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Programmatic Approach for Preparation
of Site-Specific Environmental Radiation Monitoring Plans
1. Introduction
The purpose of this document is to provide guidance to garrison personnel on the
design of site-specific environmental radiation monitoring plans (ERMPs). The Nuclear
Regulatory Commission (NRC) requires the Army to develop and implement these
plans at every garrison named on NRC license number SUC-1 593, which the NRC
issued to CG IMCOM.
The purpose of a site-specific ERMP is to describe the environmental radiation
sampling program to detect M101 spotting round depleted uranium (DU) leaving the
radiation control area (RCA). The plan explains, for a specific RCA, which
environmental pathways require evaluation, which samples will be taken for those
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Figure 1 Environmental Pathways for MI01 depleted uranium leaving a radiation controlled area
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evaluations, where these samples will be taken, how often these samples will be taken,
and how these samples will be analyzed for DU.
Figure 1 shows generic environmental pathways (depicted by arrows) that DU could
follow from inside the RCA (inside the shaded oval) to outside the RCA (outside the
shaded oval). Rectangles inside the shaded oval depict media in which DU resides
inside the RCA. Rectangles outside the shaded oval depict potential sample media
outside the RCA.
2. Risk Assessment
According to the "standardized Army risk matrix" (US Army 2014a), entry into an area
know to contain unexploded ordnance (UXO) involves "high risk."'1 "High risk" means
"...

high potential for serious injury to personnel

...

if hazards occur during the mission.

This implies that, if a hazardous event occurs, serious consequences will occur. The
decision to continue must be weighted carefully against the potential gain to be
achieved by continuing this [course of action]" (US Army 2014a).
Entry into a UXO area requires support from explosive ordnance disposal (EQO)
personnel. 2 While EOD support mitigates the risk of entry into a UXO area, it does not
eliminate the risk.
The "potential gain to be achieved" by collection of environmental radiation samples in a
UXO area is knowledge of the concentration of DU in samples of soil, water, air, or biota
in the UXO area. However, according to results of RESRAD calculations, 3 it is almost
certain that laboratory results from analyses of these samples will indicate DU
concentrations (if any DU is detected at all) and implied average annual doses that are
far below NRC standards. That is, the potential gain is minimal.
Therefore, collection of environmental radiation samples in UXO areas generally will not
occur. Exceptions will occur only with documented consultation among the License
Radiation Safety Officer, garrison safety personnel, and range control personnel, who
will advise the garrison commander (that is, they will prepare a formal risk assessment
(US Army 2014a)). The garrison commander will then decide whether to allow the
collection.

1 From Table 3-3, Standardized Army risk matrix, in DA PAM 385-63 (US Army 2014a): [Severity

(expected consequence) = Catastrophic (Death, unacceptable loss
frequency) = Seldom (infrequent occurrences)] --) H = "high risk."

... )

vs. Probability(expected

2 "Access into temporary and/or dedicated impact areas will be strictly controlled. Those portions of

temporary and dedicated impact areas authorized for training or other authorized purposes will be surface
cleared of UXO before access is permitted." (US Army 2014b)
3 See "Bounding Calculations Using RESRAD 7.0 and RESRAD-OFFSITE 3.1," which is included with this
license amendment application.
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3. Principles
Each garrison named in the license will produce a site-specific ERMP following the
guidance in this document. The site-specific ERMP will describe:
* why each potential sample media is or is not being sampled,
* how many samples will be taken of each media,
* how often the samples will be taken, 4

where these samples will be taken, and

..

* why those locations were chosen.
Each garrison will provide a site-specific ERMP for each RCA to the License Radiation
Safety Officer (RSO) within six months of the date of the NRC's approval of this
document. 5 The License RSO will review those site-specific ERMPs and ask for
changes or corrections, as necessary. The Garrison and License RSO will work
together to produce final site-specific ERMPs within the next six months. The Garrison
will retain these final site-specific ERMPs and begin immediate implementation of them.
The site-specific ERMPs and their implementations are then subject to NRC inspection.
The NRc issued the Davy Crockett M101 spotting round legacy DU license to
Commanding General, US Army Installation Management Command (IMCOM).
Therefore, the garrison will bear all costs for preparation and implementation of the sitespecific ERMP and for collection, shipping, and radiochemical analyses of
environmental samples. As necessary, the garrison should request funding for these
costs through the usual channels in the usual way from HQ IMCOM.
The site-specific ERMP will include the name and contact information for each
radiochemistry laboratory used for analysis and a protocol for sampling each type of
media. 6
The site-specific ERMP will include criteria for periodic review and potential adjustment
to the sampling plan to accommOdate:
•

Changes in the understanding of risk associated with exposure to DU in the
environment
* Changes in local/regional land use
* Changes in environmental transport characteristics or environmental conditions
•that improves/encroaches on the conservative assumptions of the bounding
RESRAD analysis of this programmatic ERMP

4 Samples at each location will be taken at least annually but should be taken more often (semiannually or
quarterly) if seasonal variations are prevalent.
5 The approval'will be in the form of an amendment to NRC License Number SUC-1 593.
6 The radiochemistry laboratory to which samples will be sent should provide definitive information about
how it wants the samples taken, packaged, and shipped.
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*
*

Trends in sampling results identifying increased/decreased mobilization of DU,
but at levels below the bounding RESRAD analysis of this programmatic ERMP or
other regulatory thresholds
Any other new information that indicates a requirement to adjust the site-specific
ERMP

In terms of sampling frequency and number of samples for environmental media, no
site-specific ERPM will be less conservative than this programmatic ERMP.
Adjustments to sampling will reflect improved understanding and identification of the
unique conditions and risks associated with each site. If changing site conditions result
in environmental transport or exposure hazards that exceed those used in the bounding
RESRAD calculations, the Garrison RSO will notify the License RSO who will notify the
NRC license program manager within 30 days.
The site-specific ERMP will show the distance and direction to the nearest normally
occupied areas (for example, residential areas, commercial areas, and business areas)
for each RCA at that installation.
The site-specific ERMP will provide a description and narrative of the physical
environment of each RCA on that installation. These descriptions and narratives will
include summaries of regional and local climatic, geologic, and hydrologic conditions as
well as other relevant information, such as soil type; sediment erosion and Aeolian
transport characteristics; and regional/local land use and industrial activities.
In particular, the site-specific ERMP will list, as many as possible, of the known or

estimated 7 site-specific parameters that RESRAD uses. 8 See Appendix A for a list of the
environmental parameters that RESRAD uses. The Army Operational Range
Assessment Program (CRAP 2013) has produced environmental data for many
ranges. 9 The garrison should refer to relevant ORAP reports for its M101 spotting
round-affected ranges.
The License RSO will produce, update, and maintain results of site-specific RESRAD
calculations for each RCA based on environmental parameters as they appear (subject
to change) in the site-specific ERMPs. He also will compare site-specific environmental
parameters to the bounding parameters he used to produce the RESRAD results he sent
to the NRC and make changes as necessary in the RESRAD calculations.
Although natural uranium is ubiquitous, DU, which is depleted in uranium isotopes
uranium-234 (234 U) and uranium-235 (235 U) relative to natural uranium, does not occur
in nature. Hence, background reference areas and background sampling for DU is
unnecessary.
7 Estimators can base their site-specific estimates on known data from nearby areas or for the region.
The ERMP will include the bases for the estimates.
8 The current RESRAD user's manual is available at http://web.ead.anl.,qov/resrad/documents/resrad6.pdf.
SThe License RSO has asked and ORAP has agreed to continue to produce environmental uranium data
for its reports even when ORAP's protocols indicate that uranium should not be a contaminant of concern.
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Each site-specific ERMP will include the statement (USNRC 2013), "When analytical
sampling results from locations outside of the Radiation Control Area indicate that the
238

UJ/ 234 UJ

activity ratio exceeds 3, the licensee shall notify NRC within 30 days and

collect additional environmental samples within 30 days of the notification of NRC,
unless prohibited by the absence of sampling media."
Radiochemistry analytical laboratories report their results as a value for sample isotopic
activity concentration and the total uncertainty (two standard deviations or 95 percent

confidence level) in that value for each isotope. Let the 2 34U concentration and activity
in a sample be Cu-234 and Au-234, respectively. Let the 2 38 U concentration and activity in
that sample be Cu-238 and Au-238, respectively. Let Vbe the volume (for air or water) or
the mass (for soil, sediment, or vegetation) of the sample. The 23 8 U/ 234 U activity ratio R
has the same value as the 23 8U/ 2 34 U concentration ratio and is given by
Au-238
RAu-2 3 4

238 /V _

_Au.

Cu-238

Au-2 3 4 /V -C6u

234

Let the laboratory-reported uncertainty (two standard deviations or 95 percent

confidence level) for Cu-234 be CU-234 and for Cu-238 be GU-238. Let the uncertainty in R be
oi• (two standard deviations or 95 percent confidence level); co• is given by

(u=23
R

=

4

+\(u-238

2

Table 1 considers Rwith o• and provides guidance for interpretation of calculated
uranium activity ratios.
Table 1 Interpretation of Uranium Isotopic Activity Ratio and Its Uncertainty
23 8

U12 34 U

Activity Ratio R
and Its Uncertainty OR

Interpretation Using NRC Criterion

If R + op. < 3

Sample almost certainly does not contain DU

If R> op. and R <3 and R+ op.> 3

Sample probably does not contain DU

If R> op. and R> 3 and R- op. < 3

Sample probably contains DU a

If R- op.> 3

Sample almost certainly contains DU

If R< op. and R< 3 and R+ ot > 3

DU presence in sample is indeterminate

a

If R< op. and R> 3
DU presence in sample is indeterminate
aGarrison RSO and License RSO will take appropriate actions, as described in
text.

If R> 3, then by license condition, the sample contains DU, 1 ° and the Garrison RSO and
License RSO will take appropriate actions as follows. Each ERMP will include a
10 Unless R< or, in which case DU presence inthe sample is indeterminate. See Table 1 for interpretation of
calculated value for R.
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description of response procedures if DU is identified in a sample from outside the RCA.
At a minimum, these procedures will include:
*

Requirement to notify the License RSO immediately and the NRC within 30 days
of initial identification
* Instructions to resample and confirm
* Requirement to assess the radi0logical consequence and risk with respect to
worker and public protection (10 CFR 20, Subparts C and D)
* Requirement to assess the adequacy of security, control and posting of the
licensed materials (10 CFR 20, Subpart I and J)
* Requirement to review practices with the intent to ensure exposures to DU are
maintained ALARA
* Requirement to review sampling frequency, number of samples and sampling
locations
* As. appropriate following above assessments and reviews, requirement to

recommend changes to plans and SOPs
Each site-specific ERMP will describe sampling in terms of sampling objectives,
sampling protocols, analytical methods, and data quality assurance protocols. These
descriptions will conform to commonly accepted practices and reliable sources as
described in the Multi-Agency Radiation Survey and Site Irnvestigation Manual
(MARSSIM) (NRC, DOE, EPA, DOD 2000). Acceptable analytical methods include
those commonly accepted from reliable references, as presented in MARSSIM, Table
7.2.
The License RSO will provide, in an SOP, a description and general list of requirements
that each ERMP will be include in its procedures. Conforming to the following
requirements will ensure adequate application of site-specific ERMP:
*
*
*
*
*
*
*
*

Quality control programs
Sample identification
Sample custody
How samples locations will be determined
Procedures describing how samples will be collected for each media
Shipment
Recordkeeping
Radiochemical analysis for both soil and liquid samples

Data quality assurance protocols will have a target goal of a 95 percent confidence
interval for individual analytical results and a target of 100 percent validation of all
results.
The License Radiation Safety Officer and Army Environmental Command (AEC)
personnel will assist and guide the production of these site-specific ERMPs. The
License RSO, in consultation with AEC personnel, will approve each site-specific ERMP
before it becomes effective.
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Each garrison named in the license will implement its site-specific ERMP upon License
RSO approval. Assume that the NRC will inspect site-specific ERMPs and results of
implementing site-specific ERMPs during its site inspections.
Garrisons are not alone in preparing their site-specific ERMPs and sampling programs.
The License RSO will identify "best practices" and provide them to all the M101 spotting
round-affected garrisons. Garrisons can obtain additional guidance from AEC, which
has pledged to support license activities.
If long-term results of sampling certain media for an RCA indicate that M101 spotting
round DU is not migrating outside the RCA into that media, the License RSO may ask
the NRC to relieve the Army from continued sampling of that media or to allow reduced
sampling frequency of that media.
4. Inside the RCA
Each RCA is within a larger impact area that is part of an Army training area or range
facility. Generally, RCAs are open, grassy areas, but young trees and large
undergrowth could be present. Their minimum distances from normally occupied areas
outside the training area or range facility depends on the type of munitions used in the
large impact areas, but typically are a few kilometers. 11
Given the purpose of a site-specific ERMP, we usually will not perform sampling inside
the RCA.

a. M101 spotting rounds
The original source of DU contamination is M101 spotting rounds fired into an impact
area, which is now an RCA. Upon impact, these rounds remained intact or mostly intact
on or near the surface of the RCA. It is not known for any RCA, except for part of the
RCA at Schofield Barracks (Cabrera 2013), whether a cleanup or retrieval of these
rounds ever Occurred, so the assumption is that most, if not all, the DU in rounds fired
into an RCA remain in the RCA in some form.
Any MI01 spotting round DU removed from the RCA in accordance with the guidance in
the Radiation Safety Plan will be held for proper disposition as radioactive waste.
SNo conditions require collection or sampling of DU metal alloy in the RCA.

b. Pathway: M101 spotting rounds -* DU corrosipn products
The rate of corrosion of the DU in the DU-molybdenum alloy in the MI01 spotting
rounds left in the environment is not known. A contractor working at Schofield Barracks
in 2012 found both contaminated soil and solid DU fragments (Cabrera 2013).

11For

specific information on range safe distances, see DA PAM 385-63 (US Army 2014b).
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An Army contractor working on the Jefferson Proving Ground (JPG) decommissioning
project for DU penetrators consisting of DU-tungsten-carbide alloy reported (SAIC
2013):
QUOTE
Corrosion of DU penetrators and subsequent dissolution of the corrosion
products is the primary mechanism for introducing DU into the soil and for
subsequent transport to the media (e.g., surface runoff to surface water and
sediment). The rates of corrosion and dissolution were determined based on
laboratory testing and field observations for conditions similar to those
experienced by the DU penetrators at the DU Impact Area. Based on this
information, the most likely time to complete corrosion and dissolution of a JPG
penetrator was calculated to be approximately 107 years.
UNQUOTE
Although M101 spotting rounds and DU penetrators have geometries and DU alloys that
are different from the DU penetrators at JPG, the above observations imply that most
M101 spotting rounds have not corroded completely since the Army fired them in the
1960s.
c. DU corrosion products
Corrosion products initially will be on the surfaces of M101 spotting rounds that are then
subject to spalling. Sampling of corrosion products in the RCA is unnecessary.
No conditions require collection or sampling of DU corrosion products in the
RCA.

d. Pathway: DU corrosion product --* Soil
Corrosion products attach loosely to MI01 spotting round surfaces. They gradually will
leave those surfaces (spalling). Therefore, corrosion products will be present on and
near the soil surface in an RCA.
e. Soil

The contractor at JPG observed (SAIC 2013),

"...

each penetrator or portion thereof

served as a point source rather than forming a homogeneous mixture of DU in site

soils." Analysis

...

of data obtained at Schofield Barracks during a characterization

survey [ (Cabrera 2008a)] showed that DU contamination was concentrated in specific
locations in the surveyed area and that the rest of the surveyed area was at background
concentrations of natural uranium.
An Army contractor reported (Cabrera 2008b), "The mobility and persistence of DU in
the environment is influenced by the amount, form, and oxidation state of the metal, as
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well as by the composition and physicochemical properties of the affected media. In the
metal form, DU tends to persist in the soil, and undergo few chemical changes other
than oxidation due to weathering and exposure. [Figure 2] illustrates the appearance of
Davy Crockett round fragments found at [Schofield Barracks]. Note the oxidized state

(bright yellow) of the fragments.

The nature of the underlying soils, coupled with the

....

relatively dry climate favors the retention and reduced solubility of metals, thereby
reducing their mobility."

Durante and Pugliese wrote (Durante and Pugliese 2003),

"...

studies of radiological

contamination in the soil from impacted DU rounds [in Bosnia in 1994 and 1995]
suggest that dispersion and deposition are localized within 10 m from the hit target."
The Director of the NRC's Office of Nuclear Material Safety and Safeguards wrote,
regarding environmental sampling in Vieques, Puerto Rico (Kane 2001):
QUOTE
From May 29 to June 12, 2000, the U.S. Navy performed radiological surveys of

the [Live Impact Area (LIA)].

....

The surveys conducted by the U.S. Navy, and

independently observed by the NRC, concluded that there were no elevated

f D atScofild
frmTyica
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exposure rates or count rates indicative of radioactive contamination on areas of
the LIA exclusive of the North Convoy Site, where the DU was fired during the
February 19, 1999, incident. While observing the U.S. Navy survey activities
between May 31 and June 12, 2000, the NRC staff also performed numerous
surveys and collected soil samples. Soil samples were collected from the areas
where DU penetrators had already been excavated. In addition, soil samples
were collected downhill of areas known to have been impacted by the DU

penetrators.

....

[A] purpose was

...

to determine whether the surrounding

environment and members of the public had been exposed to DU.
.. The NRC Inspection Reports dated July 13, 2000, and September 28, 2000,
document the performance and results of the environmental samples taken in
June 2000. Copies of these reports are available in ADAMS (ML003767608 and
ML003755565). The NRC samples demonstrated that there was no spread of
DU contamination to areas outside of the LIA and that contamination from the DU
inside the LIA was limited to the soil immediately surrounding the DU
penetrators. With the exception of the soil samples taken from holes where the
Navy had recovered DU penetrators, neither the direct measurement nor the
environmental sample results identified the presence of radioactive materials
exceeding those associated with naturally occurring radioactive materials
routinely found in the environment.
UNQUOTE
A review of United Nations Environment Programme (UNEP) reports [ (UNEP 2001)
(UNEP 2002) (UNEP 2003)] (Papastefanou 2002) summarized those reports, "There
was no detectable widespread contamination of the ground surface by depleted
uranium. This was in such low levels that it cannot be detected or differentiated from
the natural uranium existing in soil globally. Detectable ground surface contamination
by depleted uranium is limited to areas around and below penetrators and the
associated points of concentrated contamination."
Uyttenhove et al. reported on independent measurements in Kosovo (Uyttenhove,
Lemmens and Zizi 2002) and wrote, "Based on our (minimum detectable activity
(MDA)]-considerations (and the experimental confirmation with calibration samples), we
can state with good confidence that there is no DU present at our 50 sampling points in
Kosovo, with MDA values as low as 15 Bq [corresponding approximately to a milligram
of DU in a typical sample (100-150 g)]. Some samples, taken near places where DUammunitions were used, have been re-examined very carefully with extra long
measuring times (27.8 h), always with negative results."
The Air Force did not find DU outside range boundaries at Eglin Air Force Base. As an
NRC staffer (Spitzberg 2005) wrote, "The licensee sampled the environs of the site as
part of the site characterization process. Radioactive material in excess of the NRC-

approved [derived concentration guideline limits] was not identified offsite during
characterization studies suggesting that the DU material, a heavy metal, was not
migrating outside of the site boundary."
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The US Army Environmental Policy Institute wrote (USAEPI 1995), "Investigations of
DU migration at U.S. test sites have not identified significant migration in the
environment."
An Army contractor that has performed environmental monitoring for DU at JPG for
many years has never detected DU in soil or sediment samples outside the DU impact
area. Reports dating back to 2005 are available on the NRC ADAMS website. 12 .
The US Department of the Army Soldier and Biological Chemical Command
(USASS BC) took sediment samples at JPG and reported (USASSBC 2002), "Sediment
samples were collected at the same locations where surface water samples were
obtained during the scoping survey. The total uranium concentration in sediment
samples ranged from 0.88 to 1.09 pCi/g within the DU Impact Area. Along the firing line
trajectories, the total uranium concentration in sediment was measured at 2 and 3 pCi/g
along two different streams south of the DU Impact Area. The U-238 to U-234 activity
ratio in the sediment samples collected during the scoping survey indicates that the
uranium is naturally occurring."
Also for JPG in 1995, an Army contractor (Scientific Ecology Group 1995) reported that

all results of samples taken in the impact area showed

2 38

U/ 2 34 U

ratios less than three.

In 2010, the current License RSO performed an analysis of results in a contractor's
characterization survey report for the RCA in the Battle Area Complex at Schofield
Barracks (Cabrera 2008a). The results of his analysis (see Appendix B) showed that
unbiased soil samples taken in the RCA contained only natural uranium. The
contractor's report showed that biased samples contained both natural uranium and DU.
A conclusion is that DU remains close to its point of original deposition in the RCA and
is not likely to move outside the RCA in appreciable amounts.
An implication• of the above is that M101 spotting round DU does not migrate readily in
soil in many, if not almost all, cases. Once it becomes part of the soil matrix, it remains
in the same soil matrix for many years.
Generic calculations (Cherry 2012) have shown that if in a typical RCA (a one-kilometer
square) 1000 M101 spotting rounds have completely corroded with the corrosion
products completely dispersed in the top 15 centimeters of soil, the resulting uranium
activity concentration in RCA soil would be about 0.3 picocurie of DU per gram of soil
(pCi/g). 13 This value is scalable for different RCA areas and different numbers of
rounds. 1 4

12

13

http://www, nrc.,qov/readinoq-rm/adams.html

According to the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
the normal concentration of uranium in soil is 300 micrograms per kilogram to 11.7 milligrams/kilogram
(0.1 pCi/g to 3.9 pCi/g) (UNSCEAR 1993).
14 TeNRC's derived default screening level for decommissioning is 14 pCi DUJ/g soil (NRC 2006). For
the derivation of this value, see "Arguments against Air Sampling during HE Fire into RCAs" included with
this license amendment application.
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Table 2 is a derivation from Table 3.4 in National Council on Radiation Protection and
Measurements (NCRP) Report No. 160 (NCRP 2009):
Table 2 Summary of soil concentration data for uranium

Natural Uranium in Sail
Parts per million by weight

Mean

Median

1.84

1.81

Standard Deviation

5

th

Percentile

.

0.7

0.63

Activity concentration (pCi U/g soil)
1.25
1.23
a Specific activity of natural uranium = 6.77 x 10-7 Ci U/g U

0.5

0.43

2

95 th Percentile

3.1
.2.1

The table shows that typical the typical natural uranium concentration in soil (about 1 .2
•pCi/g) is about four times more than the typical DU activity concentration in RCA soil
(about 0.3 pCi/g after complete corrosion and distribution in surface soil).
Sampling of soil in the RCA is unnecessary. We expect DU to be in RCA soil.
SNo conditions require deliberate collection or sampling of soil within the RCA.

f. Pathway: Soil --) Plants in RCA
Table 3 is an extract from

Table 6.4 in Till and Grogan
(Whicker and Rood 2008)..
Some plants, such as.
lichens, concentrate Uranium.

-

Table 3 Typical plant/soil concentration ratios for selected elements and

crops, adapted from the International Atomic Energy Agency (IAEA

1994).
Element

-Concentration Ratio (dry. mass basis)
,Crop
Expected

Range (95%)

Cereal grains
Fruits, tubers

0.001
0.01

0.0008 to 0.14

Grass

0.02

.0.002 to 0.2

in their tissues more than

most plants do. For
example, The USASSBC
took vegetation samples at

Uranium

.

JPG and reported
(USASSBC 2002), "Twenty vegetation samples were collected during the scoping
survey using the same methods for soil sampling. Fourteen samples were obtained
from within the DU Impact Area, and six samples were obtained along the firing line
trajectories. The total uranium concentration in vegetation samples was less than 0.7
pCi/g in all samples. Two lichen samples from the south-central portion of the DU
Impact Area had U-238 to U-234 activity ratios of 2.3 and 2.6, which indicate DU
contamination."
The UNEP also detected DU in lichen in the three areas it surveyed [ (UNEP 2001)
(UNEP 2002) (UNEp 2003)]. According to UNEP, "This indicates that at least some of
the penetrators at these sites hit hard targets and surfaces, partly aerosolized into dust,
and dispersed into the air" (UNEP 2003). The MI01 spotting rounds hit no such hard
targets and surfaces, therefore no aerosolization occurred.
The above indicates that plant uranium concentrations are expected to be no more than
about two percent of the uranium concentration in the soil where the plant is growing,
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except for plants such as lichens. However, the uranium concentrations in a plant could
be as high as about 20 percent of the uranium concentration in the soil where the plant
is growing.
g. Plants in RCA
Sampling of plants in the RCA is generally unnecessary.
The Army allows livestock (beef cattle) to graze in an RCA at Fort Hood. RESRAD
bounding calculations3 show that the maximum annual total dose to a resident farmer

on the• RCA at Fort Hood is about 0.14 millirem. The consumption of meat contributes
less than 2 percent of that dose, or less than 0.003 millirem.
The calculations assumed that all meat that the resident farmer consumes derives from
livestock grazing only in the RCA. In the case of Fort Hood, the livestock graze over a
much larger area that includes the RCA, and consumers of that meat also consume
meat from numerous other sources. The conclusion is that sampling plants in the RCA
will provide little or no useful information.
No conditions require deliberate collection or sampling of plants within the RCA.]

h. Pathway: Soil -* Surface water in the RCA
The most common forms of uranium oxide are U308 and UO2. Both oxide forms are
solids that have low solubility in water and are relatively stable over a wide range of
environmental conditions (Argonne National Laboratory n.d.). Triuranium octaoxide
(U3 0 5) is the most stable form of uranium and is the form most commonly found in
nature. Uranium dioxide (U02) is the form in which uranium is most commonly used as
a nuclear reactor fuel. At ambient temperatures, U0 2 will gradually convert to U308.
i. Surface water in RCA
.Sampling of static surface water, such as water in a pond, entirely in the RCA is
unnecessary.
No conditions require deliberate collection or sampling of surface water within
the RCA.
5. Outside the RCA

a. Pathway: Soil -* Atmosphere
RESRAD bounding calculations3 show that the maximum possible 238U air concentration
for any site is about 1.3 x 10-4 pCi/in 3. However, the Army has found many M1O1
spotting rounds on RCAs that seem to be mostly intact with corrosion products in or on
the soil in the immediate area adjacent to the round. This means that not all the DU in
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an RCA is available for suspension into the atmosphere. The expected

2 38

U

air

concentration due to dust will be much less than the maximum possible value.
pCi/in 3 (NRC 2012), which is more
238 UJ concentration in air due to DU

238U in air

is 6 X 10-14 pCi/mL = 0.06
than 450 times greater than the highest possible
in the soil.

For comparison, the NRC effluent standard for

The NRC did not require the Air Force to perform air sampling during DU remediation at

a range at Eglin Air Force Base (Spitzberg 2005):

"...

perimeter sampling was only

required at the discretion of the on-site radiation safety officer. The permittee planned
to establish environmental controls to prevent erosion, to manage storm water runoff,
and to minimize dust emissions. The permittee subsequently discontinued some of
these environmental controls because reclamation activities had a minimal impact on
the environment."
The NRC has never required the Army to perform air sampling at Jefferson Proving
Ground since test operations ceased there in 1995. The NRC source materials license
number SUB-1435 15 allows JPG to possess up to 80,000 kg of DU at a single site,
which is 14 times greater than the estimated total of all M101 spotting round DU at 16
.
Army installations.

The Army provided a contractor-prepared report to the NRC (Shia 2005),16 which said
"The assessments at [Jefferson Proving Ground], [Los Alamos National Laboratory],
and [Aberdeen Proving Ground], among other sites indicate that risks associated with
potential transport of DU in the air from controlled burns are negligible. The benefit/cost
ratio of an air sampling program is extremely low (i.e., the benefits are small and the
costs of the program high). Therefore, an air monitoring program is not recommended
given the low probability of DU release and transport and the negligible effects on
receptors."
The Enewetak Cleanup Project (1977-1980) was a joint DOD-Department of Energy
(DOE) project to remove debris and radioactive contamination (mostly uranium and
plutonium, not fission products) from the islands and lagoon of the atoll. Since both are
actinides, uranium and plutonium behave similarly in the environment. The DOD
operated air samplers whenever contaminated soil movements1 7 were underway. The
report of the project (Defense Nuclear Agency 1981) concluded, "Throughout the
cleanup project, over 760,000 cubic meters of air were sampled on the controlled
islands plus more than 211,000 cubic meters at Lojwa. Nearly 5,200 air samplers [sic].
filters were analyzed by the lab. No significant airborne radioactivity of any type

(including beta) was detected. It is clear from these results - as it was from
resuspension experiments performed during early [Radiation Safety Advisory and
15
16

17

ADAMS ML07303041 5
ADAMS ML070090201

"Movements" of Pu-contaminated soil included digging and scraping soil, pushing soil into windrows,

loading soil into trucks, dumping soil from trucks into boats, transporting soil to the 'storage" island,
unloading soil from boats into trucks, dumping the soil at a plant for mixing with concrete, and dumping
the mixture into a crater for disposal.

14 of 27

Programmatic Approach for Preparation
of Site-Specific Environmental Radiation Monitoring Plans

Inspection Team] visits to the atoll

-

that the Enewetak contamination situation was not.,

conducive to creation of a resuspension hazard."
The Environmental Protection Agency (USEPA 2006) says, "The amount of uranium in

the air is usually very small and effectively insignificant for remedial operations.

....

The

high density of DU in most particulate forms limits the air transport of DU to relatively

small particles.

....

It is reported that most of the DU dust will be deposited within a

distance of 100 meters from the source."
b. Atmosphere
Air sampling is generally unnecessary. Remedial actions, discussed above and which
did not produce significant air concentrations, are not underway at any RCA. In
addition, the NRC allowed high explosive testing throughout the JPG impact area, to
include the DU impact area, without a requirement for air sampling.
The document, "Arguments against Air Sampling during HE Fire into RCAs," included
with this license amendment application, presents four different arguments to
demonstrate that air sampling during HE detonations in a DU impact area is
unnecessary and likely to be ineffectual.
[No conditions require air sampling.

c. Pathway: Soil

-)

Surface water flowing from the RCA

The most common forms of uranium oxide are U308 and UO2. Both oxide forms are
solids that have low solubility in water and are relatively stable over a wide range of
environmental conditions (Argonne National Laboratory n.d.). The most stable form of
uranium is U308, which is the form most commonly found in nature. At ambient
temperatures, UO2 will gradually convert to U308.

d. Pathway: Atmosphere

-)

Surface water

As discussed above, "The amount of uranium in the air is usually very small and
effectively insignificant [even] for remedial operations" (USEPA 2006). Therefore,
transfer from the atmosphere to surface water outside the RCA is also "effectively
insignificant."

e. Pathway: Surface water in RCA

-)

Surface water outside the RCA

The DU concentration in surface water outside the RCA that has flowed from the RCA
should be about the same as that the concentration in the flowing water at the RCA
boundary.
f. Surface water
Flowing surface water traversing RCAs is a potential pathway for the environmental
mobilization of DU out of an RCA. On US Army training ranges, the characteristics of
15 of 27
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these flowing water vary widely as to when they flow [perennially (flowing year-round),
seasonally (flowing at certain times of the year), or ephemerally (flowing only after
precipitation)]; the peak rate at which they flow; and ultimately the types of water body
they flow into.
The purpose of sampling flowing surface water is to monitor for the potential transport of
DU out of RCAs. If we identify DU in a sample, we must then assess the risk that is
implied. Minimizing these risks is the relatively low solubility of uranium in.water and the
typically low concentration of DU in soil in the RCA compared to the concentration of
natural uranium.
The Army and its contractors have sampled surface water extensively at JPG over the
last twenty years (SAIC 2013). The amount of DU at JPG is about 73,000 kg, whereas
the largest amount of M101 spotting round DU at any one installation is 1843 kg at Fort
Ben ning. Detection of DU in surface water at JPG occurred, albeit rarely and always
well within NRC effluent limits and USAEPA drinking water standards.
The ERMP will assess and describe the types (perennial, seasonal, ephemeral and no
flow), locations, and peak flow rate of surface water flowing through each RCA. These
descriptions will also provide a general description of the watershed, water outflows and
ultimate destination of surface waters and their uses (if any).
The ERMP surface water sampling plan will address the use of risk-based monitoring to
adjust sampling based on the presence or absence of.DU in preceding annual samples.
Baseline sampling will be performed for three years at the frequencies identified in
Table 4. Using a risk-based approach, if no DU is detected in a flow type during the
entirety of the baseline sampling, the periodicity of annual sampling can be extended up
•to a maximum of five year intervals. If DU were identified but intermittently, a three-year
baseline with no detected DU would be required to return to extended periodicity for
annual sampling.
Table 4 Annual Surface Water Sampling Frequency
Flow type

Sampling Frequency

Sampling Criteria

No Flow

No features or evidence of flowing surface water

None

Ephemeral

Observation or evidence of ephemeral flow

Quarterly when flow events occur

Seasonal

Observation of evidence of seasonal flow

Quarterly when flowing

Perennial

Observation of continuous annual flow

Quarterly

The ERMP will describe surface water outfall sampling strategy, sample points, and
sampling equipment (for example auto-samplers for ephemeral and seasonal sampling).
Initial baseline sampling will occur as described in Table 4 for the first three years.
Based on baseline results with no detection of DU, the periodicity of annual sampling
may be increased up to a five-year interval.
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If surface water routinely flows from the RCA, then sampling of this surface water
will occur. Ifflow occurs throughout the year, then sampling will occur every
three months. If flow is intermittent, then sampling will occur during that flow,
but no less than three months apart.

g. Pathway: Soil -* Groundwater
The DU concentration in groundwater depends on several factors, including distance of
the groundwater from the soil surface, acidity/alkalinity of the soil and leaching water,
soil porosity, amount of precipitation, and so on. The Army has not measured most of

the influencing factors for this pathway for any RCA.
h. Pathway: Surface water -* Groundwater
The low solubility of uranium oxide in water and the low concentration of DU in soil in
the RCA make it improbable that surface water contributions to DU in groundwater are
significant.
i.

Groundwater

Groundwater flow beneath an RCA is a potential pathway for the environmental
mobilization of DU out of the RCA. However, as demonstrated in the RESRAD analyses
supporting this programmatic ERMP, the groundwater pathway contributes no
significant increase in risk to maximum reasonably exposed individuals. This includes
RESRAD evaluation usinig the conservative "resident farmer" scenario.
These evaluations using conservative assumptions of source strength, soil and geologic
transport characteristics, and exposure scenarios establish reasonable bases for
concluding the groundwater pathway is an extremely low-risk pathway. For this reason,
site ERMPs will include groundwater sampling for DU only where groundwater sampling
is being currently performed for other activities.
Each ERMP will describe a response plan for the identification of DU in groundwater,
consistent with response plans described in Section 3 of this programmatic ERMP.
The Army will make available for NRC review upon request the results of all Army
measurements of uranium concentration in groundwater that were taken with the
purpose of meeting Safe Drinking Water Act requirements.
If existing wells potentially influenced by DU in the RCA are available, then
whenever anyone samples these wells for any purpose, he or she will also require
analyses for isotopes of uranium and report the results to the Garrison RSO.
Otherwise, no conditions require groundwater sampling.

.•
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j. Pathway: Atmosphere --) Soil
Since the, atmosphere is unlikely to carry more than barely detectable amounts of DU
from inside to outside the RCA, this pathway will contribute virtually immeasurable
amounts of DU to soil outside the RCA.
k. Soil
Soil sampling is generally unnecessary because DU contamination tends to remain, in
place in the RCA (see paragraph 4e). However, if a local condition indicates that
massive erosion of soil from the RCA to areas outside the RCA has occurred, sampling
the soil deposited due to that erosion will occur (following risk assessment if UXO or
other hazards are present).
The transPort of soil potentially containing DU is a potential pathway for the
environmental mobilization of DU out of an RCA. On US Army training ranges, the
characteristics of soil and soil erosion vary. Each ERMP will establish a plan to assess
annually the erosion of soil out of each RCA. This assessment will employ commonly
accepted practices, including direct and comparative observation as well as models
such as the .Universal Soil Loss Equation to identify soil erosion for each RCA.
As a minimum, the following threshold criteria for soil erosion will require semi-annual
soil sampling outside the RCA:
*
*

General erosion rate for the RCA greater than 2 tons per acre per year.

Localized erosion rate in an area of 25m 2 exceeds a volume of 3.75 m 3 per
year

Based on the RESRAD analysis supporting this programmatic ERMP, these criteria
would conservatively protect public health and safety and track the migration of soils
and Potential contaminants off RCAs.
For RCAs with localized erosion and multiple clear and unique deposition areas, each
deposition area will be sampled. The number of samples performed shall be, as a
minimum, two per samnple site located in the general location where eroded soils are
,
deposited.
Semiannual soil sampling is required if the general erosion rate for the RCA is
greater than 2 tons per acre per year or if the localized erosion rate in an area of
25 m2 exceeds a volume of 3.75 m3 per year.

I. Pathway: Surface water

-), Sediment

Water flowing out of the RCA could carry DU-contaminated sediment. Sediment•
sampling at JPG has occasionally detected small amounts of DU in sediment inside the
RCA, but never outside the RCA.
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m. Sediment
If surface water sampling occurs, sediment sampling will also occur at the same
time and near the same place. No other conditions require sediment sampling.

n. Pathway: Surface water

-*

Plants

The DU concentration in surface water will be low if it is even detectable. However,
some plants, such as lichens discussed above, can concentrate DU above ambient
levels.
o. Pathway: Soil -*Plants
The DU concentration in soil outside the RCA will be much lower than it is in the RCA, if
it is even detectable. However, some plants, such as lichens discussed above, can
concentrate DU levels.
p. Plants
[No condition requires plant sampling.

q. Pathway: Soil --) Animals
The DU concentration in soil outside the RCA will be much lower than that in the RCA, if
it is even detectable. However, some animals could concentrate DU in their bodies
above ambient levels.
The following is an extract from Table 6.8 in Till and Grogan (Whicker and Rood 2008)
that demonstrates this possibility:
Table 5 Expected values for transfer
coefficients (day/kg-1 ) in various animal

food products (IAEA

19 94

)b

Element

Beef

Pork

Poultry

Uranium

3x10-4

6x10-2

j

aThe transfer coefficient TC is defined as TC
Cprod(eq)/R, where Cprod(eq) is the measured

=

equilibrium (activity per unit mass) in the product of
interest at equilibrium and R is the radionuclide
ingestion rate (activity per unit time), in this case the
rate of entry into the mouth.
SSee original source for other data and ranges of.
values

r. Pathway: Plants in RCA -) Animals
Plants that herbivorous and omnivorous animals normally consume do not concentrate
uranium above ambient levels, and neither do the herbivorous, carnivorous, and
omnivorous animals themselves.
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s. Pathway: Surface water -- Animals
Depleted uranium concentrations in any water that animals consume are orders of
magnitude less than the uranium concentrations that NRC effluent standards and EPA
drinking water regulations limit. As shown in paragraph 5q, animals generally do not
concentrate uranium above ambient levels.

t. Pathway: Soil

-*

Animals

Depleted uranium concentrations in any RCA soil that animals consume are, on the
average, less than the default derived concentration guideline limits. 14 The DU
concentration in soil outside the RCA is less than that for soil in the RCA. As shown in*
paragraph 5q, animals generally do not concentrate uranium above ambient levels.

u. Pathway: Sediment --) Animals
Depleted uranium concentrations in any RCA sediments that animals consume are, on

the average, less than the default derived concentration guideline limits.14 The average
DU concentration in sediments outside the RCA is less than that for sediments in the
RCA. As shown in paragraph 5q, animals generally do not concentrate uranium above
ambient levels.
v. Animals
The USASSBC took biological samples at Jefferson Proving Ground and reported
(USASSBC 2002), "A total of eight biological samples were collected from deer,
freshwater clams, fish, and a soft-shelled turtle. All of the biological samples from Big
Creek were collected from the area adjacent to the DU Impact Area. The tOtal uranium
concentrations ranged from 0.091 pCi/g in deer liver to a maximum of 0..774 pCi/g in a

freshwater clam. ....

The U-238 to U-234 activity ratio ranged from 0.4 to 1.2 and does

not indicate the presence of DU contamination."
An Army contractor working at Jefferson Proving Ground wrote (SAIC 2013), "To
evaluate the total effective dose equivalent (TEDE) associated with consumption of deer
meat, a total of 132 tissue samples from 30 deer were collected and analyzed during
the winter of 2005/2006. DU was not detected in any tissue sample during laboratory
analysis."
[No conditions require animal sampling.
w. Non-Environmental Pathways
Based on the historic use of the training ranges containing the RCAs, the transport of
DU out of RCAs by human activities, such as construction, excavation, or other similar
large earth moving activities, is not anticipated or specifically addressed by ERMPs. 18
18

These are unauthorized activities. See section 4.2 of the Radiation Safety Plan.
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As necessary, Garrison personnel and the License RSO would develop separate plan
for the management of DU and DU-contaminated materials for NRC acceptance, prior
to the execution of a large earth moving activity or other activity that could significantly
alter the environmental conditions of the RCA.
The ERMP will include a description of how activities on RCA will be identified
and reviewed.
6. Radiochemistry
Only accredited 19 laboratories will perform radiochemical analyses for the purposes of
NRC license compliance. The laboratories will use alpha spectroscopy to analyze
samples for 234 U and 238 U activities and concentrations.

The NRC's criterion is that a 238U/234U concentration or activity ratio less than 3 is
assumed representative of natural uranium, whereas higher ratios are potentially
indicative of the presence of DU.
All samples with a 238U/234 U concentration or activity ratio greater than 3 will be
reanalyzed using inductively coupled plasma-mass spectroscopy (ICP-MS) for thei~r
and 23su content in an effort to identify samples with DU content.

235 U

7. Other requirements
The site-specific ERMP will address all other requirements normally associated with
environmental sampling, such as chain-of-custody, health and safety, packaging for
shipment, shipping, and so on.
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Appendix A

Table

-

RESRAD environmental default parameters2 °
Environmental ParameterVauVle

Fraction of contamination that is submerged
Length parallel to aquifer flow 21 (in)
Density of contaminated zone 23 (g/cm 3 )

Default
0

100
0.001
0.4

Contaminated zone field capacity 25

0.2

Contaminated zone hydraulic
(m/y)
Contaminated zone b parameter 2 7

_________

10
5.3

Average annual wind speed (m/s)

2.0

Evapotranspiration coefficient 2 8

0.5

20
21

22

1 .5

Contaminated zone erosion rate (m/y)
Contaminated zone total porosity24
conductivity 26

Site-Specific

Units: mparallel
= meter;
g = gram;
cmThe
= centimeter;
y = year;two
s =parallel
second lines perpendicular to the direction of
to aquifer
flow:
distance between
Length

the aquifer flow; one is at the upgradient edge of the contaminated zone, and the other is at the
downgradient edge.22

Except for the Hawaii ranges and one location at Fort Benning, all RCAs are one-kilometer squares.

Therefore, except for those RCAs, this value should range between 1000 m for aquifer flow parallel to a
side of the RCA and 1414 m for aquifer flow parallel to a diagonal of the RCA.
23

Contaminated zone: A belowground region within which radionuclides are present in above-background

concentrations. The true thickness of the contaminated zone is unknown, and it will vary from site to site..
We assume the contamination zone to be the top 15 cm of soil in the RCA, which is a typical assumption
for surface contamination..
24

Total porosity (of a porous medium): The ratio of the pore volume to the total volume of a*

representative sample of the medium. Depends on soil type; see Table E.8 of the RESRAD manual.
25
26

Field capacity: The lower limit of the volumetric water content
Hydraulic conductivity (of a soil): A measure of the soil's ability to transmit water when submitted to a

hydraulic gradient. Depends on soil type; see Table E.8 of the RESRAD manual.
27

b parameter: An empirically derived exponent in a power function model of water retention

characteristics. A table of b parameters in Clapp and Hornberger (1978: "Empirical Equations for Some
Soil Hydraulic Properties," Water Resources Research 14(4):601-604) represents average values for the
eleven soil classes in the US Department of Agriculture textural triangle.
28 Evapotranspiration coefficient (Ce): Related to the evapotranspiration (the sum of evaporation and plant
transpiration from the Earth's land and ocean surface to the atmosphere) rate by the formula
Ce = Et [(1 - Cr) Pr +/h•r]. Et = evapotranspiration rate (m/y); Cr = runoff coefficient (dimensionless); Pr =
precipitation rate;/rr~ = irrigation rate. Field measurements of the average annual evapotranspiration rate
usually are expensive and time-consuming. Therefore, if data on the average annual evapotranspiration
rate are not available for the site or its vicinity, you may obtain a site-specific estimation of the average
annual evapotranspiration rate from information in the literature. National Oceanic and Atmospheric
Administration publications provide useful information for estimating the value of the average annual
evapotranspiration rate at any particular location in the United States. For most applications, in the

25 of 27

Programmatic
for Preparation
of Site-SpecificApproach
Environmental
Radiation Monitoring Plans
Environmental ParameterDealSi-pcfc
Val ue
0.2
1.0

coefficient 29

Runoff
Precipitation rate (annual rainfall) (m/y)

Irrigation rate 30 (mly)
Watershed area for nearby stream or pond
Density of saturated zone 31 (g/cm 3 )

2

(in )

0.2_________
1.0 x 106
1.5

_________

Saturated zone total porosity
Saturated zone effective porosity32

0.4
0.2

Saturated zone field capacity

0.2

Saturated zone hydraulic conductivity (m/y)

100

Saturated zone hydraulic gradient
Saturated zone b parameter

0.02
5.3

Water table drop rate (m/y)

0.001

Well pump intake depth (m below water table)
Well pumping rate (m3 /y)
Number of unsaturated zone strata 33

Unsaturated zone 1, thickness (in)
Unsaturated zone 1, soil density

Val ue

________

________

10
250
1

4.0

(g/cm 3 )

Unsaturated zone 1, total porosity
Unsaturated zone 1, effective porosity

1 .5
0.4
0.2

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

0.2
5.3
10

absence of site-specific data, this approach should suffice because of the intrinsic uncertainties
associated with the model itself and the natural variability of the potential evapotranspiration at any site.

Runoff coefficient: Relates the amount of runoff to the amount of precipitation received. See Table E.1
in the RE.SRAD user's manual.
30 The default irrigation rate is for humid regions with limited growing seasons; an appropriate generic
29

value for arid regions is 1 m/y.
31
32

Saturated zone: Aquifer
Effective porosity (kinematic porosity) (of a porous medium): The ratio of the part of the pore volume

where the water can circulate to the total volume of a representative sample of the medium. Depends on
soil type; see Table E.8 of the RESRAD user's manual.
33 Unsaturated zone: The portion of the uncontaminated zone that lies below the contaminated zone and'
above the groundwater table. If more than one unsaturated zone exists, the same data are required for
each.
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Appendix B

The License RSO produced the following table in 2010 from laboratory data for the purpose of demonstrating whether the
background reference area for a characterization survey in the RCA in the Battle Area Complex at Schofield Barracks
(Cabrera 2008a) was chosen appropriately. The assumption was made that the results of analyzing 416 unbiased
samples from the RCA were indicative of background radionuclide concentrations and did not contain depleted uranium
contamination. The resulting 234Th (surrogate for 23 8 U) concentration in soil in the RCA was less than that in the chosen
background reference area (calculated from 12 samples) and, therefore, supported the assumption. This also indicates
that DU has not migrated far from the M101 spotting round points of impact in the fifty years since it was deposited.
Table

--

Calculation of background soil concentrations from laboratory results for the Davy Crockett impact area and for the background reference area at

Schofield Barracks

Activity Concentration (pCi/g)a b
252

Marx4K
Matrix

Subsurface soil

228

pb

214

Ac

Bi

U Progeny
214
pb

2s

2

•Th'

DCIA

BRA

DCIA

BRA

DCIA

BRA

DCIA

BRA

DCIA

BRA

DCIA

BRA

DCIA

0.60

0.62

0.96

0.85

1.02

DCIA
0.94

BRA

0.278

DCIA
0.293

BRA

5.2

0.87

0.79

0.95

0.79

1.47

1.09

0.01

0.04

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

±

0.15

0.2

0.013

0.016

0.07

0.07

0.02

0.04

0.05

0.05

0.03

0.04

0.03

0.04

0.11

0.12

0.04

0.03

3.31

4.3

0.350

0.66

1.07

0.91

1.18

0.99

0.88

0.60

0.95

0.66

1.77

1.19

+

+

+

+

+

+

+

+

+

+

+

+

0.2

0.017

0.016

0.09

±
0.06

0.05
+

0.06

+

0.303
_+

0.78

+

0.03

0.04

0.06

0.05

0.04

0.06

0.03

0.03

0.13

0.04

±
0.03

3.22

4.70

0.307

0.298

0.67

0.65

1.00

0.88

1.09

0.96

0.87

0.67

0.95

0.72

1.60

•0.13
1.14

0.02

0.05

+

+

+

+

±

+

+

+

+$

+

+

+

±

±

+

+

±

0.012

0.05

0.05

0.02

0.03

0.04

0.04

0.02

0.03

0.02

0.02

0.08

0.09

0.03

0.02

_______0.18

Combined

212

22Bi

3.16

_______BRA

Surface soil

238

h Progeny

0.16

_______0.11

_+

0.010

_+

•pCi/g = picocurie/g; BRA = background reference area; DCIA = Davy Crockett impact area. The background reference area is more than seven miles from the Schofield Barracks Davy Crockett impact
area.
SActivity concentrations are weighted means of laboratory results for unbiased samples from the DCIA and from the background reference area. Uncertainties are two standard deviations.
2

38

S •Th is a surrogate for 2 U.

Conclusion: The uranium concentration in the background reference area does not well represent the background uranium concentration in the
DCIA. It is assumed that it is unlikely that DU is contained in any of the unbiased DCIA samples and so the uranium in these samples is naturally
occurring.
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Attachment 7.

"Potential Air Quality Impacts of Aerosolizing M-1O1

Spotter Rounds at Pohakuioa Training Area"

POTENTIAL AIR QUALITY IMPACTS OF
AEROSOLIZING M-101 SPOTTER ROUNDS
AT POLIAKULOA TRAINING AREA
Introduction. The Army has reported that 714 M- 101 20 mm rounds were shipped into
Hawaii in the early 1960's for training purposes. Because their trajectory matches that of
the classified Davy Crockett weapon system, they were used as "spotter" rounds to assure
accurate target engagement by the main weapon. The M-101 contained 6.7 ounces (190
grams) of a depleted uranium (DU) alloy. Fragments of those rounds have been found at
Schofield Barracks (SB) on the island of Oahu and Pohakuloa Training Area (PTA) on
the island of Hawaii. The Army and its contractors continue to gather data and assess the
potential environmental impacts of the presence of these DU-containing fragments.
Method: In order to evaluate the potential air quality impact of M-101 rounds at P TA,
we conducted a computer modeling analysis using onsite wind data along with a number
of conservative assumptions regarding atmospheric stability conditions and the fate of M101 rounds lying on the surface within the impact zone at PTA. The EPA's Industrial
Source Complex - Short Term (ISCST) model was employed in a screening mode with
the following input:
-

wind direction and wind speed data from four (4) monitoring stations at PTA

-

neutral stability (Class 4) assumed during the period 8:00 a.m.
-

-

-

-

10:00 p.m. daily

stable atmosphere (Class 6) during the period 11:00 p.m. - 7:00 a.m. daily when
wind speed was less than 4 meters per second
100 intact M-101 rounds were struck by a high explosive round and 100%
aerosolized
three (3) scenarios were modeled: detonation at 8:00 a.m., 2:00 p.m. or 12:00
midnight (to reflect different meteorological conditions)

-

the detonation was assumed to occur every day of the year at the specified hour

-

annual average uranium (U) concentrations were computed at 966 receptor
locations spaced at 100 meter intervals on the PTA boundary

Results. The results of aerosolizing 100 M-101 rounds at a specific hour every day of the
year are summarized in Table 1.

J. W. Morrow
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Table 1
"Worst Case" Analysis
(100 M-101 Rounds/Day)

Annual Average
DUJ Concentration
(ug/m 3 )

Detonation Time
8:00 a.m.

0.082

2:00 p.m.

0.056

12:00 midnight

0.25

Despite the very conservative assumptions made in this analysis, all the maximum annual
average concentrations are below the World Health Organization's recommended public
exposure level of 1.0 microgram per cubic meter (ug/mn) of air for soluble forms of DU.

[1]
An analysis employing more realistic assumptions, e.g., less rounds and number of
possible detonations based on actual training schedules would produce even lower annual
average concentrations. For example, simply taking the known number of M-10l rounds
shipped to Hawaii, i.e., 714, reduces the assumed average number of rounds detonated
per day in a year to about two (2). Simply using that number of detonations per day
reduces potential annual exposures by 98% (see Table 2).

Table 2
Actual Number of Rounds Analysis
(Two (2) M-101 Rounds/Day)

Annual Average
DU Concentration
(ug/m 3 )

Detonation Time

J. W. Morrow0/0082o3

8:00 a.m.

0.00 16

2:00 p.m.

0.0011

12:00 midnight

0.0050

02/05/08

2 of 3

Realistic atmospheric conditions, particularly during daylight hours when the bright sun
contributes to instability causing mixing and dilution of any airborne DU would further
reduce the annual average concentration.
Discussion. DU is normally considered a chemical hazard, not a radiation hazard
because its content of the more energetic isotope Uranium-235 has been reduced [1, 2].
At the levels noted above, it does not appear to be a chemical hazard either. Uranium is
not readily absorbed by the body as is the case with some other heavy metals, and the
small amounts indicated above would be efficiently excreted in the fecesand urine. [1, 3]
The only difference between DU and naturally occurring uranium is DU's reduced
radiation which makes it less hazardous than the natural form.
Conclusion. Based on the foregoing analysis , we conclude that the M-101 rounds which
may be remaining on the surface at PTA, are not likely to adversely affect local air
quality or have inhalation related health effects.
J. W. Morrow, DrPH
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ABSTRACT
During the 1960's the U.S. Army fielded a classified weapons system called the Davey Crockett.
This recoilless gun system included a secondary co-axially mounted gun which fired a 20
millimeter spotting round to assist the shooter in accurately engaging a target. This M101
spotting round was composed of a uranium molybdenum alloy, 92% of which was depleted
uranium. During 2007 and 2008 surveys, Army contractors found components and fragments of
the Mi01 spotting rounds in range impact areas at the Pohakuloa Training Area (PTA) on the
island of Hawaii. This disclosure generated public concern about the possible exposure of
Hawaii residents to airborne depleted uranium in the event that these fragments were struck by
high explosive munitions and aerosolized into inhalable particles. In this study the AERMOD
model was used along with existing meteorological data from PTA and a nearby National
Weather Service (NWS) station to assess the potential exposure to airborne depleted uranium of
the public residing outside the PTA boundaries. A number of exposure scenarios were
investigated, and the results indicated that under simulated worst case meteorological conditions,
predicted airborne depleted uranium concentrations at the PTA boundaries were below both
World Health Organization (WHO) and U. S. Agency for Toxic Substances and Disease Registry
(ATSDR) public health protection guidelines for uranium exposure.
INTRODUCTION
The August 2005 discovery of munition components of a 1960's vintage and now obsolete
weapon system (the Davey Crockett) containing depleted uranium at Schofield Barracks on the
island of Oahu caused the U. S. Army to conduct a thorough archives search in an effort to
identify the number and location(s) of such munitions at military installations in the Hawaiian
islands. 2 That discovery and its disclosure to the public also triggered concerns about release of
radioactive material into the local environment and potential adverse health effects.
Depleted and natural uranium are composed of the same three isotopes, 238U, 235U,and 234 U, but
differ in the percentages of each. 238 U comprises 99.27% of natural uranium but increases to 99.6
- 99.8% in depleted uranium (DU) due to the extraction of the latter two isotopes which due to

their much greater radioactivity are used to produce enriched uranium for nuclear power plants
and weapons3,
The Davey Crockett included a sub-system that fired a 20 mm spotting round to assist the gunner
in striking the desired target with the main munition. The spotting round projectile weighed
approximately 3,180 grains (207.8 g) and was composed of a uranium molybdenum alloy, 92%
of which was depleted uranium (DU); 2,5 thus each round contained approximately 191 g of DU.
It was fragments of this DU and other components of the Davey Crockett system that were found
at Schofield Barracks.
The Army's largest installation in Hawaii is the 108,890-acre Pohakuloa Training Areas (PTA)
situated on the plateau lying between the Mauna Kea and Mauna Loa volcanoes on the island of
Hawaii (Figure 1). Elevations on the installation range from approximately 1,300 to 2,700
meters above sea level. The Army's archives search report (ASR) 2 indicated that training on the
Davey Crockett weapon system was likely conducted at PTA during the 1962 - 1968 period.
Ground and aerial surveys of PTA ranges conducted in 2008 identified numerous Davey
Crockett pistons and a few projectiles and fragments of the M101 spotting rounds (Figure 2) on
several ranges (Ranges 10, liT, 14, and 17) (see Figure 3)"1 6 which had been previously
identified as ranges meeting the security and safety requirements necessary for Davey Crockett
training. 2 Because the rounds are in impact zone where the primary hazard is unexploded
ordnance, helicopter mounted radiation sensors were the primary means of survey. These
sensors had a minimum detection limit of 3 - 5 MI101 rounds on or near the surface. 6

Figure 1. Location of Pohakuloa Training Area

2

The ASR 2 also confirmed that 714 M 101 spotting rounds had been shipped to Oahu from the
Lake City Army Ammunition Plant in Missouri on 27 April 1962. However, the report also
stated that due to the number of Davey Crockett weapons in Hawaii, it was "highly probable"
that additional M 101 rounds were shipped in from other munitions plants, but records could not
be found. An Army spokesman at a Hawaii County Council meeting estimated that least 2,050
rounds would have been required to meet training requirements during the six years that the
Davey Crockett was fielded.7
It was the purpose of the study reported herein to determine whether there was any potential for
adverse public health effects due to the inhalation of DU particles released when the
aforementioned M I01 spotting rounds were struck with high explosive munitions and
aerosolized.
Figure 2. MI01 Spotting Round at PTA

METHODOLOGY
The general approach of this study was to assume that M101 spotting rounds or fragments
thereof lying within the range impact areas were struck by high explosive rounds, i.e., bombs,
artillery rounds, rockets, etc. and completely aerosolized. The AERMOD 8model was employed
with worst case emission rates and meteorology to estimate maximum DU concentrations at the
PTA boundaries. Annual and maximum monthly concentrations were selected for output based
on existing uranium health guidelines discussed in the Results and Discussion section below.

3

So0U rce

The sources were located in the center of each of the four ranges where evidence of Davey
Crockett use had been found, and each range site was modeled separately. For modeling
purposes, the source was defined as a volume source with initial 3.05 m dimensions and release
height.
Emissions were based on the verified 714 (Scenario A) and estimated 2,050 (Scenario B) M101
spotting rounds shipped to Hawaii. The assumption was made that they were all fired at the PTA
installation. For both primary scenarios A and B, two subordinate scenarios were evaluated. In
sub-scenario 1 (Al and B 1), it was assumed that the stated number of M1 01 rounds (rd) were
equally distributed over the 8,760 hours in a year resulting in the following emission rates:
Scenario Al: 714 rd/ 8760 hr = 0.0815 rd/hr
0.08 15 rd/hr x 191g/rd / 3600 sec/hr

=

0.0043 g/sec

Scenario BI: 2050 rd/ 8760 hr = 0.234 rd/hr x 191g/rd
0.234 rd/hr x 191g/rd / 3600 sec/hr = 0.0124 g/sec
In sub-scenario 2 (A2 and B2), it was assumed that the stated number of M1 01 rounds were
equally distributed over the 365 days in a year and aerosolized during a single hour each day.
Each hour of the day was individually modeled to identify the worst hours. This resulted in the
following emission rates:
Scenario A2: 714 rd/ 365 hr =1.956 rd/hr
1.956 rd/hr x 191g/rd / 3600 sec/hr = 0.104 g/sec
Scenario B2: 2050 rd/ 365 hr = 5.6 16 rd/hr
5.616 rd/hr x 191g/rd /3600 sec/hr =0.298 g/sec
Meteorological Data
Two years of surface meteorological data (2006 and 2007) collected at the PTA base camp as
part of an earlier air monitoring project 9were obtained for this study. The data set included
temperature and wind direction and speed. Upper air soundings data were obtained from the
National Weather Service station (WBAN 21504) at the Hilo International Airport some 30
miles east of PTA.
In order to generate a worst case data set suitable for use with AERMOD, the onsite surface data
were augmented with artificial total sky cover and temperature and wind data at a I10m height.
When processed in accordance with Turner's key to stability caegres '11the measured and
augmented data generated Pasquill stabilities of "D" during the day and "D", "E" and "F" during
the night, depending on actual wind speed. This resulted in the annual frequencies presented in
Table 1.
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In generating the AERMET 12 output files for modeling, albedo, Bowen ratio, and surface
roughness were based on average summer time conditions in grasslands.

Table 1. Annual Frequency of Stability Categories
Year

Stability "D"

Stability "E"

2006

71.4%

11.6%

68.1%

11.5%

2007

j

{

Stability "F"

17.0%
20.4%

Receptors and Terrain
Groundlevel receptors were spaced 50 meters apart along the PTA boundary. Elevation data
were extracted from the U. S. Geological Survey's National Elevation Data (NED) database, 1 3
and AERMAP'14 wsused to obtain the elevation at each receptor.

RESULTS AND DISCUSSION
The modeling results are summarized in Tables 2 ,3, 4, and 5, and the locations of maximum
DU impacts are depicted in Figure 3 along with the locations of the ranges and meteorological
station.
The tables include public health protection guidelines for uranium exposure from the World
Health Organization (WHO) 2 and the U.S. Agency for Toxic Substances and Disease Registry
(ATSDR).' 5 Those guidelines are applicable to both natural and depleted uranium since all
uranium behaves the same chemically and differs only in its radioactivity.2' 16Because of their
low radioactivity, both natural and depleted uranium are more likely to be primarily chemical

hazards than radiation hazards.'14' 16 Their carcinogenic potential is very low as the ATSDR

reports that "no human cancer of any type has ever been seen as a result of exposure to natural or
depleted uranium"6
Because uranium is not considered an acute toxic hazard but rather as a chronic exposure hazard,
the WHO and ATSDR guidelines tend to be long term. ATSDR defines its "chronic exposure"

as 365 days or longer and "intermediate exposure" as >14 - 364 days.' 7

The highest predicted annual and monthly DU concentrations, 0.0101 and .0299 gg/m3 , were
approximately 3.36% and 7.47%, respectively, of the ATSDR guidelines. The annual maximum
occurred in a scenario in which 5.6 MIl01 rounds were aerosolized every day at 21:00 hours
Hawaiian Standard Time (HST) at the Range 17 site. The monthly maximum occurred under
the same conditions except at 22:00 HST. The areas of maximum predicted impacts for 2006
and 2007 were on the PTA boundary northwest of the ranges in the vicinity of UTM grids
216,000E - 2,185,000 N and 221,000E and 2,189,000N (WGS-84) which is consistent with the
annual predominance of southeasterly winds at the PTA base camp (Figure 4).

5

The majority of annual and maximum monthly concentrations listed in Tables 2 - 5 are one to
two orders of magnitude below the aforementioned health guidelines despite the following
conservative analysis assumptions regarding source activity and meteorology:
* all the M1 01 spotting rounds were expended at PTA when in fact some were used at
Schofield Barracks on Oahu;
* all the MI01 rounds were struck and aerosolized within a 1-year period;
* the MlI01 rounds would be struck and aerosol ized at the same hour each day in a 1-year
period;
*the M101 rounds aerosolized in the single hour scenarios were assumed to be present in
groups of 2 - 6 rounds when groupings of that size were not detected during the aerial
surveys;
*

the M 101 rounds and their fragments would all still be present on the ranges after over 40
years of bombardment by explosive munitions; and

•

neutral ("D") and stable ("E" and "F") atmospheric conditions would prevail at all times
throughout the year with no occurrences of unstable conditions.

Figure 3. Location of Maximum DU Impacts
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Table 2. 2006 Estimated Worst Case
Annual and Maximum Monthly
DU Concentrations (j•g/m 3) Based on 714 M101 Spotting Rounds
Range 14Ra

Scenario'RneORagl_________Annual

1-Month

Annual

1-Month

Annual

1

1-Month Annual 1-Month

8760 hrlyr

0.0003

0.0005

0.0004

0.0008

0.0005

0.0010

0.0008

0.0016

01:00 HST

0.0004

0.0008

0.0004

0.0009

0.0004

0.0010

0.0003

0.0006

02:00 HST

0.0004

0.0008

0.0003

0.0007

0.0004

0.0009

0.0002

0.0011

03:00 HST

0.0004

0.0008

0.0003

0.0006

0.0004

0.0006

0.0002

0.0004

04:00 HST

0.0005

0.0009

0.0004

0.0015

0.0003

0.0010

0.0002

0.0004

05:00 HST

0.0005

0.0009

0.0004

0.0007

0.0004

0.0009

0.0002

0.0005

06:00 HST

0.0006

0.0011

0.0010

0.0010

0.0004

0.0007

0.0003

0.0009

07:00 HST

0.0008

0.0016

0.0005

0.0031

0.0004

0.0018

0.0004

0.0029

0800 HST

0.0010

0.0028

0.0006

0.0019

0.0005

0.0046

0.0003

0.0029

09:00 HST

0.0009

0.0020

0.0005

0.0014

0.0004

0.0019

0.0004

0.0014

10:00 HST

0.0009

0.0033

0.0005

0.0021

0.0007

0.0015

0.0006

0.0020

11:00 HST

0.0004

0.0018

0.0005

0.0021

0.0006

0.0024

0.0009

0.0017

12:00 HST

0.0004

0.0019

0.0005

0.0016

0.0006

0.0016

0.0008

0.0020

13:00 HST

0.0004

0.0028

0.0004

0.0038

0.0006

0.0027

0.0009

0.0024

14:00 HST

0.0004

0.0012

0.0004

0.0011

0.0006

0.0016

0.0009

0.0022

15:00 HST

0.0005

0.0017

0.0005

0.0018

0.0007

0.0024

0.0010

0.0034

16:00 HST

0.0004

0.0011

0.0005

0.0012

0.0007

0.0017

0.0010

0.0017

17:00 HST

0.0004

0.0012

0.0005

0.0013

0.0007

0.0018

0.0010

0.0027

18:00 HST

0.0005

0.0010

0.0005

0.0012

0.0008

0.0020

0.0013

0.0035

19:00 HST

0.0007

0.0026

0.0008

0.0029

0.0015

0.0052

0.0025

0.0085

20:00 HST

0.0008

0.0025

0.0010

0.0026

0.0016

0.0043

0.0029

0.0074

21:00 HST

0.0010

0.0027

0.0012

0.0033

0.0020

0.0057

0.0035

0.0094

22:00 HST

0.0009

0.0051

0.0019

0.0101

0.0017

0.0078

0.0018

0.0104

23:00 HST

0.0008

0.0039

0.0012

0.0061

0.0010

0.0030

0.0009

0.0033

24:00 HST

0.0004

0.0020

0.0010

0.0055

0.0006

0.0017

0.0004

0.0016

WHO exposure guideline:
1.0 pg/rn 3
ATSDR minimal risk level (MRL): 0.3 pg/rn 3
0.4 pg/rn
8.0 pg/rn

(annual)
(chronic exposure/highly soluble salts)
(intermediate exposure/highly soluble salts)
(intermediate exposure/insoluble compounds)
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Table 3. 2006 Estimated Worst Case
Annual and Maximum Monthly
DU Concentrations (pig/m 3) Based on 2,050 M101 Spotting Rounds
Scenario

Rangel10

Rangel11.T

1-Month Annual

________Annual

Ran e 14

Range 17

1-Month

Annual

1-Month

Annual

1-Month

8760 hr/yr

0.0008

0.0016

0.0010

0.0022

0.0013

0.0028

0.0022

0.0047

01:00 HST

0.0011

0.0023

0.0010

0.0001

0.0011

0.0001

0.0008

0.0001

02:00 HST

0.0013

0.0023

0.0010

0.0021

0.0010

0.0026

0.0006

0.0033

03:00 HST

0.0013

0.0023

0.0009

0.0017

0.0011

0.0017

0.0006

0.0011

04:00 HST

0.0013

0.0026

0.0012

0.0043

0.0009

0.0028

0.0005

0.0011

05:00 HST

0.0015

0.0026

0.0010

0.0019

0.0012

0.0025

0.0007

0.0014

06:00 HST

0.0018

0.0031

0.0030

0.0030

0.0012

0.0020

0.0007

0.0025

07:00 HST

0.0024

0.0047

0.0014

0.0090

0.0011

0.0052

0.0012

0.0082

0800 HST

0.0028

0.0080

0.0017

0.0054

0.0014

0.01 31

0.0009

0.0084

09:00 HST

0.0025

0.0056

0.0015

0.0041

0.0012

0.0055

0.0010

0.0040

10:00 HST

0.0026

0.0094

0.0015

0.0061

0.0020

0.0044

0.0018

0.0057

11:00 HST

0.0013

0.0052

0.0014

0.0059

0.0018

0.0069

0.0026

0.0048

12:00 HST

0.0011

0.0054

0.0014

0.0046

0.0016

0.0047

0.0022

0.0056

13:00 HST

0.0013

0.0080

0.0013

0.0108

0.0018

0.0076

0.0027

0.0068

14:00 HST

0.0012

0.0035

0.0012

0.0033

0.0017

0.0046

0.0025

0.0063

15:00 HST

0.0013

0.0048

0.0014

0.0050

0.0021

0.0069

0.0029

0.0099

16:00 HST

0.0012

0.0033

0.0014

0.0035

0.0020

0.0049

0.0028

0.0049

17:00 HST

0.0012

0.0035

0.0014

0.0039

0.0021

0.0053

0.0029

0.0077

18:00 HST

0.0013

0.0029

0.0015

0.0034

0.0023

0.0058

0.0038

0.01 :00

19:00 HST

0.0021

0.0075

0.0024

0.0083

0.0043

0.01 49

0.0071

0.0245

20:00 HST

0.0024

0.0073

0.0028

0.0076

0.0046

0.01 23

0.0083

0.0212

21:00 HST

0.0030

0.0078

0.0034

0.0093

0.0056

0.0163

0.0101

0.0269

22:00 HST

0.0027

0.0147

0.0056

0.0289

0.0050

0.0224

0.0053

0.0299

23:00 HST

0.0024

0.0112

0.0035

0.0175

0.0029

0.0085

0.0024

0.0096

24:00 HST

0.0012

0.0058

0.0028

0.0159

0.0016

0.0049

0.0012

0.0046

WHO exposure guideline:
1.0 pg/rn3
ATSDR minimal risk level (MRL): 0.3 pg/rn
0.4 Ipg/rn 3
8.0 pg/in

(annual)
(chronic exposure/highly soluble salts)
(intermediate exposure/highly soluble salts)
(intermediate exposure/insoluble compounds)
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Table 4. 2007
Estimated Worst
Case
Monthly
3) Annual
DU Concentrations
(pig/m
Based onand
714Maximum
M101 Spotting
Rounds
JiScenario

Ran el0O
Ana

Ran el11-T

Range 14

1-otAnual 1-Month..Annual

Ran e 17

1-Month

Annual

1-Month

8760 hr/yr

0.0002

0.0006

0.0003

0.0005

0.0004

0.0008

0.0006

0.0013

01:00 HST

0.0003

0.0006

0.0003

0.0010

0.0003

0.0008

0.0003

0.0004

02:00 HST

0.0003

0.0005

0.0003

0.0008

0.0003

0.0007

0.0002

0.0004

03:00 HST

0.0003

0.0008

0.0002

0.0006

0.0002

0.0005

0.0002

0.0004

04:00 HST

0.0004

0.0009

0.0003

0.0006

0.0003

0.0006

0.0002

0.0004

05:00 HST

0.0004

0.0007

0.0003

0.0011

0.0003

0.0007

0.0002

0.0005

06:00 HST

0.0004

0.0008

0.0003

0.0012

0.0003

0.0006

0.0002

0.0006

07:00 HST

0.0004

0.0019

0.0004

0.0019

0.0005

0.0021

0.0004

0.0019

0800 HST

0.0006

0.0023

0.0004

0.0012

0.0002

0.0008

0.0002

0.0007

09:00 HST

0.0008

0.0026

0.0005

0.0021

0.0004

0.0019

0.0003

0.0014

10:00 HST

0.0006

0.0019

0.0004

0.0013

0.0005

0.0016

0.0006

0.0022

11:00 HST

0.0003

0.0012

0.0004

0.0013

0.0005

0.0013

0.0006

0.0014

12:00 HST

0.0005

0.0023

0.0005

0.0021

0.0007

0.0015

0.0010

0.0018

13:00 HST

0.0004

0.0022

0.0004

0.0026

0.0005

0.0020

0.0008

0.0021

14:00 HST

0.0004

0.0015

0.0004

0.0013

0.0005

0.0012

0.0007

0.0016

15:00 HST

0.0004

0.0016

0.0004

0.0017

0.0006

0.0010

0.0008

0.0015

16:00 HST

0.0004

0.0009

0.0004

0.0010

0.0006

0.0014

0.0008

0.0019

17:00 HST

0.0004

0.0014

0.0004

0.0012

0.0006

0.0013

0.0008

0.0018

18:00 HST

0.0004

0.0010

0.0005

0.0011

0.0007

0.0020

0.0011

0.0031

19:00 HST

0.0006

0.0019

0.0007

0.0022

0.0011

0.0036

0.0020

0.0062

20:00 HST

0.0007

0.0017

0.0008

0.0020

0.0014

0.0033

0.0024

0.0055

21:00 HST

0.0007

0.0025

0.0009

0.0030

0.0015

0.0049

0.0027

0.0085

22:00 HST

0.0006

0.0024

0.0009

0.0031

0.0015

0.0054

0.0012

0.0046

23:00 HST

0.0005

0.0027

0.0008

0.0043

0.0012

0.0068

0.0009

0.0050

24:00 HST

0.0004

0.0016

0.0004

0.0016

0.0003

0.0010

0.0004

0.0010

WHO exposure guideline:
1.0 pg/rn 3
ATSDR minimal risk level (MRL): 0.3 pg/rn3
0.4 pg/rn
8.0 pg/in3

(annual)
(chronic exposure/highly soluble salts)
(intermediate exposure/highly soluble salts)
(intermediate exposure/insoluble compounds)
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Table 5. 2007
Estimated Worst
Case
Maximum
MonthlyRounds
3) Annual
DUT Concentrations
(jig/rn
Based onand
2,050
M101 Spotting
Scenario

Rangel10

________Annual

Range 11-T

Range 14

Rane017

1-Month

Annual

1-Month Annual

1-Month

Annual

1-Month

8760 hr/yr

0.0006

0.0016

0.0007

0.0015

0.0011

0.0023

0.0018

0.0038

01:00 HST

0.0008

0.0016

0.0009

0.0001

0.0010

0.0001

0.0007

0.0000

02:00 HST

0.0010

0.0016

0.0008

0.0022

0.0008

0.0021

0.0007

0.0012

03:00 HST

0.0010

0.0022

0.0007

0.0018

0.0007

0.0015

0.0006

0.0011

04:00 HST

0.0011

0.0025

0.0007

0.0016

0.0008

0.0017

0.0005

0.0011

05:00 HST

0.0011

0.0020

0.0008

0.0030

0.0009

0.0019

0.0005

0.0015

06:00 HST

0.0012

0.0022

0.0009

0.0035

0.0005

0.0018

0.0006

0.0017

07:00 HST

0.0012

0.0055

0.0012

0.0054

0.0015

0.0061

0.0012

0.0055

0800 HST

0.0017

0.0065

0.0010

0.0035

0.0007

0.0023

0.0006

0.0019

09:00 HST

0.0023

0.0075

0.0015

0.0059

0.0012

0.0055

0.0008

0.0041

10:00 HST

0.0017

0.0055

0.0011

0.0038

0.0013

0.0045

0.0016

0.0062

11:00 HST

0.0009

0.0034

0.0012

0.0037

0.0014

0.0038

0.0018

0.0039

12:00 HST

0.0014

0.0067

0.0014

0.0061

0.0020

0.0043

0.0028

0.0052

13:00 HST

0.0011

0.0064

0.0011

0.0076

0.0015

0.0059

0.0022

0.0059

14:00 HST

0.0010

0.0044

0.0010

0.0038

0.0014

0.0035

0.0021

0.0047

15:00 HST

0.0011

0.0045

0.0011

0.0049

0.0016

0.0030

0.0023

0.0044

16:00 HST

0.0010

0.0027

0.0011

0.0029

0.0017

0.0041

0.0024

0.0053

17:00 HST

0.0011

0.0040

0.0012

0.0034

0.0016

0.0038

0.0024

0.0053

18:00 HST

0.0011

0.0028

0.0013

0.0032

0.0020

0.0056

0.0032

0.0089

19:00 HST

0.0017

0.0054

0.0020

0.0063

0.0033

0.0102

0.0058

0.0177

20:00 HST

0.0020

0.0049

0.0024

0.0058

0.0041

0.0096

0.0069

0.0157

21:00 HST

0.0022

0.0073

0.0026

0.0087

0.0043

0.0141

0.0077

0.0245

22:00 HST

0.0017

0.0068

0.0025

0.0089

0.0042

0.0154

0.0035

0.01 33

23:00 HST

0.0015

0.0079

0.0022

0.0123

0.0035

0.0196

0.0025

0.0142

24:00 HST

0.0011

0.0046

0.0013

0.0047

0.0009

0.0027

0.0010

0.0030

WHO exposure guideline:
ATSDR minimal risk level (MRL):

1.0
0.3
0.4
8.0

pg/rn 3 (annual)
pg/rn 3 (chronic exposure/highly soluble salts)
pg/rn (intermediate exposure/highly soluble salts)
pg/in 3 (intermediate exposure/insoluble compounds)
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CONCLUSION
the presence of depleted uranium (DU) residue
The results of the foregoing analysis suggest that
in range impact areas related to the historical use of MI01 spotting rounds at Pohakuloa Training
Area on the island of Hawaii has not previously and does not currently pose any inhalation
hazard to the citizens residing outside the boundaries of that installation.
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A 60-foot firebreak seperates Fort SIIia#039;s east range from off-post housing. The firebreak was instrumentalin
stopping a recent fire in the area.
When a fire started during training at the Kerr Hill machine gun range here Jan. 20,
Soldiers at the range, Range Control officials and firefighters from Fort Sill Fire and
Emergency Services responded immediately.
The flames and smoke created a dramatic landscape, because firefighters used a
backburn technique to literally fight fire with fire. After almost two hours the fires were
extingushed.
The emergency response and results were typical and part of the installation's policy to
control any fires that start from live fire exercises.
Fires on Fort Sill's 86,000 acres of training ranges are Inevitable because of the volume
and types of ordnance expended and Oklahoma's dry seasons and high winds, said
Buddy Leavell, range operations officer at the Directorate of Plans, Training, Mobilization
and Security's Range Control.
The fires pose minimal danger to the Fort Sill, Lawton and surrounding communities
because of range safety; an emergency response system in effect 24/7 with numerous
personnel, equipment and agencies; and a firebreak system, said Range Control and
firefighting officials.
Every live fire training has an officer in charge and a range safety officer present, who
have completed the Range Control safety orientation specific to the range they are using,
Leavell said.
This annual training requirement covers many safety issues including what to do in case
of a fire.
If a fire starts, the OIC or RSO will radio officials at the Range Control radio room, which
is staffed 24 hours, Leaveli said. They in turn will call 9-1-1, who will dispatch firefighters
from one of the four Fort Sill Fire stations.
Soldiers at the range provide the first line of defense fighting fires because it may be 30
minutes before firefighters can get to the furthest ranges, said Rick Gilleland Fort Sill fire
chief.
Depending on the size of fire, Soldiers might fight it using fire flappers - mop handles
with broad rubber flaps attached to the end. Soldiers slap at the fire, snuffing it out.
Flappers are very effective on short grass but not tall grass, he said.
"Soldiers (with flappers) actually prevented the fire from getting to any of the facilities at
Kerr Hill. They were very instrumental," Gilleland said.
There are five impact areas where artillery lands, which are frequently the site of fires.
Fires in the impact area are allowed to burn and are monitored. In some cases they have
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burned for days, said Fort Sill Assistant Fire Chief Ronald Pyle.
The Impact areas are too dangerous for personnel and equipment to go In to because of
unexploded ordnance, sharp objects and craters.
The impact areas are surrounded by internal firebreaks, 40-foot wide swaths of plowed
earth to keep It free of vegetation, said Randy Brous, Quality Assurance evaluator at the
Directorate of Public Works. Beyond the impact zone there are buffer zones of varying
widths, and whose perimeters are lined by 60-foot wide firebreaks. Workers from the
DPW plow the firebreaks twice a year.
The post's firefighters are trained to fight wild range fires and one of the tactics they use
lathe backburn, Gilieland said.
If wind is fanning a burning area, firefighters will get ahead of the fire and start a
backburn at the edge of the firebreak. The backburn is a slow, controlled burn against
the wind. When the backburn meets the [.lUMPloncoming fire, the flames go Out because
there is no more vegetation to burn, Gilleland said.
Prevention
If they see a firebreak that needs to be plowed, they will notify DPW. If there is a heavy
growth of vegetation near a firing area, firefighters may do a prescribed burn to
eliminate the brush, Gi~leland said.
Every morning Fort Sill fire officials provide Range Control with a range status for firing
pyrotechnics. Pyrotechnics include smoke grenades, hand grenades, trip flares and
tracers, Leaveli said. The range status factors in wind, humidity, atmospheric conditions,
droughts, etc.
In green status there are no restrictions on pyrotechnics. In amber, only pyrotechnics
can be fired within the impact area. No pyrotechnics can be used in red status. In a black
status, the commanding general has halted all firing on the installation, according to Fort
Sill Regulation 385-1. Most of the time, the ranges are under green or amber status, Pyle
said.
The dry Okiahoma winter makes this a time for frequent fires, Leaveli said. Summer is
another peak time for fires because of the dry conditions, as well as more training
because of the influx of Reserve and National Guard Soldiers.
Gilleland emphasized that the responses to range fires are a team effort that involves
numerous directorates, the Fort Sill Installation Operations Center, the U.S. Fish and
Wildlife Service here and city and county agencies.
The fort has a mutual aid agreement with Lawton, which allows the city's fire crews to
assist the fort with incidences and vice-versa, Gilleland said. This applies not only to
fires, but events such as hazardous materials spills.
The IOC is informed of everything that the Fort Sill firefighters are doing, Gilleland said.
The IOC, in turn, keeps the post commanders informed of fires.
"They (command staff) are very interested. They may get up at 2 o'clock in the morning
and do a status check of a fire," Gilieland said.
Pyle said that it is the firefighters' job to keep Fort Sill and Its surrounding communities
safe.
"We try to make It safe and we sure are going to do our best to make it safe," he said.
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FORT HOOD, Texas (Sept. 6, 2011)

--

Extreme drought

Related Links

conditilons have led to wildfires in Fort Hood's training
areas, burning nearly 5 percent of the 215,000-acre post.

tIt Corps and Fort lined

Since Aug. 19, three separate fires ignited on the ranges,
burning 11,380 combined acres, and as of Sept. 6, a fire
continued to burn at Jack Mountain.

Watch Fort Hoed en YouTube

'I flew over and visited the Jack Mountain range areas
today," said Lt. Gen. Don Campbell Jr,, III Corps and Fort
Hood commanding general. 'Fire Chief Billy J. Rhoads
showed me the areas affected by the fires; currently the
Department of Emergency Services and the Fort Hood
Fire Department have the area 60-percent contained."

Fort HoodRadio

FollowFort Hued nn Facebeek

Viewmore photos of the Fort
iHoodfirm•on Fllckr

Ready Army .

...

Armywlih American News

While personnel and the main cantonment area weren't threatened by the flames,
concerns elevated across the installation Labor Day as 20 mph winds blew smoke and
ash toward housing areas.
"We've had crews out here 24/7, if not working on the fire, monitoring to make sure that
it's not spreading," said Lacey Eide, public information officer, Fort Hood Department of
Emergency Services, or DES.
Fort Hood DES, Directorate of Public Works, Soldiers and the Tesas Forentry Service
have been battling the blazes with helicopters, bulldozers, graders, water tankers and
additional ground support vehicles.
"I am proud of the hard work and professionalism of Chief Rhoads and his team in
protecting Fort Hood, our Soldiers, our civilians and families," Campbell said.
The Pilot Knob Fire, which started Aug. 19, burned 1,500 acres and was contained Aug.
23. The Robinette Fire, which began Aug. 20, burned 6,180 acres before it was contained
Aug. 23.
The jack Mountain Fire began Aug. 30, and was 75-percent contained Sept. 4 after
burning 3,000 acres, but high winds re-ignited hot spots, leading to an additional 700
acren of damage. As of Sept. 6, it was 60 percent contained.
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Officials believe all three fires were started following routine training.
"Currently, there Is no training in this area because of the fire," Elde said. "Also, because
of the extreme conditions, they (Soldiers) are no longer going to be training, until further
notice."
Coincidentally, September is National Preparedness Month, and the fires across Central
Texas have reminded families about the importance of being prepared In the event of a
natural disaster.
Through Ready Army, military communities are encouraged to get a kit, make a plan and
be Informed. On Fort Hood social medIa sites, families discussed what Items they have In
their Ready Army kits and what they would grab if they had only 30 minutes to evacuate.
'I would start grabbing a couple rings, my laptop, camera, all my pics/scrapbooks, have
the kids grab their favorite toys, and then I'd just start loading down the car. I can pack
a lot in 30 minutes. I've been an Army wife for eight years," Alicia Johnson wrote on
Facebook.
Over the past week, Facebook has also lit up with military families offering to support fire
departments and surrounding Central Texas communities victimized by the fires. They've
collected and delivered battled water, homemade meals, clothes and more.
Fort Hood and most of Texas remains in the 04 Exceptional drought category, and the
drought Is expected to persist or intensify, according to the U.S. Drought Monitor.
Because of the extreme fire danger, fireflghtlng equipment and personnel remain on the
scene.
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Public Affairs Office

U.S. Army Garrison, Hawaii

(808)656-3160/3152
"Malama n a Koa"
Release number: 2010-10-05
Oct. 15, 2010
FOR IMMEDIATE RELEASE

Army firefighters monitor fire on Schofield range
SCHOFIELD BARRACKS, Hawaii--A controlled wildfire is currently burning on several
ranges near Kolekole Pass, here.
The fire began around 6:15 p.m., Wednesday, at the Range KR8 impact area. Department of the
Army firefighters responded Wednesday evening and have continued to monitor the fire. There
is no threat to nearby facilities or people at this time. The cause of the fire is under
investigation.
Residents and motorists near Schofield Barracks may see smoke in the sky, but the fire is
contained.
It is estimated that between 300-400 acres have burned thus far. The area that is burning was*
scheduled for a prescribed burn in November so officials are letting the fire burn out on its own.

-30-

For additional information, please call Stefanie Gardin at 808-656-3160 or Dennis

Drake at 808-656-3154.

Attachment 10. Arguments against Air Sampling During HE Fire into
RCAs, rev. 1

Arguments against Air Sampling During
HE Fire into RCAs
The Army asserts that it is not "reasonable under the circumstances" to perform air
sampling during high explosive (HE) fire into M101 depleted uranium (DU) spotting
round radiation control areas (RCAs). We provide four arguments to support that
assertion.
Argument I
The following simple-minded calculation assumes steady-state DU concentration in air
in and at the boundary of a typical M101 radiation control area.
NRC requires effluent monitoring if the air concentration for a radionuclide exceeds 10
percent of the applicable value in Table 2, Appendix B, 10 CFR 20, averaged over a
calendar year. The effluent concentration limit for both 23 5U and 238 U iS6 x Q104 pJCi/mL
= 0.06 pCi/in 3 . The effluent concentration limit for 2 34U is 5 x 10-14 IpCi/mL = 0.05
pCi/in 3 ..
Assume, for the purpose of the calculation, that:
*

Ten percent of the maximum effluent concentration for the mixture of the three
uranium isotopes that make up DU is constantly in the atmosphere exiting the
RCA every year for 50 y or for 1.57788 x 109Q s ("steady state").
,, The average annual wind speed is 5 m/s (this is the smallest value for all the
M101-affected installations; see Table 1)
,* The wind blows in a single direction
* The cross-section of the air that is exiting the RCA with suspended DU in it is 5 in

high by 1000 in wide or 5000 in2 . 1
* The activity abundances in DU of 234 U, 23 5U, and
percent, and 87.5 percent,

2 38 U are

11.4 percent, 1.1

respectively. 2

Given:
*

The DU mass/MI01 round is 190 g.

IWe chose 5 m for the height as a conservative value for the height of the dust cloud that an HE
•explosion produces. We chose 1000 m for the width because that is the minimum width for wind blowing
to a side of the typicai 1-km square RCA.
2 One calculates relative activity abundances for DU from the known specific activities of uranium
isotopes and their assumed relative mass abundances. Because the relative mass abundances vary
among DU samples, relative activity abundances for DU, which depend on the sample, will also vary.,
usually between 83 percent and 90 percent for 238U. The values we use here are typical.

Arguments against Air Sampling During HE Fire into RCAs

* The specific activity of DU is 3.6 x 10-7 Ci/g

=

3.6 x 105 pCi/g. 3

For radionuclides in a mixture, the "sum of fractions" rule applies; see 10 CFR 20,
Appendix B, Note 4. At the effluent limit for the mixture, the sum of fractions equals 1.
At ten percent of the effluent limit, we use 0.1. Let the air concentration for isotope i be
C, and the air effluent limit be L,. Then, the sum of fractions at the effluent limit for the

mixture of radionuclides is:

ZI=:1
The total air volume Vin which the DU leaves the RCA in 50 y is:
V = 5 rn/s x 5000 rn2 x 1.57788 x 19s = 3.94 x 10i 3 m3

Let `4; be the activity of radionuclide I. Then C,.= A4;/[Vand the sum of fractions becomes
3Ej±.=0.1V=3.94

x10i2m3

Let Nbe the number of M101 rounds aerosolized. Using the relative abundance R~for
radionuclide i, then
Ai=

NRi .x 190 g x 3.6 x i0s pCi/g = NRi x 6.84 x 107 pCi

The sum of fractions becomes
N

v-- RL

L

/--

3.94 x 101

m3

6,84 x~10 ~

=

5.7 x~10 rn 3 /pCi

This equation shows that Nis proportional to V,which in turn is proportional to the
average annual wind speed and the selected cross section area.
The following term depends on the values selected for the isotopic activity abundances:
3
i0.875
+ 0.011
0.114
i..iiL--.=0.06 pCi/rn 3 +0.05 pCi/rn 3 =170m/i

Solving for N.

3 Footnote 3 to Appendix B of 10 CFR 20 says, "The specific activity for
U-234 ... shall be [3.6 x 10-7 Cifg for depleted uranium]."
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N2.31
= x10 = 3383
17
That is, we would have to aerosolize and blow away the dust equivalent of almost 3400
M101 rounds 4 (68 rounds per year for fifty years) per RCA to be at 10 percent of the DU
effluent limit for a typical RCA every year for 50 years. Most RCAs do not contain this
number of rounds. On those that do, it is highly unlikely that this has happened. The
Army simply could not sustain the firepower required to make it happen.
High-explosive fire would have to suspend in air the equivalent of almost 34,000 M101
rounds per RCA, and the wind would have to blow this DU from the RCA in a single
direction over the 50-year period, before the Army could exceed effluent standards.
The total number of M1 01 rounds in all the RCAs on all the affected installations is less
than 30,000. It is virtually impossible for the Army exceed the effluent standards at any
installation.
In actuality:
•

Rounds can remain largely intact after 50 y in the environment, depending on
climate.
* Corrosion products remain on and in the soil in proximity to where each round
landed.
* The wind does not blow in a single direction.
• Any suspension into the atmosphere is short-lived because of DU's density (that
is, only DU suspended in air close to the RCA boundary is likely to leave the
RCA; DU suspended in air more than about 25 m from a boundary will fall to the
ground within the RCA).
*Most RCAs are not HE live-fire ranges. Current exceptions include Fort Sill, Joint
Base Lewis-McChord, and Schofield Barracks.
If one considers actual conditions, the possibility Of approaching ten percent of the
effluent standard is even more highly improbable.
Argument 2
Table B.2 in NUREG-1 757 (Nuclear Regulatory Commission 2006) provides Screening
"values that represent surficial surface soil concentrations of individual radionuclides
that would be deemed in compliance with the 25 mrem/y (0.25 mSv/y) unrestricted
release dose limit in 10 CFR 20.1402. NUREG-1757 says, "The licensee may adopt

Table I shows that the least average wind speed for an installations with an M10I-affected range in it is
5.0 m/s for Schofield Barracks. The highest value is 9.2 rn/s for Fort Carson. using Fort Carson's
average wind speed leads to N= 6225.

Page 3 of 9

Arguments against Air Sampling During HE Fire into RCAs
these screening DCGLs without additional dose modeling, if the site is suitable for
screening analysis."

The screening values for 234U, 235 U, and

2 38

U are 13 pCi/g, 8.0 pCi/g, and 14 pCi/g,
respectively. Using the relative activity abundances of the three uranium isotopes in
DU, the screening value for DU is (0.114 x 13 pCi/g) + (0.011 x 8 pCi/g) + (0.875 x 14
pCi/g) ---14 pCi DU/g.

For the DU in 1,000 M1 01 rounds evenly distributed in the surface soil (top 15 cm) of a
typical 1-km 2 RCA, we have calculated that the DU concentration is about 0.3 pCi/g
(Cherry 2012). The maximum possible number of rounds in an RCA occurs at Fort
Benning if we assume that the Army fired all 9700 rounds into a single RCA. This is
unlikely because Fort Benning has eight RCAs on its ranges. The maximum possible
DU concentration (at Fort Benning) is then 3.0 pCi/g, which is still well below the DU
screening level of 14 pCi/g.
Thus, every RCA already meets the unrestricted dose limit, assuming the MI01 rounds
are completely corroded, 5 which implies that each RCA could be released for
Sunrestricted use (while following ALARA measures and NRC protocols/approval), which
then implies that air sampling, which is a restriction, should not be necessary during HE
fire for any RCA.
The Army notes that until 2011, when the NRC placed the restrictions on HE fire into
M101 impact areas, the Army had no such restrictions on its HE fire. This lack of
restrictions had no discernible effect on human health or the environment and was with
the tacit approval of the Atomic Energy Commission and later the Nuclear Regulatory
Commission.
Argument 3

An Army contractor's report (Morrow 2008)6 says:
QUOTE
In order to evaluate the potential air quality impact of M101 rounds at [Pohakuloa
Training Area (PTA)], we conducted a computer modeling analysis using onsite wind
data along with a number of conservative assumptions regarding atmospheric stability
conditions and the fate of M101 spotting rounds lying on the surface within the impact

zone at PTA. The EPA's Industrial Source Complex - Short Term (ISCST) model 7 was
•employed in a screening mode with the following input:

5 If the rounds are not completely corroded, then even less DU is available to contribute to average
annual dose.
• 6 Weattach a copy of this report with the license amendment application for convenience.
7 EPA developed the ISCST model to provide estimates of air concentrations and deposition rates of the
stack emissions of contaminants from industrial sources located in varied terrain (e.g., from simple to
complex terrain) (USEPA 1986).
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*

wind direction and wind speed data from four (4) monitoring stations at PTA

* neutral stability (Class 4) assumed during the period 8:00 a.m. - 10:00 p.m. daily
* stable atmosphere (Class 6) during the period 11:00 p.m. - 7:00 a.m. daily when
*
*
*
*

wind speed was less than 4.meters per second
100 intact M-1 01 rounds [per day] were struck by a high explosive round and
100% aerosolized
three (3) scenarios were modeled: detonation at 8:00 a.m., 2:00 p.m. or 12:00
midnight (to reflect different meteorological conditions)
the detonation was assumed to occur every day of the year at the specified hour
annual average uranium (U) concentrations were computed at 966 receptor
locations spaced at 100 meter intervals on the PTA boundary

UNQUOTE
The highest result Morrow obtained from this "worst-case" analysis (36,500 M101
rounds completely aerosolized in a year) was an annual average DU mass
concentration in air of 0.25 pg/in 3 , which, Morrow points out, is "below the World Health
Organization's recommended public exposure level of 1.0 microgram per cubic meter..
of air for soluble forms of DU.'"8
However, Morrow's result requires additional study. Using the specific activity of DU,

3.6 x 10-7 Ci/g = 3.6 x 10-7 ICi/p~g, the annual average DU activity concentration in air
for the above highly conservative scenario is approximately 9.0 x 10-8 pCi/in 3 = 9.0 x
10-14 pCi/mL. The 238 U activity Content is 0.875 x 9.4 x 10-14 pCi/mL = 7.9 x 10-1
pCi/mL. For comparison, the NRC effluent standard for 23 8U in air is 6 x 10-14 pCi/mL,
so Morrow's highly~conservative scenario produces an average 238 U activity
concentration in air that marginally exceeds the NRC effluent standard for

238U

in air.

Morrow then adopts a more realistic but still highly conservative scenario.. Because no
more than 714 M101 spotting rounds were available for aerosolization by HE munitions
on the two Hawaii ranges, he changed his scenario from 100 M101 spotting rounds per
day aerosolized over a year to two MI0I spotting rounds per day (or 730 rounds in a
year) aerosolized over a year. This reduces the maximum 238U activity concentration in
air by a factor of.50 to 1.6 x 10-15 pCi/mL, which is about 2.6 percent 9 of the NRC

effluent limit for

238 U

in air.

A realistic but still conservative scen~ario, such as one HE munitions direct hit per week

on an M101 spotting round, would reduce the hypothetical maximum 238 U activity
concentration in air to much less than one percent of the NRC effluent limit for 2 38 U in
air. The same argument applies for the air concentrations of 23 4U and 235U from the
hypothetical aerosolization of M1 01 DU.

8 The forms of DU on Army ranges are uranium alloy (before corrosion) and uranium oxide (after

corrosion), both of which are essentially insoluble.
9 Discrepancy from the expected 2.7 percent is due to round off. Similar calculations for 234U and
lead to 0.4 percent and 0.03 percent of the respective NRC effluent limits.
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Clearly, the hypothetical aerosolization of M101 DU bY HE munitions on Army ranges
would produce DU air concentrations that "are authorized by law and will not endanger
life or property or the common defense and security."
Argument 4
This argument has to do with the detectability of uranium in air samples and the

sensitivity of 2 38 U/ 23 4U activity ratios for determining the presence of DU in air samples.
To date the Army has been unable to detect DU in the atmosphere using air sampling in
Hawaii during routine contractor survey and construction operations, during planned
range burns, and during limited HE fire in a training exercise. 1 ° Indeed, the
radiochemistry laboratories were not able to detect even natural uranium above
minimum detection limits for most air samples. Attempts to detect DU'using a
composite of air samples also failed to detect DU in air samples.
With this in mind, consider only those air samples for which the total uranium in the
samples is above detection limits. This total uranium will certainly include natural
uranium. The sample may or may not include DU. The NRC states in license condition
24, "When analytical sampling results from locations outside of the Radiation Control
Area indicate that the U-238/U-234 activity ratio exceeds 3, the licensee shall notify
NRC within 30 days and collect additional environmental samples within 30 days of the
notification of NRC, unless prohibited by the absence of the sampling media." That is,
as it often does, the NRC considers that a 238U/234 U activity ratio of 3 or greater is a
positive indication that the sample contains DU.

The

2 38

U/ 234 U

isotopic composition of the uranium in the sample is determined by either

gamma spectroscopy or alpha spectroscopy. This is possible because the activities of
these two isotopes are roughly comparable in samples of natural uranium, where the
ratio is 1 .0, and of depleted uranium, where the ratio is about 5.5.
We produced the figure on the next page with the assumption that "pure" DU has an

activity ratio of 0.875/0.114 = 7.68. The figure then shows that a

23 8

U/ 234 U

activity ratio

of 3 corresponds to a mixture of about 70 percent natural uranium and 30 percent DU.'1
Although the criterion is certain, the calculated activity ratio has an uncertainty that
depends on the uncertainties of the laboratory results.
The measured uranium isotope activities are usually barely above the minimum
detectable activities and so have large relative uncertainties. Hence, the ratios will also

10

For the HE fire during training, the NRC did not approve the Army's proposed air sampling plan and did

not accept the Army's report for the air sampling.
11

The

238U activity

abundance in the original ("pure") DU metal from which an M101 round was made can

vary from roughly 83 percent to 90 percent, depending on the lot, which, of course, also affects the 234U
activity abundance. A different assumption for the 238U/2 34U activity ratio in "pure" DU leads to different
percentages in the natural uranium-DU mixture that corresponds to a ratio of 3.
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U-238/U-234 activity ratio for NatU/DU mixture
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have large relative uncertainties, so large that they may be useless to determine the
presence of DU even when uranium is detectable in the sample.
Finally, the distribution of M1 01 DU in the impact area is not uniform. Experience has
shown that the DU remains either in un-corroded portions of the M1 01 round or in M1 01
corrosion products in the immediate vicinity of the resting place of each round. Hence,
when an HE round explodes in the DU impact area, it likely will not suspend any DU
unless it explodes on or near the resting place of an M101 round. The required
nearness depends on the HE content of the impacting round, while the likelihood of
being near enough depends on the number of M101 rounds in the RCA. Thus, the
results of a calculation would depend on various debatable assumptions and
probabilities.
Instead, consider what Argument 2 above says: If the DU is uniformly distributed in the
top 15 cm of soil in a 1-km 2 M101 impact area, the maximum possible DU
concentration, 3.0 pCi/g, occurs at Fort Benning. However, this estimate is improbable
because Fort Benning has eight ranges. The most probable maximum DU activity
concentration, 1.3 pCi/g, occurs at Fort Bragg with one range and 4212 M101 rounds.
The concentration for a typical 1000 rounds is about 0.31 pCi/g.
The average natural uranium concentration in United States soil is about 1 .25 pCi/g.
An HE detonation in an M1 01 impact area would suspend natural uranium as well as
DU. The likelihood of the detected mixture containing more than 30 percent DU (to

meet the criterion of 3 for the

2 38

U/ 2•34 U

activity ratio) is low on most ranges and near
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fifty-fifty on the most highly contaminated ranges (Fort Bragg and Fort Hood). Detecting
DU through air sampling under these circumstances so far has been fruitless, is likely to
remain so, and is fraught with uncertainties. As the other arguments show, even if DU
is detected, the likelihood that the DU air concentration, after averaging over a year for
comparison with NRC effluent standards, is more than a tiny percentage of those
standards is miniscule.
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Table 1 Average surface wind speed for States with M101-affected ranges a
Installation

Average Annual Wind Speed (mis)

Donnelly Training Area, Fort Wainwright AK

8.1

Fort Benning GA

7.6

Fort Bragg NC

8.8

Fort Campbell KY

8.0

Fort Carson CO

9.2

Fort Gordon GA

7.3

Fort Hood TX

7.4

Fort Hunter Liggett CA

7.8

Fort Jackson SC

7.0

Fort Knox KY

7.6

Fort Polk LA

6.5

Fort Riley KS

7.9

Fort Sill OK

7.4

Joint Base Lewis-McChord WA

5.1

Joint Base McGuire-Dix-Lakehurst NJ

8.8

Pohakuloa Training Area HI

6.0

Schofield Barracks HI

5.0

Yakima Training Center WA

7.6

a Source:

www.usa.com
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Attachment 11. "Calculation of Public Dose" SOP

Calculation of Public Dose
1. Introduction
The US Nuclear Regulatory Commission (NRC) provided these instructions:
..provide a model or calculation which sites will use (or reference as its technical basis) to
ensure (or justify) that dose from all environmental pathways does not (or is not expected to)
exceed the public dose limit in 10 CFR 20.1301. Clarify how the Army has addressed ALARA with
respect to the public dose limit.
Normally, doses to the public from M101 depleted uranium (DU) on Army ranges clearly is nearly nonexistent. The amount of DU on the large (one square kilometer or more) M101 impact areas is not
large. Uranium is not particularly mobile in the environment. However, the Army takes environmental
samples at some of its installations outside of the M101 impact areas and it is possible that a sample
could contain DU. When that happens, the Army has an opportunity to estimate the dose to a member
of the public to demonstrate quantitatively its compliance with the public dose limit in 10 CFR 20.1301.
This SOP provides the calculations designed to do so.

2. Assumptions for Relative Activity Abundances
We assume the activity abundances in DU of
percent, respectively.1

234

U, 235U, and

238

U are 11.4 percent, 1.1 percent, and 87.5

The figure on the next page is produced with the assumption that "pure" DU has an activity ratio of
0.875/0.114 = 7.68. In natural uranium, the ratio is normally one. The figure then shows that a 3U24
activity ratio of three corresponds to a mixture of about 70 percent natural uranium and 30 percent DU.

3. NRC Standards
In accordance with our "Programmatic Approach for Preparation of Site-Spe'cific Environmental
Radiation Monitoring Plans," we could take the water, soil, and sediment samples. Should we take a
different type of sample, we will employ calculations similar to those we will employ for the water, soil,
and sediment samples.

a) Water
The effluent standards for uranium isotopes are in 10 CFR 20, Appendix B, Table 2.

Isotope

Effluent Concentration (pJCi/mL)

234U

3 x 10-7

23sU

3 x 10"7

238U

3 x 107

One calculates relative activity abundances for DU from the known specific activities of uranium
isotopes and their assumed relative mass abundances. Because the relative mass abundances vary
among DU samples, relative activity abundances for DU, which depend on the sample, will also vary,
usually between 83 percent and 90 percent for 238U. The values we use here are typical.

Calculation of Public Dose

U-238/U-234 activity ratio for NatU/DU mixture
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The concentration values given in the above table for water effluents are equivalent to the
radionuclide concentrations that, if inhaled or ingested continuously over the course of a year,
would produce a total effective dose equivalent of 0.05 remn (50 rmillirem).
Since the effluent concentration is the same for all three radionuclides in depleted uranium, the
effluent standard for DU is also 3 x 10-7 ipCi/mL.

b) Soil and Sediment
The NRC does not have a standard in 10 CFR 20 for concentrations of radionuclides in soil.
However, Table B.2 in NUREG-1757 provides screening "values that represent surficial surface
soil concentrations of individual radionuclides that would be deemed in compliance with the 25
mrem/y unrestricted release dose limit in 10 CFR 20.1402. NUREG-1757 says, "The licensee may
adopt these screening DCGLs without additional dose modeling, if the site is suitable for
screening analysis."
The screening values for 234U, 235U, and 238U are 13 pCi/g, 8.0 pCi/g, and 14 pCi/g, respectively.
Using the assumed relative activity abundances of the three uranium isotopes in DU, the
screening value for DU is (0.114 x 13 pCi/g) + (0.011 x 8 pCi/g) + (0.875 x 14 pCi/g) =14 pCi
DgU/g.
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4. Calculations
From the previous section, we can produce the following table.
Sample Type
Water
Soil
Sediment

NRC Standard for DU
3 x 10-7 IJCi/mL
14 pCi/g
14 pCi/g

Corresponding Annual Dose (mrem)
50
25
25

The NRC considers that a 238U/234U activity ratio of three or greater is a positive indication that the
sample contains DU. When we determine such a ratio for a sample, we will estimate a dose to the
public as follows.
If the laboratory provides the total uranium concentration in the sample, we will use that value.
Otherwise, add the laboratory-reported concentrations for the three uranium isotopes to produce a
total uranium concentration. Use the figure above to estimate the portion of uranium in the sample
that might be DU from the ratio of the 238U/23 4U concentrations. For example, a ratio of four implies
that the uranium in the sample is about 45 percent DU. Use the percentage for the DU in the sample to
estimate the concentration of DU in the sample. That is, multiply the total uranium concentration by
the percentage determined from the figure.
Divide the concentration of DU in the sample by the corresponding NRC standard in the above table,
being careful to use the same units as those in the table for both values. Multiply that result by the
corresponding annual dose to estimate the annual dose that someone might receive if exposed to that
DU concentration for a year.
If a previous sample taken at the same location does not indicate the presence of DU, then we may
prorate the estimated dose. For example, if a sample taken three months earlier did not indicate the
presence of DU, then we could prorate the estimated annual dose by dividing it by four.

5. Notification to the NRC
The License Radiation Safety Officer will include the above estimated dose, along with how he estimated
it, in his notification to the NRC that the 238U/234U ratio for a sample exceeded three. The NRC requires
this notification within thirty days.

6. How the Army Addresses ALARA 2 with Respect to the Public Dose
Limit
The Army's Radiation Safety Plan for M101 DU on its ranges includes control measures to maintain
doses ALARA. These measures include controlled access to Radiation Control Areas (RCAs) and
monitoring of personnel as the exit RCAs.

2 ALARA

(acronym for "as low as is reasonably achievable") means making every reasonable effort to

maintain exposures to radiation as far below the dose limits in this part as is practical consistent with the
purpose for which the licensed activity is undertaken, taking into account the state of technology, the
economics of improvements in relation to state of technology, the economics of improvements in relation
to benefits to the public health and safety, and other societal and socioeconomic considerations, and in
relation to utilization of nuclear energy and licensed materials in the public interest.
Page 3 of 3

