 
currently exists, whether complaints have been received from the community regarding the 
existing facility, and how those issues have been addressed. 
 
Comment:  004-21 
 
The commenter recommends that the NRC and applicant make every effort to ensure that 
residents nearby have an opportunity to receive training and compete for jobs at the facility, that 
efforts to work with and improve schools within the vicinity of the proposed project site should 
continue, to ensure that existing and future generations are being prepared to fill those jobs. 
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Response:  NRC asked the applicant if it has any community outreach programs, especially for 
low income or minority populations.  GE does not have any outreach program, but GE does 
have a tutoring program with local elementary and middle schools.  GE also has a cooperative 
agreement with Cape Fear Community College for training future GNF-A operators, and there 
are plans to expand this program to include the proposed GLE Facility (NRC, 2010). 
 
NRC also asked if GE has a community advisory group and requested information on how GE 
handles complaints from the local community.  GE does not have a community advisory group, 
but has a presence on several local boards in the Wilmington area.  GLE has no knowledge of 
any complaints, but noted that GE has established a process for addressing public complaints 
via their public outreach working group.  GE also conducts public meetings and workshops.  GE 
did sponsor one public meeting and one public workshop in 2009 to provide the public with 
information regarding the proposed GLE Facility (NRC, 2010). 
 
J.27 Carbon Dioxide and Other Greenhouse Gas Emissions 

 
Comment:  004-8, 004-9 
 
The commenter recommends that the discussion of mitigation in the Final EIS consider 
opportunities to reduce greenhouse gases (GHGs) and other air emissions during construction 
and operation of the proposed facility; specifically, energy efficiency in construction and 
operation of buildings, equipment, and vehicles.  The commenter also states that equipment 
and vehicles using conventional petroleum (i.e., diesel) should incorporate clean diesel 
technologies and fuels to reduce emissions of GHGs and other pollutants and should adhere to 
anti-idling policies to the extent possible.  The commenter notes that alternative fuel vehicles are 
also possibilities. 
 
Response:  Section 4.2.18.5 of the EIS has been revised to include a discussion of potential 
mitigation measures.  These could include, but would not necessarily be limited to, energy-
efficient design features and features to reduce space conditioning energy requirements, use of 
renewable energy sources, use of low-GHG-emitting vehicles, and other policies to reduce GHG 
emissions from vehicle use, such as anti-idling policies and van- or carpooling. 
 
NRC requested information regarding energy efficiency during construction and operation, to 
help mitigate greenhouse gas emissions.  GLE stated that GE uses alternative fuel vehicles at 
the Wilmington Site whenever possible, and employees are encouraged to limit combustibles 
due to the nature of activities at the site (NRC, 2010). 
 
The NRC’s action with regard to the proposed GLE Facility is limited to granting a license, if 
found to be warranted, for the construction, operation, and decommissioning of the proposed 
facility.  When NRC reviews a proposed action, its ability to impose additional requirements and 
environmental mitigation and monitoring measures beyond those proposed as part of the 
license application is limited to those with a reasonable nexus to providing protection for 
radiological health and safety and common defense and security.   
 
Comment:  004-10 
 
The commenter notes that the Council on Environmental Quality’s Draft NEPA Guidance on 
Consideration of the Effects of Climate Change and GHGs is a helpful reference. 
 
Response:  The NRC is aware of the EPA guidance and appreciates the comment.  
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J.28 Cumulative Impacts 

 
Comment:  003-3-1 
 
The commenter noted the existence of 13 Comprehensive Environmental Response, 
Compensation, and Liability Information System (CERCLIS) or inactive hazardous waste sites 
within a 4-mile radius of the proposed project site; 12 of these sites are located beyond 2 miles 
from the proposed project site.  Five of the 13 sites are on the CERCLIS database, 2 of which 
are on the National Priorities List and are located at least 2 miles from the proposed project site.  
Of the other three sites in the database, two are undergoing remediation and one is under 
CERCLA evaluation.  The remaining eight sites have been transferred from the N.C. Division of 
Water Quality (DWQ) to the N.C. Inactive Hazardous Sites Branch (IHSB).  The commenter, an 
Environmental Chemist in the NCDENR Superfund Section, concluded that it was unlikely that 
the proposed GLE project would affect the CERCLIS sites or vice versa. 
 
Response:  NRC acknowledges the conclusion that the 13 inactive waste sites within 4 miles of 
the proposed project location would not likely affect the project or vice versa.  NRC further 
concludes that there would be no cumulative impacts on public health from the waste sites and 
the proposed GLE Facility.  None of the sites would likely produce exposures to uranium 
compounds or to hydrogen fluoride vapor (the emissions of concern from the proposed facility), 
nor would the public be exposed to other chemicals from the waste sites at levels that would 
cumulatively affect human health in combination with facility emissions.  Exposures to 
hazardous chemicals from either source would be at levels far below health concern, while 
potential combined exposures would still remain far below health concerns.  Given the distance 
between the sources, there would be minimal overlap of exposures, while no effects would be 
expected even if exposures were fully additive. 
 
Comment:  004-2 
 
The commenter notes that the NRC considers preconstruction activities in the context of 
cumulative impacts and that, in accordance with NEPA, the EPA considers these activities as a 
part of the project (not a separate action). 
 
Response:  NRC regulations, including, 10 CFR 70.4, define construction to explicitly exclude 
certain activities, such as land clearing and erection of administrative buildings, that do not have 
a reasonable nexus to radiological health and safety or the common defense and security.  
These activities, termed “preconstruction” activities, are regarded as “non-Federal actions” that 
do not require NRC approval or oversight.  Thus, the impacts of these actions are not 
considered to be direct impacts of the Federal action (i.e., issuance of a license); however, the 
NRC does consider preconstruction activities with respect to cumulative impacts.  In Section 
4.3, the NRC considers the cumulative impacts on the environment that would result from the 
proposed action when added to other past, present, and reasonably foreseeable future actions, 
including preconstruction activities, regardless of what agency or person undertakes such 
action.  Impacts from preconstruction activities are addressed within the various resource area 
discussions in Section 4.2 so that they can be presented alongside similar impacts from 
construction of the facility that are included in the proposed action.  In Section 4.2.16, impacts 
resulting from preconstruction are identified as a percentage of total impacts estimated to occur 
prior to facility operations.  In this sense, site preconstruction activities would be considered past 
activities for the purposes of cumulative impacts. 
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Comment:  PMT-1-001-1 
 
The commenter asked about the proximity of the proposed action to the proposed Titan Cement 
plant, and whether the Draft EIS addresses the synergistic possibility between the two projects. 
 
Response:  As discussed in Section 4.3, the Carolinas Cement Company has submitted an 
application for an air permit to construct a new cement manufacturing plant in northeastern 
Hanover County.  This project is approximately 6 miles east-northeast of the proposed 
GLE Facility.  Cumulative impacts of the proposed action and the proposed Titan Cement 
project are addressed in Section 4.3 (Cumulative Impacts) and the ensuing subsections. 
 
Comment:  PMT-1-002-6; PMT-1-002-8 
 
The commenter expressed concern about the impacts that the proposed Titan Cement project 
will have on the surrounding area.  The commenter believes that activities at the proposed Titan 
Cement facility will be volatile in both a literal and figurative sense.  The commenter is 
concerned about proceeding with the Titan project without knowing the true impacts (including 
the number of jobs that are proposed) and about the possibility of hurricane impacts on the 
project.  The commenter noted that activities at the proposed Titan facility would be 
compounded by those of the proposed action, and the commenter expressed strong opposition 
to the Titan project as a result.  The commenter believes that it is important for the public to 
understand the interface between the two projects. 
 
Response:  Assessing the direct impacts of the proposed Titan Cement project does not fall 
within the scope of this EIS.  However, the cumulative impacts of the proposed action and the 
proposed Titan Cement project are addressed in Section 4.3 (Cumulative Impacts). 
 
J.29  Environmental Measurement and Monitoring Programs 
 
No comments received on this section. 
 
J.30  Cost-Benefit Analysis 
 
No comments received on this section. 
 
J.31  Issues Outside the Scope of the Environmental Review 
 
Nonproliferation/Security/Terrorism Issues 
 
Comment:  006-1, 006-2, 006-4, 006-5 
 
The commenters find the Draft EIS deficient, unlawful, and lacking common sense and 
judgment, noting that the NRC excluded 1) national defense and security issues related to 
nonproliferation and 2) the environmental, public health, and safety impacts arising from 
damage potentially inflicted by terrorists on this type of nuclear facility. 
 
The commenters disagree with NRC’s contention that nonproliferation issues are not within 
NRC jurisdiction and therefore beyond what the NRC can regulate, stating that the NRC may 
not grant a license application “if, in the opinion of the Commission, the issuance of a license to 
such person for such purpose would be inimical to the common defense and security or the 
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health and safety of the public.”  The commenters believe that the NRC has a non-discretionary 
duty to consider whether the decision to grant this license could abet the proliferation of the 
laser-based technology to other nations (and therefore be inimical to the common defense and 
security of the United States). 
 
The commenters contend that proliferation and security issues have been a part of NEPA 
decisions since the beginning of its application, dating back to the Atomic Energy Commission’s 
programmatic environmental impact statement on the Liquid Metal Fast Breeder Reactor 
Program and the Generic Environmental Statement on Mixed Oxide Fuel, as well as the 
Department of Energy’s Draft Global Nuclear Energy Partnership Programmatic Environmental 
Impact Statement. 
 
The commenters contend that NRC is conveying a double standard by considering national 
security concerns to be within the scope of the EIS when energy security is the issue, but not 
when national security concerns derive from proliferation implications. 
 
The commenters contend that the EIS must contain a thorough analysis and discussion of the 
proliferation implications of commercializing the laser-based technology, including the potential 
for wide-spread use, theft or replication of facility specifications, hiding a facility, and conversion 
of the process to produce highly enriched uranium. 
 
The commenters disagree with the NRC’s contention that the potential damage to public health 
and the environment from a potential terrorist attack are beyond the scope of a NEPA-required 
environmental review, and contend that omitting the potential effects of terrorism ignores 
statutory obligations.  The commenters note that the NRC considers the environmental 
consequences of facility accidents, including those caused by human error, as within the scope 
of an EIS, but not the very same consequences if initiated by intent rather than error. 
 
Response:  The NRC acknowledges the commenter’s concern about the scope of the EIS.  
Independent of this review, the NRC has concluded that both nonproliferation issues and the 
effects of terrorism are beyond the scope of NRC’s NEPA reviews.   
 
The term “Nuclear Proliferation Assessment Statement” is used in the Atomic Energy Act 
of 1954 (AEA) in the context of U.S. agreements for cooperation with a foreign nation under 
Section 123 and 131 of the AEA.  Pursuant to those provisions, the NRC participated in the 
Nuclear Proliferation Assessment that allowed the SILEX technology to be transferred from 
Australia to the United States under the “Agreement for Cooperation between the United States 
of America and Australia Concerning Technology for the Separation of Isotopes of Uranium by 
Laser Excitation.”  
 
Separately, the AEA grants the NRC broad regulatory latitude to protect the public health and 
safety and common defense and security in its domestic licensing activities.  NRC safety 
regulations regarding information, physical security, and material control adequately address 
non-proliferation concerns as part of a comprehensive regulatory infrastructure and an 
integrated set of activities.  These regulations and activities are directed against activities that 
are inimical to the public health and safety and common defense and security, including the 
unauthorized disclosure of information and technology and the diversion of nuclear materials.  
Key NRC regulations in this area (10 CFR Parts 73, 74, and 95) provide comprehensive 
requirements governing the control of, and access to, information, physical security of materials 
and facilities, and material control and accounting.  As appropriate, the NRC may supplement 
these requirements by order consistent with its statutory obligation under the AEA to protect the 
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common defense and security and public health and safety.  While the AEA does not prescribe 
that NRC explicitly consider nuclear proliferation as a prerequisite to domestic licensing, the 
NRC's security requirements related to information and material control address nonproliferation 
concerns.    
 
In a matter regarding the Louisiana Energy Services Facility (LES), the Commission noted the 
Supreme Court’s decision (Department of Transp. v. Public Citizen, 541 U.S. 752, 767 (2004)) 
that NEPA requires a “reasonably close causal relationship” between the alleged environmental 
effect and the alleged cause, and found that nuclear nonproliferation issues “span a host of 
factors far removed from” and “far afield from our decision whether to license the facility...” 
(NRC, 2005).  Following LES, the Commission, in USEC Inc. (American Centrifuge Plant), 
reiterated that position.  The Commission held that nuclear nonproliferation issues are outside of 
the scope NRC’s environmental analysis because they do not have a close causal relationship 
with an NRC licensing decision and instead are “dependent upon the actions and decisions of 
the President, Congress, international organizations, and officials of other nations,” are “issues 
of international policy unrelated to the NRC’s licensing criteria ...” (NRC, 2006).   
 
Given the NRC’s comprehensive regulatory framework, ongoing oversight, and active 
inter-agency cooperation, it is the NRC’s current view that a formal nuclear nonproliferation 
assessment is not necessary to ensure the protection of the common defense and security. 
 
Similar to the nuclear proliferation issues, the Commission has ruled in a series of adjudicatory 
decisions that NEPA does not require the NRC to consider the environmental impacts from 
hypothetical terrorist attacks.  See Amergen Energy Co., LLC (Oyster Creek Nuclear Generating 
Station), CLI-07-8, 65 NRC 124 (2007).  The Commission position rests on Supreme Court 
NEPA decisions that require a showing of a close causal relationship—analogous to the 
“proximate cause” requirement in tort law—between agency action and environmental 
consequences that require NEPA analysis.  The Commission has found that there is no such 
relationship between NRC licensing actions and terrorism.  The Federal courts are split on the 
issue, with the Third Circuit upholding the Commission’s view, and the Ninth Circuit disagreeing 
with it.  Hence, for facilities located in the Ninth Circuit, the NRC does perform a NEPA-terrorism 
review.   
 
As the commenter noted, the NRC does consider the environmental consequences of facility 
accidents within the scope of the EIS, even when the results of the accidents considered and 
the potential terrorist actions may be similar.  Accidents are considered because there is a 
reasonably close causal relationship between the Federal action of licensing a facility and 
potential accidents at the licensed facility.  As indicated in the Commission decision regarding 
Private Fuel Storage (NRC, 2002), and reiterated in the Oyster Creek decision (NRC, 2007), the 
Commission holds that “The ‘environmental’ effect caused by third party miscreants is…simply 
too far removed from the natural or expected consequences of agency action to require a study 
under NEPA.” 
 
Comment:  PMT-1-005-3 
 
The commenter recognizes the sensitive nature of uranium enrichment technology and believes 
that a robust U.S. enrichment program that is capable of supplying the world with a reliable 
source of affordable nuclear fuel will dissuade other nations from building their own enrichment 
facilities (which could be misused or converted to produce weapons grade uranium). 
 
Response:  The NRC acknowledges the comment.  
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J.32  General Comments 
 
Comment:  PMT-2-001-1; PMT-2-001-2; PMT-2-001-3 
 
The commenter asked where and how uranium is mined and shipped to the site of the proposed 
action. 
 
Response:  Uranium is mined throughout the world, including Kazakhstan, Canada, Australia, 
Namibia, South Africa, and the United States.  The United States produces approximately 
3-4 percent of the total uranium mined each year.  Uranium can be extracted from the earth as 
an ore or dissolved in a liquid (in situ).  The ore is converted in a conversion facility from an 
oxide form (commonly U3O8) to uranium hexafluoride (UF6). 
 
As noted in Section 4.2.10 and Appendix D, unenriched UF6 would be transported to the 
proposed facility as a solid, in 2.5-ton steel cylinders.  At an enrichment facility, the UF6 is 
converted directly from a solid to a gas before being fed into the enrichment process.  Once the 
enrichment process is finished, the depleted UF6 is converted back to a solid for storage or 
shipment in 2.5-ton steel cylinders.  The enriched UF6 would be sent to a fuel fabrication facility, 
including the GNF-A facility at the Wilmington Site. 
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