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1.0 INTRODUCTION
This Site-Specific Environmental Radiation Monitoring Plan (ERMP) has been developed to
fulfill the U.S. Army’s compliance with license conditions #18 and #19 of the U.S. Nuclear Regulatory
Commission (NRC) source material license (SML) SUC-1593 for the possession of depleted uranium
(DU) spotting rounds and fragments as a result of previous use at sites located at U.S. Army installations.
This Site-Specific ERMP is an annex to the Programmatic Approach for Preparation of Site-Specific
ERMPs (PAERMP) (ML16004A369) (U.S. Army 2015) and describes the additional details related to
Fort Bragg, North Carolina, in addition to those presented in the PAERMP.
1.1

PURPOSE

NRC issued SML SUC-1593 to the Commanding General (CG) of the U.S. Army Installation
Management Command (IMCOM) authorizing the U.S. Army to possess DU related to historical training
with the 1960s-era Davy Crockett weapons system at several installations nationwide. In order to comply
with the conditions of the license, this Site-Specific ERMP has been developed to identify potential routes
for DU transport and describe the monitoring approach to detect any off installation migration of DU
remaining from the use of the Davy Crockett weapons system at Fort Bragg. The installation will retain
the final version of this Site-Specific ERMP. In accordance with license condition #19, the U.S. Army is
required to implement fully this Site-Specific ERMP within 6 months of NRC approval. This SiteSpecific ERMP and its implementation is then subject to NRC inspection. Table 1-1 summarizes the
locations, media, and frequency of sampling described further in this Site-Specific ERMP.
Table 1-1. Recommended ERM Sample Location
Sample Location

Sample Media

Sample Frequency

Co-located surface water and
sediment samples downstream
(SWS-08) from the OP-5 Range
RCA, as shown in Figure 1-2 based
on the rationale presented in
Section 2.1

Surface water and sediment based
on the programmatic rationale
presented in the PAERMP and
site-specific details presented in
Section 2

Quarterly unless prevented by
weather (e.g., lack of surface water
from drought)

1.2

INSTALLATION BACKGROUND

Fort Bragg is an approximately 160,760-acre installation located in Cumberland, Harnett, Hoke,
and Moore counties, just west of Interstate 95 adjacent to the cities of Fayetteville and Spring Lake, North
Carolina (Figure 1-1).
In August 1918, the War Department issued orders establishing Camp Bragg as a Field Artillery
Cantonment and, in 1919, initial construction was complete. In 1922, Camp Bragg was established as a
permanent U.S. Army post and was renamed Fort Bragg. Once established as a permanent post, the
installation’s infrastructure was developed and land acquisitions were made to accommodate a transition
as a long-range artillery training area (TA). In the 1940s, the U.S. Army created the Airborne Command
at Fort Bragg, and a number of airborne units were transferred to the installation for training. By the mid1940s, Fort Bragg’s soldier population had reached 100,000, including artillerymen, infantry divisions,
and the 82nd Airborne. The soldier population and training role of Fort Bragg continued to grow and
transition with advancements in military training and weapons throughout the installation’s history.
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Figure 1-1. Installation and Radiation Control Area Location Map
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Figure 1-2. Radiation Control Area (OP-5 Range) and Proposed ERM Samples
Preliminary Final Site-Specific ERM P
Fort Bragg, North Carolina

1-3

September 2016

THIS PAGE WAS INTENTIONALLY LEFT BLANK

As of today, Fort Bragg is the largest U.S. Army installation in the world (by population),
providing a home to almost 10 percent of the U.S. Army’s Active Component forces. The installation’s
current operational footprint includes 272 operational ranges and a 2,465-acre nonoperational cantonment
area.
An Archives Search Report (ASR) (USACE 2008) confirmed the Davy Crockett weapon system
was fielded and fired at Fort Bragg, North Carolina. Although remnants of the Davy Crockett weapon
system were not found at Fort Bragg during the ASR inspection, the OP-5 Range was designated a
radiation control area (RCA) and consists of approximately 248 acres, as shown in Figure 1-2. The
nearest normally occupied areas to the OP-5 Range or RCA is located approximately 3.8 miles south of
the RCA.
1.3

HISTORICAL INFORMATION

The M101 spotting round contained 6.7 ounces of DU and was a component of the 1960s-era
Davy Crockett weapons system. Used for targeting accuracy, the M101 spotting rounds emitted white
smoke upon impact. The rounds remained intact or mostly intact on or near the surface following impact
and did not explode. Remnants of the tail assemblies may remain at each installation where the U.S.
Army trained with the Davy Crockett weapons system from 1960 to 1968. These installations include
Fort Benning, Fort Bragg, Fort Campbell, Fort Carson, Fort Gordon, Fort Hood, Fort Hunter Liggett, Fort
Jackson, Fort Knox, Fort Polk, Fort Riley, Fort Sill, Fort Wainwright, Joint Base Lewis-McChord (Fort
Lewis and Yakima TA), Joint Base McGuire-Dix-Lakehurst (Frankford Arsenal Range), Schofield
Barracks Military Reservation, and Pohakuloa TA.
The U.S. Army does not know if any cleanup or retrieval of these rounds or remnants has
occurred at Fort Bragg; therefore, it is assumed that most, if not all, of the 810 kilograms (kg) of DU from
the rounds fired remains in the RCA.
1.4

PHYSICAL ENVIRONMENT

Fort Bragg is located in the coastal plain physiographic unit characterized by mostly
unconsolidated and partially consolidated sediments. Surface water drainage across Fort Bragg is divided
into southern and northern portions by the Rockfish Creek and Little River watershed, respectively.
Approximately 75 percent of Fort Bragg’s range areas, including the OP-5 Range (Figure 1-2), lie within
the Rockfish Creek watershed, while the remaining 25 percent are situated within the Little River
watershed (EA 2014).
Rockfish Creek originates just west of the installation’s boundary and serves as the primary
drainage for the southern portion of Fort Bragg, including the OP-5 Range RCA. The creek flows
southeast, before exiting Fort Bragg’s southern boundary, then east before discharging into the Cape Fear
River. Tributaries of Rockfish Creek (Juniper Creek, Nicholson Creek, Puppy Creek, Little Rockfish
Creek, and Bones Creek) drain Fort Bragg’s southern impact areas and discharge into the creek south of
the installation boundary.
The Puppy Creek drainage system consists of its main channel as well as Rays Creek and
McDuffie Creek, which feed it from the west. These streams bisect the OP-5 Range, directing flow to the
south and southeast, before discharging into Rockfish Creek approximately 6.5 miles south of the range
area boundary.
Surface soils within Fort Bragg’s range areas, including the OP-5 Range, are composed of sands
and loamy sands. Based on the rapid permeability rates of these sands, munitions constituents deposited
on surface soils have the potential to mobilize into the shallow groundwater via vertical infiltration. The
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groundwater beneath Fort Bragg, which is generally encountered at 5 to 20 feet below ground surface
(bgs), is contained within three primary aquifers (geologic formations): Middendorf, Cape Fear, and
Saprolite-Basement.
The Middendorf aquifer is approximately 150 to 200 feet thick and consists of fluvial deposits
resulting from meandering streams and rivers, which flowed from the northwest (EA 2011). This
unconfined to semi-confined aquifer receives recharge from the vertical infiltration of surface water and
precipitation. The Middendorf aquifer outcrops at approximately 90 percent of Fort Bragg’s range areas.
Flow direction within this shallow aquifer varies depending on location in relation to an east-west
trending groundwater divide, but typically flows north-northeast or south-southeast from the divide.
Shallow groundwater within close proximity of surface water flows toward and eventually discharges into
on-range surface water streams and tributaries, which laterally and vertically bisects much of Fort Bragg’s
range area. The Middendorf aquifer is classified as a water table aquifer and serves as the primary supply
of potable water for residential and commercial/industrial communities located off the installation (EA
2014).
Potential munitions constituents deposited on the surface soils within the OP-5 Range may
mobilize into Middendorf aquifer, which outcrops within the Puppy Creek subwatershed, via vertical
infiltration. Once in the shallow groundwater, munitions constituents can be transferred to the south
toward Puppy Creek. There are six community wells (screened within the Middendorf aquifer) within 4
miles and downgradient from the Puppy Creek subwatershed. These wells occur in two distinct clusters,
which are located approximately 3 miles apart. The westernmost cluster consists of two wells, located
approximately 3 miles south of the range area’s southern boundary. The eastern cluster of wells consists
of four wells, located approximately 1.5 miles south of the range area’s southern boundary.
The deeper Cape Fear aquifer is composed of clay interbedded with silt and silty sand. This
confined aquifer, which is overlain by a thick layer of clay (upper Cape Fear Confining Unit), has an
average thickness of 100 to 150 feet and does not receive recharge from the overlying shallow aquifers or
through vertical infiltration of precipitation on the installation.
The Saprolite-Basement aquifer consists of unfractured metamorphic and crystalline Cambrian
and Precambrian basement rocks. Because this aquifer contains limited water, it is not used as a water
source for wells in the region. This aquifer is not utilized as a primary water source and is hydraulically
separate from the overlying aquifers.
1.5

EVALUATION OF POTENTIAL SOURCE-RECEPTOR INTERACTIONS

The transport of DU can be potentially completed along the identified pathways to human and/or
ecological receptors. Specific details regarding the potential receptors for the OP-5 Range RCA at Fort
Bragg are as follows:
•

Surface Water Use—Surface water surrounding Fort Bragg, including the Little River,
Rockfish Creek, and their tributaries, are utilized for recreational activities and contain
sensitive environments, habitats, and ecological receptors. No known use of surface water
exists for consumption of drinking water downstream from Fort Bragg.

•

Recreational Use—Recreational activities occurring within 15 miles and downgradient from
Fort Bragg include boating, fishing, and swimming in the Little River, Rockfish Creek, and
their tributaries.

•

Sensitive Environments—Sensitive environments at and around Fort Bragg include wetlands,
wetland areas, and habitats used by federally protected species (e.g., American chaffseed
[Schwalbea Americana], Michaux’s sumac [Rhus michauxii], red-cockaded woodpecker
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(RCW) [Picoides borealis], rough-leaved loosestrife [Lysimachia asperulifolia], and Saint
Francis’ satyr [Neonympha mitchellii francisci]). The installation and surrounding area are
home to the second largest endangered RCW population in the world. About 90,000 acres of
longleaf pine are found at Fort Bragg and Camp Mackall, making it the largest federally
owned longleaf pine forest in the country. The endangered Saint Francis’ satyr is also found
on Fort Bragg. Loss of the wetland habitat is a primary threat to the Saint Francis’ satyr. It is
also estimated that approximately 9,570 acres of wetlands are within Fort Bragg.
•

Habitat—There are numerous species that occur or may occur at Fort Bragg or in the
surrounding community that have been designated a special status at the Federal and/or state
level based on their risk of extirpation or decline. The RCW is unique among woodpeckers
in that it excavates cavities, used for roosting and nesting, in old living pine trees. Bordering
the cantonment area to the west and south is the crescent-shaped Greenbelt, a forested area
that supplies habitat for the RCW. The Saint Francis’ satyr is one of the rarest and least
known American butterflies; its habitat consists primarily of open wet meadows, interspersed
with woody stems and dominated by a high diversity of sedges and other wetland grasses. In
the North Carolina sandhills, such meadows are often relicts of abandoned beaver
impoundments. Other wetland habitat types may be suitable habitat. It appears beavers and
frequent fires play an important role in habitat development. Larger pitcher plant bogs may
be breeding sites based on numbers of butterflies observed, compared to smaller, linear
shaped pocosins, which appear to be dispersal pathways.

•

Ecological Receptors—A total of 110 threatened and endangered nonvascular/vascular
plants, including silvery sedge, twig rush, and Venus flytrap, were identified in Cumberland,
Hoke, Hartnett, and Moore Counties in North Carolina. The Fort Bragg Endangered Species
Branch manages five federally endangered species through the management of the longleaf
pine/wiregrass ecosystem, which exists on and off-range. The eight threatened and
endangered species found on and surrounding Fort Bragg are as follows: American
chaffseed, Michaux’s sumac, RCW, rough-leaved loosestrife, Saint Francis’ satyr, American
alligator, bald eagle, and the Cape Fear shiner. In addition, 179 sensitive species are located
in the area surrounding Fort Bragg.

•

Groundwater Use—Groundwater is not currently used as a drinking water source for Fort
Bragg’s cantonment area. Groundwater wells within the cantonment area provide irrigation
water for the Fort Bragg golf courses. In addition, a number of on-range supply wells
provide non-potable water for isolated range areas. Groundwater from the Middendorf
aquifer is utilized by a number of off-range/installation residential and commercial/industrial
communities within 4 miles downgradient from current and historical source areas.

Potential human receptors include off-range/installation residential and commercial/industrial
communities relying on potential public and private wells within 4 miles downgradient from Fort Bragg
for potable water. In addition, the creeks flow directly into sensitive wetlands and may serve as habitat
for several special status species that are considered ecological receptors.
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2.0 ERMP SAMPLE DESIGN
The PAERMP documented the conditions (i.e., “if-then” statements) for the sampling of each
environmental medium to be used during the development of the Site-Specific ERMPs, and only
environmental media recommended for sampling in the PAERMP are presented in the sections below.
Per the PAERMP, no sampling will occur within the RCA or in the unexploded ordnance (UXO) areas
(also referred to as Dudded Impact Areas). In addition, background/reference sampling is not required
because the determination of DU presence will be based on an examination of the isotopic uranium ratios.
The sampling approach and rationale for each medium for the OP-5 Range at Fort Bragg are discussed in
the following sections.
2.1

SURFACE WATER AND SEDIMENT

The surface water and sediment sampling approach will involve the collection of one collocated
sample from SWS-08, a location downstream from the OP-5 Range RCA (Figure 1-2) where surface
water flows throughout the year. If surface water is not flowing when a quarterly sampling event is
planned (e.g., dry stream) or when sampling is too dangerous (e.g., rapid flow during flooding), no
surface water samples will be collected during that event. Sediment samples will be collected on a
quarterly basis unless sediment is inaccessible when a quarterly sampling event is planned (e.g.,
flooding).
The surface water and sediment sampling location downstream from the OP-05 Range near the
installation boundary was selected based on the surface water hydrology and potential for DU
contribution and is located as follows:
•

SWS-08—The selected sampling point is located on Puppy Creek, downstream from the
RCA, which is within the eastern two-thirds of the Coleman Impact Area. The Puppy Creek
drainage system consists of a main channel as well as Rays Creek and McDuffie Creek,
which feed it from the west. These streams dissect the Coleman Impact Area and the RCA,
directing flow to the south and southeast adjacent to a number of live-fire ranges, before
discharging into Rockfish Creek approximately 6.5 miles south of the range area boundary.
SWS-08 was selected as a surface water exit point of Puppy Creek downstream from the
eastern half of the Coleman Impact Area and the RCA and near the Fort Bragg boundary.

Historical surface water and sediment sample locations SWS-01 through SWS-07, SWS-09, and
SWS-10 will not be sampled during the environmental radiation monitoring (ERM). The proposed ERM
is focused on Puppy Creek because the locations are downstream from the OP-5 Range RCA. SWS-01
and SWS-02 are upstream reference locations and SWS-03 (Mill Creek), SWS-04 (Cypress Creek), SWS05 (Gibson Creek), SWS-06 (Bones Creek), SWS-07 (Little Rockfish Creek), SWS-09 (Nicholson
Creek), and SWS-10 (Juniper Creek) are not downstream from the RCA.
Surface water and sediment samples will be analyzed for total/isotopic uranium using the U.S.
Department of Energy (DOE) Health and Safety Laboratory (HASL) method 300 (alpha spectrometry).
Further details of analytical procedures and quality assurance/quality control (QA/QC) information are
presented in Annex 19. When analytical sampling results from locations outside the RCA indicate that
the uranium-238 (U-238)/uranium-234 (U-234) activity ratio exceeds 3.0, the U.S. Army will notify NRC
within 30 days and collect additional surface water and sediment samples within 30 days of the
notification to NRC, unless prohibited by the absence of the sampling media. The analytical samples
displaying an activity ratio exceeding 3.0 will be reanalyzed using inductively coupled plasma-mass
spectroscopy (ICP-MS) for their U-234, uranium-235 (U-235), and U-238 content to calculate the U-235
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weight percentage specified in 10 Code of Federal Regulations (CFR) § 110.2 (Definitions) and then to
determine if the sample results are indicative of totally natural uranium (at or about 0.711 weight percent
U-235) or DU mixed with natural uranium (obviously less than 0.711 weight percent U-235).
Based upon review of stream flow data from the U.S. Geological Survey (USGS) gauging station
on Rockfish Creek at Raeford, North Carolina (ID #02104220) and from the USGS gauging station on the
Little River at Linden, North Carolina (ID #02103500), the highest stream flows (wet season) typically
occur in April with the lowest flows (dry season) in October (EA 2011). The surface water and sediment
sampling can be conducted on the PAERMP’s specified quarterly interval.
Surface water and sediment were sampled at the recommended ERM downstream sampling
location, SWS-08, during the ORAP Phase II assessment in 2011 and 2013 and analyzed for uranium (EA
2014). DU was not detected based on interpretation of uranium isotopes in the Puppy Creek surface
water sample. The range of U-238/U-234 activity ratios from the May 2011, October 2011, and May
2013 sediment sampling events are presented in Table 2-1.
Table 2-1. U-238/U-234 Activity Ratios for Sediment Samples
Sample Location

Number of Samples

Observed Ratios*

Downstream (Puppy Creek)
Reference (Jennie Creek)

3
3

0.86-0.89
0.48-1.27

* T he U-238 to U-234 activity ratio and the weight percent U-235 mass ratio are used to determine whether a given sample is indicative of
natural, depleted, or enriched uranium. U-238/U-234 activity ratios of 3.0 or less are representative of natural uranium, whereas higher
ratios are potentially indicative of DU (NRC 2016).

2.2

GROUNDWATER

One groundwater monitoring well located downgradient from the OP-5 Range RCA (GW-02)
was sampled for uranium during the ORAP Phase II assessment. Groundwater samples collected from
January 31 through March 1, 2012 were analyzed for uranium (EA 2014). The U-238/U-234 activity
ratio from the 2012 sampling event is presented in Table 2-2. The existing groundwater monitoring wells
are shown in Figure 1-2.
Table 2-2. U-238/U-234 Activity Ratio for the Groundwater Sample
Sample Location

Number of Samples

Observed Ratios*

GW-01

1

0.75

*T he U-238 to U-234 activity ratio and the weight percent U-235 are used to determine whether a given sample is indicative of natural,
depleted, or enriched uranium. U-238/U-234 activity ratios of 3.0 or less are representative of natural uranium, whereas higher ratios are
potentially indicative of DU (NRC 2016).

Presently, no groundwater wells are located at or near the RCA. Since surface water is known to
recharge groundwater, any DU potentially present in surface water that could impact groundwater will
likely be detected through surface water and sediment sampling. For this reason and additional rationale
included in the PAERMP (U.S. Army 2015), groundwater sampling is not planned for Fort Bragg.
2.3

SOIL

If an area of soil greater than 25 square meters (m2 ) eroded from an RCA is discovered during
routine operations and maintenance activities, the U.S. Army will sample that deposit semiannually with
one sample taken per 25 m2 unless the soil erosion is located in a UXO area. The collection of ERM
samples in UXO areas generally will not occur. Exceptions will occur only with documented consultation
among the License Radiation Safety Officer (RSO), installation safety personnel, and range control
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personnel, who will advise the Installation Commander (i.e., they will prepare a formal risk assessment in
accordance with U.S. Army [2014]). The Installation Commander will then decide whether to allow the
collection. Otherwise, Fort Bragg does not meet any other criteria that would require soil sampling in
accordance with the PAERMP (U.S. Army 2015).
Prior to mobilization, field sampling personnel will contact Range Control, the Installation RSO,
or designee to determine if erosional areas within the RCA have been identified and, if so, sampled in
accordance with requirements in Section 3.0 and Annex 19.
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3.0 ERMP METHODOLOGY
The sampling and laboratory analysis procedures to be utilized during the ERM are described
below. These procedures provide additional details and required elements to support the Site-Specific
ERMP and must be utilized in conjunction with the standard operating procedures (SOPs) during
execution of ERM activities. This Site-Specific ERMP is to be used in conjunction with Annex 19,
which addresses programmatic requirements associated with ERM sampling, such as chain-of-custody
(CoC), packaging for shipment, shipping, collecting field QC samples (e.g., field duplicate samples), and
documenting potential variances from sampling procedures. Annex 19 has been prepared in accordance
with guidance from the Uniform Federal Policy for Quality Assurance Project Plan (UFP-QAPP)
Optimized Worksheets (IDQTF 2012). All entry to Fort Bragg will be coordinated with the Fort Bragg
Installation Safety Office and Range Control prior to mobilizing for fieldwork.
Only a laboratory that the U.S. Department of Defense (DoD) Environmental Laboratory
Accreditation Program (ELAP) has accredited for uranium analysis using both alpha spectrometry and
ICP-MS methods will perform radiochemical analyses for the purposes of NRC license compliance. The
U-238 to U-234 activity ratio and the weight percent U-235 are used to determine whether a given sample
is indicative of natural uranium or DU. The laboratory will use alpha spectrometry to analyze samples
for U-234 and U-238 activities in order to comply with license condition #17 in NRC SML SUC-1593.
All samples with U-238/U-234 activity ratios exceeding 3.0 will be reanalyzed using ICP-MS for their
U-234, U-235, and U-238 content to identify samples with DU content (NRC 2016). The ICP-MS results
for U-234, U-235, and U-238 are summed to calculate a total mass of uranium present, which will be used
to calculate the weight percentage of U-235 and then to determine if the sample results are indicative of
totally natural uranium (at or about 0.711 weight percent U-235) or DU mixed with natural uranium
(obviously less than 0.711 weight percent U-235). Additional details about the sampling and analysis to
support this site-specific ERMP are included in Annex 19.
3.1

SURFACE WATER SAMPLING

A surface water sample will be collected from SWS-08 and submitted for laboratory analysis.
The grab surface water sample will be collected using disposable equipment (e.g., tubing) or collected
directly into sample containers. Details of the surface water sampling and the associated field procedures
are provided in Annex 19.
Sampling activities, including documentation of the site conditions and the sample details, will be
included within the field logbook. Following the sampling, each location will be surveyed with a
differential global positioning system (DGPS) unit to identify the location with sub-meter accuracy and
documented in the field logbook. Digital photographs will be taken during the sampling.
Once the sample is collected, the sample and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.
3.2

SEDIMENT SAMPLING

The collection of the sediment sample will coincide with the surface water sampling activities and
consist of the compositing of at least 10 subsamples collected from various areas of the stream bed.
Sample collection will start downstream and move upstream, and sediment samples will be collected in
the shallow surface water locations using a clean, disposable plastic scoop. Sampling locations within the
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stream beds should be selected where the surface water flow is low and/or deposition is most likely, such
as bends in the creek as it changes direction. The sediment sampling procedure is as follows:
1. The individual performing the sampling will don clean gloves and prepare a disposable tray or
sealable plastic bag and a plastic scoop.
2. Use a disposable scoop to remove the loose upper sediment uniformly from at least 10
subsample locations, starting downstream from the area to be sampled and moving upstream.
Do not exceed 3 centimeters in depth into the sediment. Collect a sufficient quantity of
sediment for QA/QC.
3. Place sediment into a disposable tray or sealable plastic bag (e.g., Ziploc®).
4. Remove rocks, large pebbles, large twigs, leaves, or other debris.
5. Remove excess water from the sediment. This may require allowing the sample to settle.
6. Thoroughly mix (homogenize) the sediment within the disposable tray or bag.
7. Fill the appropriate sample containers.
8. Mark the sample location with a stake and log its coordinates using a DGPS unit.
9. Collect digital photographs and document data in the field logbook.
Additional details of the sediment sampling and the field procedures are provided in Annex 19.
Once samples are collected, the samples and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.
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4.0 RESRAD CALCULATIONS
This section documents the dose assessment results for a hypothetical residential farmer receptor
located in the RCA, as applicable, and for the same receptor scenario located at the nearest normally
occupied area, respectively. The dose assessments were completed to comply with license condition #19
of NRC SML SUC-1593.
The dose assessments were conducted using the Residual Radiation (RESRAD) 7.2 (Yu et al.
2016a) and RESRAD-OFFSITE 3.2 (Yu et al. 2016b) default residential farmer scenario pathways and
parameters with the following exceptions:
•

Nuclide-specific soil concentrations for U-238, U-235, and U-234 were calculated for each
RCA by multiplying the entire mass of DU listed on the license for the installation (810 kg)
by the nuclide-specific mass abundance, the nuclide specific activity, and appropriate
conversion factors to obtain a total activity in picocuries (Table 4-1). That total activity was
then assumed to be distributed homogenously in the top 6 inches (15 cm) of soil located
within the area of the RCA.
Table 4-1. Specific Activity and Mass Abundance Values

a
b

Specific Activity

Mass Abundanceb

Nuclide
U-234

Ci/g
6.22 × 10-3

%
3.56 × 10-4

U-235
U-238

2.16 × 10-6
3.36 × 10-7

0.0938
99.9058

Depleted uraniuma

3.6 × 10-7

100

10 CFR 20, Appendix B, Footnote 3.
M ass abundance calculations provided in Attachment 1.

•

Non-default site-specific parameters applicable to both RESRAD and RESRAD-OFFSITE
are listed in Table 4-2.

•

Non-default site-specific parameters applicable only to RESRAD-OFFSITE are listed in
Table 4-3.

•

Groundwater flow was conservatively set in the direction of the offsite dwelling.
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4.1

RESRAD INPUTS

Table 4-2. Non-Default RESRAD/RESRAD-OFFSITE Input Parameters for Fort Bragg RCA
Default
Value

Fort Bragg
OP-5 Range

DCFPA
K 3.02

FGR 11 & 12

U-234

N/A

7.97 × 10-2

U-235

N/A

7.29 × 10-3

U-238

N/A

1.21

Area of contaminated zone (m )

10,000

1,000,000

Depth of contaminated zone (m)

2

0.15

Fraction of contamination that is
submerged

0

0

Length parallel to aquifer flow (m)

100

1,000

Length of RCA is approximately 1,000 m

Contaminated zone total porosity

0.4

0.39

RESRAD M anual Table E-8 (DOE 2001) for Coarse Sand

Contaminated zone hydraulic
conductivity (m/y)

10

4,930

RESRAD M anual Table E.2 (DOE 2001) for Loamy Sand

Contaminated zone b parameter

5.3

4.38

RESRAD M anual Table E.2 (DOE 2001) for Loamy Sand

Average annual wind speed (m/s)

2.0

0.5

State Climate Office of North Carolina

Precipitation rate (annual rainfall)
(m/y)

1.0

1.2

State Climate Office of North Carolina

Saturated zone total porosity

0.4

0.39

RESRAD M anual Table E-8 (DOE 2001) for Coarse Sand

Saturated zone effective porosity

0.2

0.3

RESRAD M anual Table E-8 (DOE 2001) for Coarse Sand

Saturated zone hydraulic conductivity
(m/y)

100

1,090

RESRAD M anual Table E.2 (DOE 2001) for Sandy Loam

Saturated zone b parameter

5.3

4.9

RESRAD M anual Table E.2 (DOE 2001) for Sandy Loam

Unsaturated zone 1, total porosity

0.4

0.39

RESRAD M anual Table E-8 (DOE 2001) for Coarse Sand

Unsaturated zone 1, effective porosity

0.2

0.3

RESRAD M anual Table E-8 (DOE 2001) for Coarse Sand

5.3

4.05

RESRAD M anual Table E.2 (DOE 2001) for Sandy Loam

10

5,550

RESRAD M anual Table E.2 (DOE 2001) for Sandy Loam

Parameter
Internal dose library

Justification or S ource
Conservative dose coefficients for site contaminants

Contaminated Zone
Soil concentrations (pCi/g)
2

Site-specific calculation based on the DU mass listed in the
NRC SM L = D U mass × nuclide specific mass abundancea ×
nuclide specific activity 1 / (CZ area × CZ depth × CZ density)
One square kilometer
NRC SM L SUC-1593, Item 11, Attachment 5
Depth to groundwater is generally 5 to 20 ft bgs

S aturated Zone

Unsaturated Zone

Unsaturated zone 1, soil- specific b
parameter
Unsaturated zone 1, hydraulic
conductivity (m/y)
a

See T able 4-1.
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Table 4-3. Non-Default RESRAD-OFFSITE Input Parameters for Fort Bragg RCA
RCA Layout Parameter

OP-5 Range

Distance to nearest normally occupied area (m)

740

Bearing of X axis (degrees)

292.5 (west-northwest)

X dimension of primary contamination (m)

1,000

Y dimension of primary contamination (m)

1,000
X Coordinate (m)

Location

Y Coordinate (m)

Smaller

Larger

Smaller

Larger

Fruit, grain, non-leafy vegetables plot

500

531.25

7100

7132

Leafy vegetables plot

500

531.25

7134

7166

Pasture, silage growing area

500

600

7316

7416

Grain fields

500

600

7166

7266

Dwelling site

500

531.25

7000

7032

Surface-water body

500

800

7416

7716

Atmospheric Transport Parameter
M eteorological STAR file

NC_FAYETTEVILLE.str

Length parallel to aquifer flow

1000

Groundwater Transport Parameter
Distance to well (parallel to aquifer flow) (m)

740

Distance to surface water body (SWB) (parallel to aquifer flow)
(m)
Distance to well (perpendicular to aquifer flow) (m)

0

Distance to right edge of SWB (perpendicular to aquifer flow) (m)

-150

Distance to left edge of SWB (perpendicular to aquifer flow) (m)

150

Anticlockwise angle from x axis to direction of aquifer flow
(degrees)

4.2

1,156

112.5

RESULTS

Table 4-4 presents the dose assessment results. Figure 4-1 presents graphs of the dose assessment
results over the evaluation period. The calculated site-specific all pathway dose for each RCA evaluated
at Fort Bragg does not exceed 1.0 × 10-2 milliSievert per year (mSv/y) (1.0 millirem per year [mrem/y])
total effective dose equivalent (TEDE) and meets license condition #19 of NRC SML SUC-1593.
Table 4-4. RESRAD-Calculated Maximum Annual Doses for Resident Farmer Scenario
a

Onsite (RESRAD)
RCA
Fort Bragg OP-5 Range
a
b

Offsiteb
(RESRAD-OFFS ITE)

Maximum Annual Dose (mrem/y

0.18

0.073

The onsite residential farmer receptor resides on the RCA.
The offsite residential farmer receptor resides off of the RCA, but within the installation, at the nearest normally
occupied area.

RESRAD and RESRAD-OFFSITE output reports for each RCA are provided on the compact
disk (CD).
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Figure 4-1. Residential Farmer Receptor Dose Graphs
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Attachment 1
Analysis of NRC’s Default Value for Depleted Uranium Specific Activity
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