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ATTN: Document Control Desk
Deputy Director, Decommissioning and Uranium Recovery Licensing Directorate
Division of Waste Management and Environmental Protection
Office of Federal and State Materials and Environmental Management Programs
Mailstop T8 F5
US Nuclear Regulatory Commission
Washington, DC 20555-0001
Dear Deputy Director:
Reference US Nuclear Regulatory Commission letter, August 31, 2015, subject:

Request for Additional Information

-

Technical Review of the U.S. Army's Application to

Amend the Source Materials License for Depleted Uranium from Davy Crockett M101

Munitions - (SUC-1 593, Docket No. 40-09083).
I enclose our response to referenced letter.
You may reach me at (210) 466-0368 or robert.n.cherry.civ@mail.mil.
Sincerely,

Robert N. Cherry
(
License Radiation Safety Officer
Enclosure
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ARMY RESPONSES TO DAVY CROCKETt AMENDMENT APPLICATION, DATE JUNE 1, 2015, SOURCE MATERIALS
LICENSE NO. SUC-1593 REQUEST FOR ADDITIONAL INFORMATION (RAl)

RAI: Programmatic Physical Security Plan
1. The U.S. Nuclear Regulatory Commission (NRC) staff
understands that the Physical Security Plan (PSP) is a
programmatic plan document that will apply to .each
Radiation Controlled Area (RCA) identified in the U.S.
Army Installation Management Command's (Army's)
application and that it is meant to be a stand-alone
document:

Army Response
Correct. We intend the PSP to be a stand-alone
document that describes, for NRC licensing purposes,
existing Army security requirements for all training ranges
and installations. These requirements proscribe security
measures that are already in place and include minimum
security measures for unexploded ordnance (UXO), small
arms fire, large vehicle movement, sensitive equipment,
and high explosives use on training ranges at any time, as
well as access control to the ranges and to the
installations. Therefore, the security measures the Army
currently employs for access to its installations and to its
training ranges are more than adequate for DU security
on those installations and ranges. The PSP does not
introduce any new security measures specifically for
-M101

DU on installations and training ranges. The

Radiation Safety Plan (RSP) specifically addresses
requirements for entry and exit from the RCAs. We
revised the PSP (attached) to state this explicitly.
a. Clarify whether any of the information provided in the
Army's completed NRC Form 313 and any of the other
attachments applies to the PSP. If so, how will the
information be used in association with the PSP?

Some duplication existed between the PSP and the RSP.
This is because some items in the RSP are directly
relevant to physical security, as the NRC also notes in
RAI 3b. We revised the PSP to eliminate such
duplication. The revised PSP now refers to the RSP
when necessary. This should address the NRC RIA and
will help assure that the PSP is concise and
comprehensive with minimum duplication.
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Army Response

b. Clarify why the training described in the PSP is not
reflected in the NRC Form 313.

We revised, the PSP to eliminate duplication with the
Radiation Safety Plan (RSP). Instead, the PSP will refer
to the RSP for this item, and so the NRC Form 313 will
reflect this item.

c. Clarify why the waste management requirements
identified in the PSP are not reflected in the NRC Form
313?

We revised, the PSP to eliminate duplication with the
-Radiation Safety Plan (RSP). The revised PSP now
refers to the RSP for this item, and so the NRC Form 313
will reflect this item.

2. In Section 1.0, Introduction, the Army states, "NRC will
be informed of any significant changes to the PSP, and if
appropriate, they will be approved before implementation:"

We replaced this text with, "The License Radiation Safety
Officer (RSO) will obtain NRC approval for all changes to
this PSP (other than correction of typographical or
grammatical errors) before implementation of those
changes."

a. Define what type of changes the Army considers
significant or define what significant means.

No longer necessary. See response to item 2.

b. Clarify when the NRC will be informed of significant
changes to the PSP.

No longer necessary. See response to item 2.

c. Clarify that NRC approval is needed for changes to
the PSP before implementation. Alternatively, define the
criteria or the types of changes not requiring NRC approval
for NRC review.

Clarified. See response to item 2.

3. In Section 1.2, Purpose, the Army states, "The purpose
of this PSP is~to address physical security issues involving
M101 spotting round DU in RCAs on IMCOM Ranges. The
goals are to protect the health and safety of Army
personnel and of members of the public; maintain security
of licensed material (DU); and meet all applicable Federal,
Department of Defense, and Army regulations:"

We revised this section to read, "The purpose of this PSP
is to describe physical security for MI01 spotting round
DU in RCAs on IMCOM ranges ..
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RAI: Programmatic Physical Security Plan
a. Define or clarify what are the physical security issues
that exist involving Mi0l spotting round DU in RCAs on
Army ranges. If there are no issues, then clearly define the
purpose of the PSP.

See response to item 3.

We removed the reference to "goals." See response to
b. Under a programmatic approach, the NRC
item 3.
anticipates that the Army will develop a PSP that
Regarding the applicable requirements of the 10 CFR 20
establishes the programmatic requirements, rather than
oie
a
sbatsersos
goals, which will aid in ensuring that the necessary
precautions will be taken to prevent the inadvertentsuprsersonetiemIa
exposure of workers, other personnel located on
installations, and members of the public to radiation in
excess of the limits established per Title 10.of the Code of
Federal Regulations (10 CFR) Part 20, "Standards for
Protection Against Radiation." Clarify the purpose of the
PSP as it relates to the Radiation Safety Plan (RSP) and
specifically, as it relates to the applicable requirements in

Subpart I - Storage of Control of Licensed Material,
Subpart J - Precautionary Procedures, Subpart K - Waste
Disposal, Subpart L - Records and Subpart M - Reports of
10 CFR Part 20.
c. Some of the topics in the PSP also appear in the
RSP. Identify any unique requirements that the Army
intends to implement to address physical security of
radioactive material in the PSP. If the Army intends to
address the same topics in its RSP, the Army should
ensure that the information between the two Plans is
consistent.

See response to item 1.

d. Provide sufficient detail in the PSP that fully describe
the Army's methodology for implementing the
programmatic PSP. The NRC anticipates that the Army

Detailed descriptions of physical security requirements
are in references listed in section 4.1 of the PSP. These
are the minimum security requirements that the US Army
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will follow the guidance provided in the enclosure to the
September 25, 2014 Meeting Summary (ADAMS
Accession No. ML14293A129) regarding the level of detail
needed for a programmatic approach to licensing. The
NRC anticipates that the Army will have programmatic
plans, such as a PSP, that clearly identify the applicable
regulatory requirements that must be met, identify its
commitment to the follow the requirements by the use of
"shall" or "will" statements, and identify its plans to
implement the programmatic plan through practices such
as using documented procedures and requiring the
appropriate personnel be trained to those procedures
before implementation.

Army Response
requires. They are applicable to all Army installations and
training ranges. Installations may adopt more restrictive
security measures for their installations and training
ranges in local SOPs and Post regulations. However,
existing DOD and Army regulatory requirements are more
than sufficient to M1 01 DU on Army ranges.
The revised PSP now refers to the applicable regulatory
requirements (10 CFR 20, §§ 1801-1 802) in section 1.1 of
the RSP.
See response to Item 1.

e. If specific elements (i.e., procedures, site-specific
checklists or plans, training programs, etc.) identified in the
PSP have not yet been developed, identify them, explain
their basis (i.e., methodology, criteria, rationale) and
provide a schedule (separate from the PSP) for their
development and implementation; for the NRC staff's
consideration regarding whether license conditions and
associated milestones will be needed as described in the
September 25, 2014, Meeting Summary (ADAMS
Accession No. ML14293A129).

All installation and garrison commanders develop and
implement physical security measures specific to their
installations as outline inF-sdc-tion 4 of the PSP and in
accordance with minimum--securit-y measures th-at Army
and DOD regulations proscribe. See response to item 1.
We do not intend the PSP or other part of the license
amendment application to add requirements for physical
security of M101 DU on Army ranges that are in addition
to existing DOD and Army regulatory requirements.
Existing requirements are more than sufficient to secure
Mi01 DU on Army ranges.

4. In Sectioni1.4, Applicability, the Army states, "The
requirements of this plan are applicable to all personnel,
including members of the public, who may seek access to
an RCA:"

We revised this section. In response to the RAI, we
emphasized that the license amendment application does
not add any new requirements for security of MiOI DU on
Army ranges. Existing DOD and Army regulatory
requirements are more than sufficient to secure MiOI DU
on Army ranges.
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Army Response

a. Clarify the term "visitor." It appears that the Army has
identified more than one type of visitor ("Visitor" is used in
Section 2.6 of the PSP and "one-time visitors" is used in
Section 9, and "official visitors" is used in Section 5.3)

We deleted these sections. The revised PSP no longer
refers to the term "visitor."

b. It is unclear what requirements are being referred to?
Clearly identify the applicable requirements that must be
met and who must meet them.

DoD and Army regulations referenced in Section 4.1
proscribe existing security requirements.

c. Clearly identify when the requirements apply.

See response to item 4. The regulatory requirements
apply to all Army .installations and ranges.

5. In Section 1.5, The Unexpected and the Unanticipated,
the Army states, "While all physical security contingencies
are intended to be addressed by this plan, something
unexpected or unanticipated may arise. If this occurs, the
Garrison RSO will promptly establish appropriate
procedures and then inform the License RSO. These
procedures will be documented by including them in this
plan or as an addendum to it."

We removed this provision from the PSP. See response
to item 4.

a. Clarify what is meant by "all physical security
contingencies" as related to the DU.

We removed this provision from the PSP. See response
to item 4.

b. Explain the specific types of changes that the Army
may need to make to the PSP.

We removed this provision from the PSP. See response
to item 4.

c. Explain how changes will be made. Since the PSP,
once approved, will become part of the license, clarify in
the PSP that any changes to the PSP will need NRC
approval before implementation or alternatively propose
criteria for changes that do not need NRC approval with
supporting rationale for NRC staff review.

We removed this provision from the PSP. See response
to item 4.
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6. In Section 2.3, License Radiation Safety Officer, the
Army states, "Regarding physical security of DU, the
License RSO will:" Provide necessary information on all
aspects of physical security to personnel at all levels of
responsibility, pursuant to Title 10, Code of Federal
Regulations (CFR), Parts 19 and 20, and any other
applicable regulations .... [and] "Conduct training programs
and otherwise instruct personnel in the proper procedures:"

Army Response
We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item l a.

a. For a PSP under a programmatic approach to
licensing, general statements, such as the ones above, are
unclear, not specific, and generally do not meet the intent
of the programmatic approach because the NRC staff
cannot independently evaluate them. Identify or reference
the applicable specific requirements that apply to physical
security at the RCAs containing DU.

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item 1la.

b. Identify the types of information the Army considers
"necessary" or clarify the statement.

we removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item la.

c. Explain what the training programs consist of, how
they will be maintained, and how they will be implemented.

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item Ia.

d. Clarify how the specific training topics identified in the
PSP relate to these training programs.
~proscribe

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
existing security requirements. Also, see
response to item Ia.

e. Identify the "proper procedures" or the types of

We removed this provision from the PSP. We reference

procedures that the Army will require be established for the

in Section 4.1 the DOD and Army regulations that
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physical security of DU to aid in the protection of health
and safety,
7. In Section 2.5, Personnel in the RCA, the Army states,
"Personnel entering the RCA will receive physical security
and DU awareness training (essentially on provisions of
this PSP applicable to them) from the Garrison RSO at a
level commensurate with their activities in the RCA as the
Garrison RSO determines and documents. Each person
who enters the RCA is responsible for strict adherence to
physical security rules and regulations:

Army Response
proscribe existing security requirements. Also, see
response to item Ia.
We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item Ia.

a. For a PSP under a programmatic approach to
licensing, general statements such as the ones above, are
unclear, not specific, and generally do not meet the intent
of the programmatic approach because the N RC staff
cannot independently evaluate them. Specifically, describe
the purpose, objective and content of the physical security
training and DU awareness training, how each type of
training differs for different activities in the RCA, when they
are conducted, how they are documented, and how the
Army will determine whether the training is effective.
b. The PSP identifies that there is different types of
training for different types of individuals. For example, the
PSP states that certain training is for "all personnel except
one-time visitors" and indicates that there is DU physical
security training for "nonphysical security personnel.
Clarify how each type of training differs for different types
of individuals and whether each type of training identified in
Section 2.5 differs from other training that is identified in
Section 9 of the PSP.

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item 1la.

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Safety
requirements pertaining to the RCA are in the RSP. Also,
see response to item Ia.
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Army Response

c. If there are other types of training for physical security
of DU, for each type of training, provide a response that
addresses the request in 7a.

We removed this provision from the PSP. We reference.
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item la.

d. Identify the "physical security rules and regulations";
when they apply (i.e., while in the RCA, when performing
activities in the RCA, etc.) and whether they will be part of
the training that the Army is requiring,

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. These
requirements apply to all Army installations and training
ranges. Also, see response to item 1la.

e. Explain what actions the Army will take to correct
noncompliance (for example, establish a corrective action
program or lessons learned program, conduct retraining,
corrective action reporting, etc.).

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Also, see
response to item la.

8. In Section 2.6, Visitors, the Army states, "All visitors to
the RCA are required to comply with the requirements of
this PSP. The Garrison RSO or his or her designee will
brief authorized visitors requiring entry to the RCA on the
presence of DU in the RCA. Visitors will be escorted at all
times in the RCA. Unauthorized visitors, and visitors not
meeting the specified qualifications, will not be permitted
within the RCA."
It is unclear what "specified qualifications" are. Clarify or
reference the qualifications that visitors must have.

We removed this provision from the PSP. We reference
in Section 4.1 the DOD and Army regulations that
proscribe existing security requirements. Safety
requirements pertaining to the RCA are in the RSP. Also,
see response to item la.

9. In Section 5, Radiation Controlled Areas, the Army
states "The St. Louis District of the US Army Corps of
Engineers performed the Archive Search Report (ASR)
Project from 2006 to 2011. 'The result was a report with
annexes for specific installations that described Army

The ASR project provides the basis for determining which
Army installations may contain M101 DU-affected areas
(and which installations do not). It also provides the
Army's best estimates about the physical location of these
areas. The total documentation of the ASR project
consists of several thousand pages.

•
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Army Response

efforts to identify Army ranges where the Army fired M1 01
Davy Crockett spotting rounds."
It appears that the Archive Search Report (ASR) is being
used a part of the technical basis for licensing. If so, it
should be submitted as part of the Army's application. As
indicated in the September 24, 2014, meeting summary
(ADAMS Accession No. ML14293A129), for the two DU
installations already licensed, the Army, in its license
amendment application, could reference the work already
approved in the license in its generic program plan
descriptions. However, the technical basis for the current
license only applies to the Hawaiian sites. Clarify how the
ASR applies to the programmatic PSP, and elsewhere in
the application.

Although we refer to the ASR project, we do not believe
that we need to include all of the ASR documentation by
reference into the license amendment application.
Instead, we have extracted ASR figures that explicitly
show the RCA locations, including coordinates
determined using the global positioning system. We also
use selected quotes from ASR documentation when
useful for licensing purposes.
We have previously provided the entire set of ASR
annexes to the NRC electronically for information
purposes. All of the ASR annexes we provided to the
NRC are releasable to the public and we can provide PDF
versions to anyone upon request.

10. In Section 5, Radiation Controlled Areas, the Army
states, "The Garrison RSO and License RSO will be
notified when M101 spotting round debris (or any other
previously unknown radioactive material) is found on
IMCOM Ranges. The sizes and locations of the RCAs will
be adjusted and the requirements of this PSP will be
extended accordingly:"

We removed this provision from the PSP. See response
to item la.

a. Clarify whether the NRC will be notified regarding
discovery of "unknown radioactive material" and proposed
changes to a RCA.

We removed this provision from the PSP. See response
to item la.
\,•..\

b. Clarify how the Army will ensure that if the size and
location of a RCA needs to be adjusted, changes to the
PSP will be updated and implemented upon NRC approval.
Alternatively, include proposed criteria for the types of
changes to the RCA that the Army believes do not need
NRC approval for NRC review.

We removed this provision from the PSP. See response
to item la.
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Army Response

11. In Section 4, Posting Requirements, the Army states,

"The Garrison RSO shall post "CAUTION

-

RADIOACTIVE

We removed this provision from the PSP. See response
to item la.

MATERIAL" signs at a sufficient number of locations
around the Radiation Control Area to ensure that
individuals entering the Radiation Control Area are aware
of the presence of DU."
10 CFR Part 20 posting requirements direct the use of a
radiation symbol in addition to specific words to make
individuals aware of potential radiation exposures and to
minimize the exposures. Clarify how the Army plans to
address all the applicable requirements of 10 CFR
20.1902.
12. In Section 4, Posting Requirements, the Army states, "We removed this provision from the PSP. See response
"The.Garrison RSO, in consultation with. explosive
to item l a.
ordnance disposal (EOD) personnel and the License RSO,
will determine whether it is more reasonable to pick up the
DU and hold it for appropriate disposal than it is to leave it
in place:"
a. For a PSP under a programmatic approach, general
statements, such as the one above, are unclear, not
specific, and generally do not meet the intent of the
programmatic approach because the NRC staff cannot
independently evaluate them. Specifically, identify the
types of information the Army would need or the criteria
and associated rationale for the criteria that the Army
proposes to use to make such a decision.

We removed this provision from the PSP. See response
to item la.

b. If the DU is left in place, clarify what types of
information will be documented? How will the information
be used with regard to RCA access training?

We removed this provision from the PSP. See response
to item 1la.

Page 10 of 36

Army Responses to Davy Crockett Amendment Application Source Materials License No. SUC-1 593 RAI
RAI: Programmatic Physical Security Plan

Army Response

13. Section 5, Access Control, the Army states, "This
section provides specific guidance for access to RCAs.
For convenience and reference purposes, it also provides
relevant excerpts (with minor edits to suit context) from US
Army regulations and official policy for control of access to
Army installations and ranges."

We removed this provision from the PSP. See response
to item la.

a. For a PSP under a programmatic approach, general
statements, such as the ones above, are unclear, not
specific, and generally do not meet the intent of the
programmatic approach because the NRC staff cannot
independently evaluate them. Clarify how the Army
regulations and official policy for control of access to Army
installations and ranges relate to access control with regard
to
a DCA.movement,
locted n

In accordance with Army and DOD regulations referenced
in Section 4.1, Installation and garrison commanders
control access to the installation and range control officers
control access to range complexes.
The regulations referenced in the PSP proscribe security
measures that are already in place and include minimum
security measures for UXO, small arms fire, large vehicle
sensitive equipment, and high explosives use
on training ranges at any time, as well as access control
to the range and the installation. Therefore, the security
measures the Army currently employs for access to its
installations and to its training ranges are more than
adequate for DU security on those installations and
ranges.
The License RSO and garrison RSO control access to the
RCAs in accordance with the RSP. To avoid duplication,
the PSP now refers to the RSP regarding RCA access.

b. Clarify the Army's methodology or criteria or process
the Army plans on requiring be used for access control of
the DU located in a RCA and describe how the Army plans
to implement it.

See response to items I a and 13a.

14. In Section 5.3, RCAs, the Army states "All RCAs are
within impact areas in Army training areas and range

We removed this provision from the PSP. See response
to item l a.
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facilities. Hence, the controls discussed in Section 5.2
apply to all RCAs as well."
Clarify if any of the "controls" serve to address the ALARA
requirement in 10 CFR Part 20. If so, provide an
explanation of how each control individually or collectively,
contributes to reducing or limiting exposure to the DU.
15. In Section 5.3, RCA, the Army states, "Personnel
otherwise qualified to enter the RCA will escort official
visitors." Clarify what is meant by the term "otherwise
qualified"?

Army Response

We removed this provision from the PSP. See response
to item Ila.

16. In Section 5.3, RCA, the Army states, "The Garrison
RSO will refer to the License RSO for additional guidance
as necessary."
For a PSP under a programmatic approach to licensing,
general statements, such as the one above, are unclear,
not specific, and generally do not meet the intent of the
programmatic approach because the NRC staff cannot
independently evaluate them. Explain the types of
conditions that could exist in which additional guidance
would be needed and identify the types of information that
would be provided.

We removed this provision from the PSP. See response
to item Ia.

17. In Section 6, Markings on Containers and Equipment,
the Army states, "Title 10 CFR Part 20, § 20.1904 requires
that all containers that contain more than 100 micro curies

We removed this provision from the PSP. See response
to item la.

of 23 8 U or of natural uranium be properly labeled with a

"CAUTION--RADIOACTIVE MATERIALS" sign or label.
The label will also provide information, such as the
radionuclides present (DU), an estimate of the quantity of
radioactivity, the date for which the activity is estimated,
radiation levels, and kinds of materials, to permit
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individuals handling or using the containers, or working in
the vicinity of the containers, to take precautions to avoid or
minimize exposures."
The above information appears to be a statement about the
regulation, rather than a commitment to comply or abide by
this regulation. Clarify how the Army intends to meet the
applicable requirements of 10 CFR 20.1904.

.Army Response

18. In Section 6, Markings on Containers and Equipment,
the Army states, "The only containers of M10I spotting
round DU on the installations should be containers of DU
held for disposal as radioactive waste.', And in Section 7,
Radioactive Waste, the Army describes in general terms
how certain aspects of the waste is to be handled:

We removed this provision from the PSP. See response
to item Ia.

a. Clarify how the Army intends to meet the applicable

We removed this provision from the PSP. See response

requirements in 10 CFR Part 20, Subpart I - Storage and
Control of Licensed Material, Subpart J - Precautionary
Procedures, Subpart K - Waste Disposal, Subpart L Records, and Subpart M - Reports (i.e., require

to item la.

procedures be used, etc.) that relate to disposal of the DU.
b. Identify the elements (i.e., processes, procedures,
checklists, site-specific directives, etc.), if any, besides the
PSP itself that the Army will require be used to implement
the DU disposal requirements identified in the PSP. For
those elements that are not yet developed, provide a
schedule (separate from the PSP) for their development
and implementation.

We removed this provision from the PSP. See response
to item l a.

19. Section 8, Program Audits, the Army states, "Each
Radiation Safety Program audit will include an assessment
of the effectiveness of this PSP. The License RSO or his
or her designee will review the physical security program

We removed this provision from the PSP. See response
to item la.
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content and implementation and document the results of
this review at least annually to ensure the following:"

Army Response

a. Clarify why the above requirement is not identified or
referenced in the RSP.

See response to item I a. We did not intend to imply that
the License RSO would audit the entire installation
physical security program. This is the responsibility of
other personnel qualified to do so, such as the installation
command and staff and military police officers. Rather,
the intention was that the License RSO would only audit
access to the RCAs in accordance with the RSP.

b. Identify the criteria that the Army will use to determine
whether a PSP is effective for a specific period of
performance.

See response to item 19a.

c. Considering that the PSP applies to all RCAs that
possess DU from the Davy Crockett M1 01 Spotting rounds,
clarify the scope of the assessment of the effectiveness of
the PSP? Will the assessment cover all RCAs that
possess DU from the Davy Crocket M10I Spotting Round
throughout the Command, each RCA, or several RCAs?

See response to item I19a. When the License RSO audits
license activities at an installation, his audit will cover all
RCAs at that installation.

d. Will the assessment of the effectiveness of the PSP
be documented?

Yes, but see response to item I19a. The documentation
will be in the report of the annual audit performed as
described in the RSP and will primarily be related to
access to the RCA.

e. Explain how the Army intends to use the results of
the assessment (i.e., incorporate the results in a lessons
learned program or corrective action program, share the
assessment among the RSOs, inform updates to the PSP,
etc.) .__________________.________

See response to item I 9a. The assessment is part of the
annual audit.
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20. Section 4.2 of the programmatic RSP provides a list of
unauthorized range activities. A list of authorized activities
expected to be conducted inside the RCA is required to
allow evaluation of the programmatic RSP and
Environmental Radiation Monitoring Plan (ERMP) to
ensure they are adequate to protect public health and
safety in accordance with the radiation protection
standards of 10 CFR 20. Therefore, provide a list of
authorized activities which would be permitted inside the
RCA.
21. The Army states the programmatic RSP submitted is
intended to be applied at all sites, which include the
previously licensed Hawaiian sites already licensed,
However, the programmatic RSP does not discuss of the
RSP exemptions for the Schofield Barracks Battle Area
Complex (BAX() which were previously described in section
4.4 of the "Radiation Safety Plan for US Army Garrison
Hawaii Ranges Affected by M101 Davy Crockett Spotting
Round Depleted Uranium" (MLI3242A281) and approved
by the NRC. In the programmatic RSP, the Army should
specify all proposed RCA areas, such as the BAX, which it
is requesting to be except from RSP requirements.
Provide justification for any areas which the Army is
requesting exceptions from any part of the RSP.
22. 10 CFR 40.32 requires the applicant to be qualified by
reason of training and experience to protect health and
minimize danger to life or property. The programmatic
RSP provides qualifications for the License and Garrison
Radiation Safety Officer (RSO). However, Section 11.1 of
the RSP states the Garrison RSO may designate a worker
to perform instrument scanning on personnel, vehicles,

Army Response
The revised RSP now includes Section 4.3, which lists
authorized activities. This same list appears in the current
Hawaii RSP, which the NRC previously approved. The
revised RSP will apply to all sites, including the RCAs in
Hawaii, and will supersede the current Hawaii RSP.
Therefore, we have also added Section 4.4 to the RSP,
which is specific only to the Hawaii RCAs.

See response to Item 20. We have added Sections 4.4
and 4.5 to the RSP in response to this RAI. The Army has
no plans for troop maneuver and training in any RCA,
except for the RCA that overlaps the Schofield Barracks
BAX.

*The US Army Garrison Hawaii RSO, Mr. Winston, on his
own initiative, prepared a quality SOP to address this very
item. We will prepare a similar SOP for all the installations
by adopting and adapting his SOP. We will change the
RSP to refer to this SOP in sections 11.1 and 23.
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f. Clarify what the "physical security program" is in
context of Source Materials License No. 1593; how does it
relate to the programmatic Physical Security Plan or PSP.

Army Response
See response to item 19a. However, to clarify, a program
is the result of implementing a plan. Thus, the
implementation of the RSP is the radiation safety
program.

g. Clarify what is a "Radiation Safety Program" in
context of Source Materials License No. 1593; how does it
relate to the programmatic Radiation Safety Plan or RSP?

See the response to item I19f.
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and equipment as they exit the RCA if the Garrison RSO is
confident the worker is able to do so in accordance with
the RSP when the Garrison RSO is unavailable. Provide
specific qualifications and/or training requirements which
will be used to determine if this worker would be able to
conduct these activities in accordance with the RSP.

Army Response

23. Attachment 2 to the application provides maps which
appear to define the RCA for all sites:

Noted

a. Provide a description of how the Army determined
the areas it expects contain residual DU from M10I11 Davy
Crockett spotting rounds. Provide a statement that all
areas identified by the Army are incorporated into RCAs
depicted in Attachment 2 maps or provide justification as
to why some areas were not incorporated,

We include as an attachment to this response a
description of how we determined which areas we believe
might contain residual DU from M1011I Davy Crockett
spotting rounds. The source for this information is the
ASR with its installation-specific annexes. We have
previously provided the ASR and the annexes for the 16
MIOI-affected installations to the NRC electronically. The
NRC has not posted them on ADAMS. The ASR and
relevant annexes consist of several thousand pages. We
chose to include only summary information in the
attachment to this document. The ASR and its annexes
for all Army installations under NRC jurisdiction are in the
public domain and available free from the Army
electronically upon request.

b. The current maps are not explicit as to what
boundary defines the RCA area. For example, the map for
Fort Carson provides 3 different impact areas which are
overlapping and it is uncertain as to which one represents
the RCA. Therefore, update the legends on all of the
maps to clearly define the RCA or provide a written
description for each map of what boundary is meant to
define the RCA.

The Fort Carson map to which this RAI refers is for the
"Titus and Sergeants Roads Target Zones/Impact Areas."
The author of the ASR was unable to determine the true
direction of fire for the demonstrations, but he was able to
show the probable center RCA and the RCAs
corresponding the maximum deflections left and right.
However, we did not include this map in the enclosure to
the amendment application, "Mi101 Impact Areas." This
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Army Response
specific RCA is the subject of a request in separate distinct
enclosure to the license amendment application. In that
enclosure, we ask the NRC not to include this RCA in the
license. The enclosure provides what we believe to be
sufficient justification for granting the request. The NRC
did not include an RAI item for this enclosure other than
item 23b, so we anticipate that the NRC will grant our
request. Should the NRC do so, the shape of this RCA
becomes moot because it no longer will be an RCA.

24. Provide clarity for the Fort Knox map as the legend
states the green box is the Fort Campbell impact area
boundary. Describe why the Fort Campbell boundary is
shown instead of Fort Knox.

The Fort Knox maps do not show a Fort Campbell
boundary, as we have discussed previously with NRCstaff. The legend contains a typographical error, which we
should have noted on or near the maps. We have
modified the enclosure to the amendment application,
"~M1 01 Impact Areas," to correct this error.
In this same document, which collects the maps of all the
RCAs, we updated a reference to Fort Greely to become
"Donnelly Training Area, Fort Wainwright." We also
included a correction to the map for Fort Lewis (aka Joint
Base Lewis-McChord). Only three of the four onekilometer squares are M101 impact areas.
We include the revised "M1 01 Impact Areas" with our RAI
_________________________________________responses
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Army Response

25. 10 CER 20.1501 requires each licensee to make or
cause to be made, surveys that are necessary for the
licensee to comply with regulations in 10 CFR Part 20 and
are reasonable under the circumstances to evaluate the
magnitude and extent of radiation levels; concentrations or
quantities of residual radioactivity; and the potential
radiological hazards of the radiation levels and residual
radioactivity detected. 10 CFR 20.1302 requires, in part,
each licensee make or cause to be made, surveys of
radioactive materials in effluents released to unrestricted
and controlled areas to demonstrate compliance with dose
limits for individual members of the public. Attachment 4 of
the application provides the Army's proposed
programmatic ERMP which would be used to create
ERMP for each of the Army's individual sites to ensure
compliance with these regulations. The NRC is requesting
the following additional information regarding the
programmatic ERMP:

Noted, especially the phrase, "reasonable under the
circumstances."

a. Section 3 of the programmatic ERMP states the site- We changed some of the text in Section 3 to address this
RAI item.
specific ERMP will include criteria for adjusting sampling,
such as increasing or reducing number of sample locations
or to increase or reduce sampling frequencies. Provide a
description of the criteria which would require samples to
increase. Additionally, provide a description of the criteria
which would allow for samples to decrease and when
samples would need to increase. Provide a statement that
the number of samples cannot be less than that described
in the programmatic ERMP or justification of how the
criteria would be used to ensure appropriate environmental
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Army Response

monitoring is conducted if the number of samples is
changed.
b. Section 3 states the site-specific ERMP will provide
a description of the physical environment of each RCA on
the installation. Describe what actions would be taken if a
RCA is determined to have a physical environment which
has less conservative environmental transport parameters
than that proposed in the RESRAD-bounding analyses.

We changed some of the text in Section 3 to address this
RAI item.

c. Section 5.f of the programmatic ERMP states
surface water which routinely flows from the RCA will be
sampled. However flow is not defined. Provide a
description of the minimum flow rate or conditions which
would be required to sample surface water and how the
site-specific flow rate or conditions will be determined.
Include a description of how surface water runoff will be
located at each site. Additionally, provide a description of
how sampling will be performed, including a description of
the number and types of samples which will be collected.

We changed some of the text in Section 5f to address this
RAI item.

d. Section 5.i of the programmatic ERMP proposes to
sample the existing wells potentially influenced by DU in
the RCA for uranium analysis whenever sampling is
performed for other purposes since, based on the costbenefit ratio, additionally sampling would be highly
unfavorable. Provide justification to not perform
systematic groundwater sampling to evaluate groundwater
DU contamination.

We changed some of the text in Section 5i to address this
RAI item.

e. Section 5.k of the programmatic ERMP proposes to
sample soil outside the RCA if an area of soil is greater
than 25 m2 has clearly eroded from the RCA. Provide

We changed some of the text in Section 5k to address this
RAI item.
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Army Response

description of how the Army will determine if soil has
eroded from the RCA, such as how often and the process
used to evaluate the site for erosion.
f. The programmatic ERMP proposes a sample plan
based on migration due to environmental factors.
However, no justification is provided to demonstrate that
human activities do not transport DU beyond the RCA.
Provide justification whether human activities at RCAs
influence transport of DU beyond the RCA and describe
whether or not the Army will also base the proposed
sample plan or develop a separate sample plan based on
migration of DU due to human activities.
g. Section 6 of the programmatic ERMP states the
Army proposes to identify samples with DU. However, the
programmatic ERMP does not describe the actions each
individual site or IMCOM would take if it identifies DU in its
samples. Provide a description of or a list of these actions,
including when and how the NRC would be notified if DU is
identified.

We added a new section 5w to the PAERMP.

Section 3 in the original PAERMP included instructions on
what to do if we detected DU in a sample from outside an
RCA. We added additional instructions in Section 3 of the
PAERMP.

h. The programmatic ERMP states a criterion in which a The NRC states in license condition 24, "When analytical

238UJ/ 235 UJ

concentration or activity ratio greater than 3 is

needed to identify presence of DU. Identify the conditions
or criteria that will require a statistical based trending
analysis to be conducted on a site-specific basis to verify

this ratio and how this ratio
necessary,

...

will be changed if

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." Hence, only the NRC,
not the Army, can change this ratio "if necessary."
We have added instructions in Section 3 on what to do if a
______________________________________sample result exceeds the ratio.
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i. The programmatic ERMP does not provide a
description of procedures which will be used to conduct

We have added additional instructions and a table about
how the License RSO will determine the ratio, its
uncertainty, and its confidence level.
We added additional text to Section 3 to address this RAI
item. The License RSO will provide "a description and

environmental sampling. Provide a description and

general list of requirements

general list of requirements which will be included in the
procedures which are necessary to ensure adequate
application of site specific ERMP, such as quality control
programs, sample identification, sample custody,
procedures describing how samples locations will be
determined and how samples will be collected for each
media, shipment, recordkeeping and radiochemical
analysis for both soil and liquid samples. If these
procedures are not yet developed, separate from the RSP,
provide a development and implementation schedule for
incorporation in a license condition.

adequate application of site-specific" ERMPs in the form of
an SOP that will be available before the NRC issues the
license amendment.

26. 10 CFR 20.1302 requires that licensees show
compliance with the annual dose limit in 10 CFR 20.1301
by demonstrating by measurement or calculation that the
total effective dose equivalent (TEDE) to the individual
likely to receive the highest dose from the licensed
operations does not exceed annual dose limit or
demonstrate the annual average concentration of
radioactive material released in gaseous and liquid
effluents at the boundary of the unrestricted area do not
exceed the values specified in Table 2 of Appendix B to
Part 20. The Army provided 4 arguments in attachment 8,
"Arguments against Air Sampling during HE Fire into
RCAs," to the application which provided calculations or

Noted
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justifications to demonstrate that an individual likely to
receive the highest dose from high explosives (HE) fired
into the radiation control areas (RCAs) would not receive a
TEDE in excess of the annual-dose limit. The Army states
in its Section 5.b of its proposed programmatic ERMP that
these arguments would justify that air sampling is not
required at any site. In the Army's first proposed argument
it provides a mathematical calculation to try to demonstrate
the 'annual average concentration of radioactive material
released in gaseous effluents at the boundary of the
unrestricted area would not likely exceed the values
specified in table 2 of appendix B to Part 20 during HE fire
into the RCAs in accordance with 10 CFR 20.1302(b)(2)(i).
The NRC is requesting the following additional information
to complete the NRC staff's evaluation of this calculation:
a. The current calculation provides the number of
rounds which would result in 10% of the maximum effluent

We have performed this calculation and attached it to this
document.

concentration for 2 38 U. However, 10OCFR 20.1302 requires
a calculation that the TEDE to the individual likelyto
receive the highest dose from the licensed operations does
not exceed the annual dose limit. Therefore, for use of this
argument to demonstrate compliance with this
requirement, the Army needs to rearrange this calculation
to calculate an expected maximum dose which an
individual would receive and not the number of rounds.
This would require an assumption regarding the number of
rounds which would have to be suspended in air and
blown away from the RCA. The Army would be required to
adequately justify this value, which could either be sitespecific for each site or bounding for all sites. If a
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bounding value is given, provide justification for how this
value bounds all sites.
b. This calculation assumes steady state for 50 years.
However, 10 CFR 20.1301 requires calculation based on
an annual dose. Modify equation to demonstrate annual
dose.

The new calculation is for one year.

c. This calculation has several assumptions used as
inputs which can have substantial impact on the results.
Therefore, provide justification that the assumptions made
for the purpose of the calculation are conservative and
bounding for each site. Justification is necessary for all
assumptions, including:
1) Average wind speed,
2) Size of cross section of air that is exiting the RCA,
including why a plume could not be smaller than 1000 m
wide and that the height would not exceed 5 m,

1) We looked up the average wind speed for all the M101affected ranges and provided them in a table. We used
smallest value iri our calculations because it leads to the
most conservative results.
2) We provided the justification.
3) We provided a brief discussion about the choice of
isotopic activity abundances in a footnote.
4) We intend our calculations to represent the DU air
concentration within and at the RCA boundaries. Site
boundaries are further away and the air concentrations

3) Relative activity abundance of 2 38 U in DU, and

would be even less that at the RCA.

4) Distance between the RCA and the site boundary
(where people are located)
d. Provide reference for given value for relative activity

abundance of

See response to item 33c.

238 U mass.

e. This calculation only considers dose from 238 U and
not dose from other uranium isotopes present in the DU.
Either incorporate dose from other uranium isotopes to
ensure compliance with 10 CFR 20.1301 or provide the
basis for their exclusion.

We changed the calculation to include all three uranium
isotopes and used the "sum of ratios" calculation.

27. License condition 22 requires the licensee to submit
an air sampling plan to the NRC prior to performing ground

Of the typical ",ground-disturbing" activities in an RCA, only
HE fire has the capability to aerosolize DU and suspend it
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disturbing activities. Section 3.4.1 of the NRC's safety
evaluation report (SER) (ML13259A081) describes the
basis for this license condition. The SER states that the
NRC staff concluded the Army would need to collect
additional air sampling during ground disturbing activities.
on the PTA and Schofield ranges to demonstrate that
residual DU from the MI01 Davy Crockett spotting rounds
are not hazardous to the personnel or public. In this
application, the arguments against air sampling discussed
in Attachment 13 focus on the DU concentrations in the air
resulting from only one type of ground disturbing activity,
aerosolization during HE fire. The NRC must evaluate the
Army's current amendment application against this license
condition applicable to the Hawaiian sites. The Army
should also provide its technical basis for not requiring air
sampling for the other ground disturbing activities which
are expected to occur in the RCAs to address this license
condition.

high into the air. We consider HE fire to bound all other
"ground-disturbing" activities in an RCA. We assert that
we have demonstrated that air sampling is not "reasonable
under"the circumstances." We note that the NRC does not
require air sampling at Jefferson Proving Ground (JPG),
which has more than ten times as much DU in one
location than the Army has at all eighteen locations. This
includes the period when the NRC allowed HE fire into the
DU impact area at JPG.

28. License Condition 23 requires the Army to submit a
plant sampling plan to the NRC. Section 3.4.5 of the SER
(ML13259A081) stated that the NRC Staff concluded the
Army would need to collect additional plant sampling on
the PTA and Schofield ranges to demonstrate that residual
DU from the MI01 Davy Crockett spotting rounds are not
hazardous to the personnel or public, especially during a
controlled burn. It appears this information was not
provided in this application. Therefore, provide either
additional plant sampling data or justification why plant
sampling is not necessary during activities such as
controlled burns at these specific ranges.

The PAERMP discusses plant sampling within an RCA
and concludes, "No conditions require deliberate collection
or sampling of plants within the RCA." We believe that
this conclusion applies to the item 28 situation as well for
the same reasons. Previous plant sampling in the RCA at
biased locations found DU only in the plants' root systems.
The root systems customarily do not burn during the
controlled burns. Finding DU in a sample taken at a
location known to be DU-contaminated should not be
surprising. The Army asserts that plant sampling within an
RCA is not "reasonable under the circumstances." The
Army again requests the NRC to delete this license
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29. 10 CFR 20.1101(d) requires, in part, that licensees
establish a constraint on air emissions such that an
individual member of the public likely to receive the highest
dose will not be expected to receive a TEDE in excess of
10 mrem per year from these emissions. Additionally, if
the licensee exceeds this dose constraint, the licensee
shall report the exceedance and promptly take appropriate
corrective actions to ensure against recurrence. In the
programmatic ERMP and the arguments against air
sampling, the Army provides calculations and models to
remove the requirement for all air sampling based on a
public dose limit of 100 mrem described 10 CFR 20.1301.
Provide an evaluation or justification that air emissions
from ground-disturbing activities and burns are not
expected to exceed the 10 mrem per year dose constraint
and what method the site will use to ensure this constraint
is not exceeded and how it will provide notification if it is.

condition for plant sampling and consider this particular
issue closed.
In the attached "Arguments against Air Sampling During
HE Fire into RCAs," we assume in the first argument 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.
The calculations then proceed to demonstrate that such
an assumption leads to highly unlikely conclusions. We
chose "ten percent of the maximum effluent
concentrations" because the NRC requires monitoring
when it is possible or probable that a licensee could
exceed more than ten percent of a standard. As the NRC
says elsewhere in this RAI, exposure to air at the effluent
standard averaged over a year would lead to a dose of 50
mrem. Hence, exposure to ten percent of the effluent
standard would lead to a dose of 5 mrem in a year. In this
way, the Army has provided "an evaluation or justification
that air emissions from ground-disturbing activities and
burns are not expected to exceed the 10 mrem per year
dose constraint." We also have provided RESRAD
calculations that show the maximum annual dose to
anyone is about 0.03 mrem under highly conservative
circumstances. We have a requirement in the PAERMP to
notify the NRC within 30 days if we detect DU in an
environmental sample. Detection of DU in an
environmental sample is a notification trigger at a much
lower level than 10 mrem in a year. We believe that we
have provided sufficient information to meet the
requirements of 10 CFR 20.1101(d).
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30. 10 CER 20.1301 (a) requires a licensee to conduct
We prepared an SOP to address this RAI item. The title of
the SOP is "Calculation of Public Dose" and we have
operations to ensure the TEDE to individual members of
attached to this response. We will mention it in the RSP
the public from licensed operations does not exceed 100
mrem in a year, plus ALARA, exclusive of the dose
and include it there in the list of required SOPs.
contributions from background radiation, from any
administration the individual has received, from exposure
to individuals administered radioactive material and
released under 10 CFR 35.75, from voluntary participation
in medical research programs, and from the licensee's
disposal of radioactive material into sanitary sewerage in
accordance with 10 CFR 20.2003. The application
provides evaluations to not require environmental sampling
from specific media as dose from that media is not
expected to exceed public dose limits. However, the
application does not provide an example model or
calculation which individual sites will use to ensure that the
total dose from all pathways did not exceed this limit on an
annual basis. Therefore, provide a model or calculationwhich 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. Identify the conditions, if any, which would warrant
the establishment of an environmental surveillance
program to periodically confirm that the public dose limit
has not been exceeded.
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We took this approach because in almost all cases site-specific
31. The Army's application (submittal) provides a
parameter values are not available for input to site-specific
bounding dose assessment using RESRAD and a
exposure scenarios. Presumably, such values are obtainable,
combination of default and modified parameter
but the Army generally does not have the staff expertise
values to calculate an overly conservative dose. By
incorporating conservative parameter values, the
available at the garrison level to obtain this information. The
Army would have to employ contractors to obtain site-specific
Army proposes that this approach, when
incorporated into the programmatic approach being
parameter values. However, it would not be possible to go
proposed, will result in a dose that is conservative for through the contracting process and meet the timetable the NRC
all of the sites being considered in this license
has provided.
amendment and is in compliance with the annual
Also, see Section 2 of "Programmatic Approach for Preparation
dose limit in 10 CFR 20.1301. This approach differs of Site-Specific Environmental Radiation Monitoring Plans"
from the typical dose assessment approach, which
(PAERMP) entitled "Risk Assessment." We do not want to
utilizes site-specific exposure scenarios and
overemphasize UXO risks on most if not all ranges that include
parameter values, whenever possible, to assess the
our M101 impact areas. However, although these risks might be
dose for specific sites.
manageable, we cannot ignore them. The value of new siteAlthough the submittal provides the basis for the
specific data (soil types, thickness of various strata, depth to
parameter values used in the RESRAD analyses for groundwater, directions of underground water flow, and so on)
this programmatic approach, no details are provided
should outweigh risks involved in obtaining those data.
that show that the selected values incorporate the
We were aware of the shortcomings that the NRC has pointed
characteristics of the sites being considered for
out and tried to address them in the PAERMP in the design of
inclusion on this license. Provide documentation to
site-specific ERMPs:
show that the parameter values associated with the
1. Section 2: "The 'potential gain to be achieved' by
RESRAD analyses used for this programmatic
collection of environmental radiation samples in a UXO
review incorporate the range of values for the
area ... is minimal."
specific sites being considered in this review. This
2. Section 3: "Each garrison ... will produce a site-specific
documentation can include site-specific values for
ERMP ... The ERMP will show the distance and direction
the individual sites or data from nearby sites that can
to the nearest normally occupied areas (for example,
provide some technical basis that the values
residential areas, commercial areas, and business areas)
incorporated into the programmatic RESRAD
for each RCA at that installation. The ERMP will provide
analyses either accurately describe the site or are
a description/narrative of the physical environment of
conservative and bound the site.
each RCA on that installation."
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That is:
1. We must apply our risk assessment process as outlined
in Section 2 of the PAERMP to determine whether to
enter a range and obtain new data. Our RESRAD
calculations indicate that the greatest annual dose to a
subsistence farmer for a large range of environmental
parameters is no more than about 0.03 mrem. As you
know, the NRC annual dose limit is 100 mrem and the
average US annual dose from background is about 310
mrem. We cannot imagine a reasonable set of
environmental parameters that would increase 0.03 mrem
to even 1 mrem, much less than to 100 mrem. That is
why we consider any "potential gain" to be "minimal."
2. The site-specific ERMPs that the garrisons will prepare
will list the environmental parameters that they either
know or can derive from tables in the RESRAD user's
manual for various soil types. NRC inspectors and we
will evaluate those site-specific ERMPs to determine
whether new parameters might also be useful. Ifwe find
any, then we would go through the risk assessment
process to determine whether we should attempt to
obtain them.
To specifically address NRC concerns in this RAI item, we have
added an appendix to the PAERMP that lists all the RESRAD
environmental parameters and changed part of Section 3 of the
PAERMP (see attachment) to read:
"The site-specific ERMP will provide a description and
narrative of the physical environment of each RCA on that
installation. In particular, the site-specific ERMP will list,
as many as possible, of the known or estimated site____________________________________specific parameters thatRESRAD uses._SeeAppendix A
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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. The garrison should refer to relevant
CRAP reports for its M1 01 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 in the site-specific
ERM Ps."
We believe that this will address this NRC RAI in the long term,
if not in the short term, in that we would have results of sitespecific RESRAD calculations available.

32. The arguments against air sampling discussed
We provide the following technical basis for exclusion.
in Attachment 13 focus on the DU concentrations in
As we pointed out in Attachment 13, the use of HE munitions in
the air resulting from aerosolization during HE fire.
training, for example, artillery training and mortar training, is not
The exposures and corresponding dose calculations continuous or sustainable for long periods. Soldiers move on to
are based on models that consider these events to
other training topics or back to the barracks, HE fire during
occur at regular time intervals and last for short
training is sporadic, artillery tubes overheat, training does not
periods of time, resulting in multiple acute
occur on holidays and most weekends, and so on. Therefore,
exposures. Longer-term events that would lead to
the total time that HE fire actually occurs on a range is a small
longer term acute exposures, such as unplanned
percentage of a calendar year.
range fires, and their impacts do not appear to have
Unplanned range fires occur, especially on ranges in the
been considered as part of the Army's assessment
western states and at Schofield Barracks. These can burn for
of te ar
rogam.
smplng rovde decritio orseveral hours or for several days. See attachments for articles
summry
ipacs
f tefom lng-ermDU elesesabout Army range fires. However, range fires historically have
or asi
te tchnial
forther exlusonnot
burned more than a few weeks total in a single calendar
year. Thus, the annual (over 52 weeks) average concentration
in air for whatever DU might be suspended due to a range fire
will be no more than roughly five percent of the DU
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could provide a better response to the NRC's expressed
concerns. The Army asserts that such efforts are not
reasonable (see response to item 25) given numerous
demonstrations that DU concentrations in air, whatever they are
when averaged over a year, during all ground disturbing
activities must be much less than NRC effluent standards for
uranium.

33. The third proposed argument against air
sampling provides a discussion of a study (the
Morrow report) that uses site-specific modeling to
evaluate the potential impacts from the
aerosolization of MI01 rounds at the Pohakuloa
Training Area (PTA) in Hawaii. The highly
conservative scenario used in the study resulted in
an average DU activity concentration in the air that
marginally exceeds the NRC effluent standard while
more realistic scenarios resulted in DU activity
concentrations in the air that were less than the NRC
effluent standard.
Additional information on this study can also be
found in the summary report "Potential Air Quality
Impacts of Aerosolizing M-101 Spotter Rounds at
Pohakuloa Training Area" (2008), which has not
been docketed, and "Estimating Public Exposure to
Airborne Depleted Uranium Outside the U.S. Army
Pohakuloa Training Area, Hawaii," a report
presented at the Air & Waste Management
Association conference in 2011:
a. Ifthe Army is using these reports as part of its
technical basis for licensing the RCAs, it should
provide these reports as part of its submittal for

Noted

We have attached, for docketing, Morrow's 2008 monograph,
"Potential Air Quality Impacts of Aerosolizing M-101 Spotter
Rounds at Pohakuloa Training Area," and Morrow's 2011
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•concentration in air, if any, during the fire (about two to three
weeks in worst case).
The Army tested for DU concentration in air during a controlled
range burn at Schofield Barracks in 2007. A conclusion in the
•report of that test stated, "No evidence of DU was found in air
particulates generated during prescribed burns at Schofield
Barracks: No significant inhalation dose from airborne uranium
was identified based on results of air monitoring performed
during the prescribed burns." 1 However, because of large
uncertainties, the NRC was critical of this conclusion in its SER 2
and still required air sampling at Schofield Barracks in license
condition 22. The Army counters that even with large
uncertainties and perhaps less-than-optimal filter papers, the
data and minimum detectable concentrations are sufficient to
show we detected no uranium, depleted o)r otherwise, at
concentrations that were even a few percent of NRC effluent
limits. The equipment, testing protocols, and laboratory
techniques were more than capable of detecting that much
uranium in air.
Even if the Army stipulated that DU concentration in air during a
range burn was ten percent of the NRC effluent limits for
uranium (which demonstrably it is not), five percent (averaging
over a year, see above) of that ten percent is only 0.5 percent of
the effluent limit. The true DU concentration in air during range
fires or other ground disturbing activities likely is one or more
orders of magnitude less than that. Only extensive air sampling
____________________________________during sustained range fires or during massive HE bombardment

1 Technical Memorandum, "Schofield Barracks Firing Range Monitoring of Air Quality during Burning of Vegetation," Cabrera Services, Las

Vegas, April 2008 [ADAMS accession number ML091 170320].
2 "Safety Evaluation Report for the U.S. Army's Possession License for Depleted Uranium from the M1 01 Spotting Round," USNRC, Washington,
October 2013 [ADAMS accession number ML13259A081]
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(6) EPA's recommended model AERMOD (40 CFR
50, Appendix W) was employed to produce the DU
concentration estimates.
b. The conclusions made in Argument 3, which
The highly conservative scenario that Dr. Morrow used in his
are discussed in the Morrow report, are based on the 2008 paper does not occur at any of our MI01-affected
data and results from the site-specific modeling of
installations.
potential air quality impacts associated with
Dr. Morrow provided the following comment for inclusion in our
exploded M101 rounds at PTA. Provide a technical
response:
basis demonstrating that the data and conclusions
The very conservative 2008 screening analysis with
made in this study would apply to or bound the otherinuso10-udpehuraooiainlwid
sites being considered for inclusion in the license,
speeds, and very stable atmospheric conditions resulting
The Army's technical basis should include how the
in very low DU concentrations suggests that it is highly
use f te PA ste-pecficdat,
te nmbe ofunlikely
.that conditions at any other installation would
rounds being considered, and the size of the specific
result in DU concentrations exceeding NRC's effluent
RCA area being evaluated are bounding of all the
standard.
sites.
c. The conclusions in the argument, which are
based on the findings in the Morrow report, are
based ona comparison of the activity content of U-

An example reference could be Radiological Conditions in Areas
of Kuwait with Residues of Depleted Uranium, Vienna :
International Atomic Energy Agency, 2003, which explicitly says

238 in DU at PTA and the NRC effluent standard for

"87.5%." However, one can calculate the

U-238 in air. For this study, the activity content of U238 is calculated by multiplying the average DU
activity concentration by 0.875. Provide a reference

abundance from basic principles if one makes certain
assumptions about the uranium isotopic mass abundances in
depleted uranium, which obviously can vary from lot to lot. One

or the technical basis for the use of 0.875 (i.e., "

could also back-calculate the

87.5%) for determining the percentage of U-238
activity i~n DU.

2 38

U

238

U

activity

activity abundance from the

NRC's declaration in footnote 3 to Appendix B of 10 CFR 20 that
says, "The specific activity for other mixtures of U-238, U-235,
and U-234, if not known, shall be [3.6 x 10-7 Ci/g for depleted
uranium]." The University of Ottawa touts "83.7%" in a web
____________________________________article on depleted uranium. 3 Again, certain assumptions are

3 http://www. uottawa.calserviceslehsslDepletedU ranium htmnl
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docketing. A discussion should also be provided
that documents the history of the study from prior to
2008 up to and including the conference paper
presented in 2011, including what changes and
updates to the study were made. If possible, the
Army should also provide the entire report from
which the 2008 summary was developed.•

Army Response
presentation, "Estimating Public Exposure to Airborne Depleted
Uranium Outside the U.S. Army Pohakuloa Training Area,
Hawaii."
Dr. Morrow provided the following comments for inclusion in our
response:
The 2008 study had been preceded by an unrelated air
monitoring program to assess airborne particulate matter
arising from Army activities at PTA. Meteorological data
were collected along with the particulate matter sampling
_and those meteorological data were used in the 2008 DU
modeling analysis. The 2008 paper was an independent
modeling analysis resulting from the author's interest in
the potential public health impacts of DU residue at PTA.
The docketed paper represents the entire report, not a
summary. Input data used in the modeling can be
provided.
The 2011 study differed from the very conservative 2008
screening analysis in that
(1) all hours of the day were considered for M101
aerosolization,
(2) actual and estimated maximum number of M101
rounds shipped to Hawaii were considered,
(3) all four ranges with evidence of Davy Crockett use
were considered,
•(4) onsite meteorological data were augmented with
upper air data from the Hilo Airport and processed
with EPA's meteorological processor AERMET,
(5) USGS terrain data were processed with EPA's
AERMAP processor, and
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necessary to produce that value. A value that the2 NRC
has
38

accepted previously for the activity abundance of

U

in

depleted uranium is 90.1 percent. It appears in Table 3.1.1 of
NUREG-1 717, "Systematic Radiologic Assessment of
Exemptions for Source and Byproduct Materials," June 2001. A
footnote that qualifies this value says, "Activity abundances for
isotopes in depleted uranium are based on assumed mass
abundances and known half-lives." With numerous other
uncertainties involved when using a chosen activity abundance
of

2 38

U

in subsequent calculations, the differences between 87.5

percent, 83.7 percent, and 90.1 percent are inconsequential.
We note the following:
* 87.5 percent is close to splitting the difference between
83.7 percent and 90.1 percent
* We have used 87.5 percent for our RESRAD calculations
(in addition to our discussion on the Morrow report)
* Changing all those calculations would be tedious without
a noticeable effect on the RESRAD results
Hence, we prefer to make no changes in response to this RAI item
other than add a footnote.
d. In addition, there appears to be no
consideration for the contributions from the other
components of DU, including U-234 and U-235.
Either incorporate the other isotopes into the
analysis or provide the basis for their exclusion.
Also, the comparison is with the NRC effluent
standard for U-238 and not DU but the Conclusion is

We changed the discussion to use the NRC's DU specific
activity of 3.6 x 10-7 Ci/g consistently throughout the document
(see response to item 33c). Accordingly, we have attached the
revised "Arguments against Air Sampling During HE Fire into
RCAs." We also modified the figure in that document to use the
23

8UJ/ 2 34 UJ

ratio of 0.875/0.114

=

7.68 and changed related text

accordingly. 4

4Our choices for the relative activity abundances of uranium isotopes in DU may not be compatible with the NRC's given specific activity for DU.
We could not~find the relative activity abundances that the NRC may have used to determine that specific, activity. We would be pleased to modify
our documents should the NRC make their choices for relative activity abundances available to us.
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that the "highly conservative scenario produces an
average DU activity concentration in air that
marginally exceeds the NRC effluent standard for

We provide the results of similar calculations for 234 U and 235 U in
a footnote.
We have changed "DU" to "238 U" in all appropriate places.

Army Response

DU in air." Demonstrate how a comparison of U-238

The new footnote and the changes from "DU" to

values can be used to make a conclusion regarding
DU.

the need for the demonstration. One may consider each isotope
separately and reach the same conclusion for each isotope.

"2 38 U"

obviate

Hence, the conclusion applies for DU itself. We added text to
the argument to clarify this.
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1 Introduction

This Physical Security Plan (PSP) is applicable at US Army Installation Management
Command (IMCOM) ranges that Davy Crockett MIO1 spotting rounds may have
affected. The MI01 spotting round contains depleted uranium (DU). The Army controls
these affected areas (called radiation control/areasor RCAs) for radiation safety
purposes.
This PSP references, for Nuclear Regulatory Commission (NRC) licensing purposes,
existing Army security measures for Army training ranges and installations that are in
existing regulations (see section 4.1 below). This PSP does not discuss these
measures in detail.
This PSP does not introduce any new security measures specifically for M101 DU on
installations and training ranges.
The License Radiation Safety Officer (RSO) will obtain NRC approval for all changes to
this PSP (other than correction of typographical or grammatical errors) before
implementation of those changes.

1.1 Background
See section 1.1 in the Radiation Safety Plan (RSP).

1.2 Purpose
The purpose of this PSP is to describe physical security for M1 01 spotting round DU in
RCAs on IMCOM ranges, in accordance with Title 10, Code of Federal Regulations
(CFR), Part 20, § 20.1802, "Control of material not in storage."'1

1.3 Applicability
The physical security requirements referenced in this PSP applicable to all personnel,
including members of the public, who may seek access to an RCA.

SThe RSP addresses handling, storage, and security of DU removed from IMCOM ranges, in accordance
with 10 CFR 20, § 20.1801, "Security of stored material."
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2 Physical Security Organization and Responsibilities for
M101 Spotting Round DU
2.1i US Army Installation Management Command Commander
See section 2.1.1 of the RSP.

2.2 Garrison Commander
See section 2.2 of the RSP.

2.3 License Radiation Safety officer
see section 2.3.2 of the RSP.

2.4 US Army GarrisonRSO
,See section 2.4.2 of the RSP.

2.5 Personnel in the RCA
See section 2.5.2 of the RSP.

2.6 Visitors
See section 2.6 of the RSP.
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3 Radiation Control Areas

The St. Louis District of the US Army Corps of Engineers executed the Archive Search

Report (ASR) Project from 2006 to 2011.*2 The result was a report with annexes for
specific installations that described Army efforts to identify Army ranges where the Army
fired MI01 Davy Crockett spotting rounds. The typical Davy Crockett range impact area

is a one-kilometer (kin) square, area

=

1 km2

=

1,000,000 m2

247 acres.

The Army and the NRC consider RCAs to be any MIQI DU-affected areas identified in
ASR annexes. Figures included with the license amendment application to the NRC
show locations of all the RCAs that the ASR Project identified.

2 USACE St Louis. ProjectArchive Search Report: Use of Cartridge, 20mam Spotting MIOI. St Louis,

Missouri: US Army Corps of Engineers, St Louis District, 2011.
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4 Access Control
4.1 References

-

The following are primary references governing access control to Army installations and
ranges. All are available to the NRC and the public on Army websites, except Army
Regulation (AR) 190-13, which is FOR OFFICIAL USE ONLY (FOUO) and which will
provided to the NRC upon request.
*
*
*
*
*

AR 190-13, The Army Physical Security Program (FOUO)
AR 190-16, Physical Security
AR 385-63, Range Safety
Department of the Army Pamphlet (DA PAM) 385-63, Range Safety
Directive-Type Memorandum (DTM) 09-012, "Interim Policy Guidance for [DOD]
Physical Access Control" (Under Secretary of Defense)

4.2 Some Pertinent Extracts from the References
4.2.1 AR 190-13
(Paragraph 1-1 Purpose) This regulation prescribes policy and assigns responsibility
for developing, executing, and maintaining practical, economical, and effective physical
security programs.
4.2.2 AR 190-16
(Chapter 1 Introduction, 1-1 Purpose) a. This regulation provides realistic guidance
and prescribes uniform physical security policies and procedures for installation access

control

...

on Department of Defense

...

installations...

(1-4 Responsibilities, c Installation or activity heads) (1) Commanders, directors,

supervisors, and officers in charge

...

will protect personnel and property in their

commands against trespass, terrorism, sabotage, theft, arson, and other illegal acts.
(Chapter 2 Installation Access Control, paragraph 2-1 Controlled entry and exit) This
chapter prescribes general policies for controlling entry into and exit from military
installations. Access control is an integral part of the installation physical security
program. Each installation must clearly define the access control measures (tailored to
local conditions) required to safeguard the installation and ensure accomplishment of its
mission.
(2-2 Policy) Installation commanders will develop, set up, and maintain policies and
procedures to control installation access.
(2--4 Restricted access plan) a. Each installation commander will develop a plan for
increasing vigilance and restricting installation access as events require.
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4.2.3 AR 385-63
(Chapter 1 Introduction, Section II Responsibilities, 1-9 Installation and unit-level range
safety programs, c. Installation range control officer) The installation range control

officer [(RCO)] will

...

(6) [approve], control, and monitor personnel access into the

installation [range and training area (RTA)] complex for both training and administrative
activities. All visitors to RTAS will be approved by the RCO ...
(Glossary, Section IITerms)
Range [when] used in a geographic sense, means a designated land or water
area that is set aside, managed, and used for range activities of the [Department

of Defense (DOD)]. Such term includes

...

[firing] lines and positions, maneuver

areas, firing lanes, test pads, detonation pads, impact areas, electronic scoring
sites, buffer zones with restricted access, and exclusionary areas.
Range activities [include] [research], development, testing, and evaluation of
military munitions., other ordnance, and weapon systems [and the] training of
members of the armed forces in the use and handling of military munitions, other
ordnance, and weapon systems.
.
..
4.2.4 DA PAM 385-63
(Chapter 1 Introduction, 1-1 Purpose) This pamphlet provides minimum requirements
for the U.S. Army ... Range Safety [Program] prescribed in [AR] 385-63 ..
(Chapter 2 Ranges, 2-1 Restricting access to and activities on impact areas)
a. Unauthorized persons are prohibited from entering the installation training

complex.

....

b. Unauthorized persons are prohibited from entering impact areas and other
areas known or suspected to contain [UXO] by use of positive controls to include
fencing and/or posting of UXO hazard warning signs. Commanders will ensure
appropriate measures are used to restrict access to areas known or suspected to
contain UXO...

j. Unauthorized personnel are prohibited from handling UXO and munitions or
removing them from the training complex...
4.2.5 DTM 09-012

It is [DOD] policy that

...

[installation access] control standards shall include identity

proofing, vetting to determine the fitness of an individual requesting and/or requiring
access to installations, and issuance of local access credentials.
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4.3 Access to Radiation Control Areas
See section 15 of the RSP
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5 Aspects of Physical Security Addressed in the Radiation
Safety Plan
5.1 PrecautionaryProcedures
5.1.1 Posting Requirements
See section 14 of the RSP.

5.1.2 Markings on Containers and Equipment
See section 16 of the RSP.

5.2 Security of Stored Materialand Waste Disposal
See section 18 of the RSP.

5.3 ProgramAudits
See section 19 of the RSP

5.4 Training
See section 20 of the RsP.

5.5 Recordkeeping
See section 21 of the RSP.
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1 Introduction
This Radiation Safety Plan (RSP) is for use when personnel enter, work in, and leave
•areas on IMCOM ranges that Davy Crockett MIO1 spotting rounds may have affected
(Figure 1-1). This RSP provides guidance and instructions to help assure compliance
with US Nuclear Regulatory Commission (NRC) regulations and license conditions.
The MI01 spotting round contains depleted uranium (DU). The License Radiation
Safety Officer (RSO) controls the affected areas as radiation control areas (RCAs) 1 for
radiation safety purposes. See Section 3.
The License RSO can make changes to this RSP only with prior NRC approval, except
thlat the License RSO may correct minor typographical and grammatical errors.

1.1 Background
Depleted uranium is a byproduct of uranium enrichment, part of the process of
manufacturing fuel for nuclear power plants. When uranium is enriched in the fissile 2

uranium-235 (23 5U) isotope, the leftover uranium is depleted in 2 35 U. 3 DU is useful in

certain commercial and military applications because of its high density, which is about
twice the density of lead. ft is slightly radioactive, but it also poses some chemical
toxicity danger to the kidneys if ingested in sufficient quantities, for example, by inhaling
DU-laden dust or drinking DU-contaminated water.
The M101 spotting round was a 20-millimeter 10w-speed projectile, weighing
approximately one pound 4 that the Army used as part of the M28 Davy Crockett weapon
system from 1960 to 1968. The M28 Davy Crockett weapon system was classified to
some extent in the 1960s, and early records of its use were guarded.
In 2005, the Army discovered tail assemblies from the M101 spotting round during
range clearance before construction of a Battle Area Complex at the Schofield Barracks
training range in Hawaii. The Army then began investigating various sites where the
M101 spotting round may have been used. Characterization studies have determined
that NRC-licensable quantities of DU in the form of M101 fragments exist at several
IMCOM sites. 5

SThe Army's intends that an RCA is the same as what the NRC calls a "restricted area." Title 10 CER
Part 20, §20.1003 defines "restricted area" as an area, access to which is limited by the licensee for the
purpose of protecting individuals against undue risks from exposure to radiation and radioactive
materials.
2 A fissile nuclide is a nuclide that is capable of undergoing fission after capturing low-energy thermal
(slow) neutrons. This definition excludes natural uranium and DU that have not been irradiated or have
only been irradiated in thermal reactors.
3 Uranium-234 (234U) is enriched or depleted as well in enriched uranium and DU, respectively, but it is
not fissile.

4 The DUI content in a single M101 spotting round was 0.190 kilogram.

s These sites are on training ranges at Schofield Barracks/Pohakuloa Training Area HI, Fort Knox KY,
Joint Base Lewis-McChordlYakima Training Center WA, Fort Riley KS, Fort Polk LA, Fort Benning GA,
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1.2 Purpose
NRC regulations required the US Army Installation Management Command (IMCOM) to
submit a license application for the possession of DU. The NRC has stated, "Routine
Army activities that would occur within the radiation control area of any of the Davy

Crockett DU sites

...

require the operation of a radiation safety program approved by

the NRC via a license." 6 This RSP meets that requirement for an NRC-approved
radiation safety program.
The purpose of this RSP is to address radiation safety during performance of routine
range activities in RCAs and other activities involving M101 DU on IMCOM ranges. The
goals are to protect the health and safety of Army personnel and the public; protect the
site environment; and meet all applicable Federal, Department of Defense, and Army
regulations.

1.3 Scope
This RSP describes the RCA, defines the roles and responsibilities of supporting
radiation safety personnel, and explains the radiation safety controls for use during
performance of routine range activities in RCAs and performance of any other activities
involving M101 DU on IMCOM ranges.

1.4 Applicability
The requirements of this plan are applicable to all personnel, including members of the
public, who enter an RCA.
Requirements of this plan are in addition to, not in lieu of, any and all other safety
requirements, especially those related to unexploded ordnance (UXO) in or around
RCAs.

1.5 The unexpected and the unanticipated
While all radiation safety contingencies are intended to be addressed by this plan,
something unexpected or unanticipated may arise. Ifthis occurs, the Garrison RSO will
promptly establish appropriate procedures and then inform the License RSO.
The License RSO will inform the NRC as Title 10, Code of Federal Regulations (CFR),
Part 20, Subpart M, requires.

Fort Campbell KY, Fort Bragg NC, Fort Carson CO, Fort Gordon GA, Fort Hood TX, Fort Hunter Liggett
CA, Fort Jackson SC, Fort Sill OK, Fort Dix N J, and Donnelly Training Area, Fort Wainwright AK.
6 "Meeting Report, November 16, 2010.' Rockville, Maryland, US Nuclear Regulatory Commission, 2010
(ADAMS accession number ML1 03360437).
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Figure 1-1 Davy Crockett M101 spotting round
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2 Radiation Safety Organization and Responsibilities
2.1 US Army Installation Management Command Commander
2.1.1 Duties
As the NRC M101 DU license holder, the IMCOM Commander is responsible for:
*
*
*
*
*

*
*
*
*

Radiation safety for, security of, and control of M101 spotting round DU
Completeness and accuracy of the radiation safety records and all information
provided to the NRC
Knowledge about the contents of the license and application
Compliance with current NRC regulations and the licensee's operating and
emergency procedures
Commitment to provide adequate resources (including space, equipment,
personnel, time, and, if needed, contractors) to the radiation safety program to
ensure that the public and personnel that enter an RCA are protected from
radiation hazards and meticulous compliance with regulations is maintained
Selection and assignment of a qualified individual to serve as the License RSO
with responsibility for the overall radiation safety program
Prohibition against discrimination of employees engaged in protected activities
Commitment to provide information to employees regarding the NRC's employee
protection and deliberate misconduct provisions
Obtaining NRC's prior written consent before transferring control of the license

2.1.2 Change of the IMCOM commander
The License RSO will inform the NRC whenever a change of the IMCOM commander
(that is, the "certifying officer" in item 13 of NRC Form 313, "Application for Material
License") occurs by submitting a new NRC Form 313.

2.2 US Army Garrison Commander
The Garrison Commander is responsible to the IMCOM Commander for assuring
compliance with requirements of NRC regulations and license conditions (including this
RSP) in RCAs on the garrison.
The Garrison Commander will select and assign a qualified individual to serve as the
Garrison RSO with responsibility to both the Garrison Commander and the License RSO
for garrison compliance with NRC regulations and license conditions regarding M101 DU
on installation ranges.

2.3 License Radiation Safety Officer
The License RSO is responsible to the IMCOM Commander for the development,
implementation, and overall administration of this RSP. He is also responsible to both
the IMOOM Commander and the NRC for assuring and monitoring compliance with
NRC regulations and license conditions for MI01 DU on IMCOM ranges.
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2.3.1 Qualifications
The License RSO will have the following education, training, and experience:
2.3.1.1. Education
A Bachelors degree in the physical sciences, industrial hygiene, or engineering from an
accredited college or university or an equivalent combination of training and relevant
experience in radiological protection. Two years of relevant experience are generally
considered equivalent to one year of academic study.

2.3.1.2. Health physics experience
At least one year of work experience in applied health physics, industrial hygiene, or
similar work relevant to radiological hazards associated with site remediation. This
experience should involve actually working with radiation detection and measurement
equipment, not strictly administrative or "desk" work.
2).3.1.3. ,Specialized knowledge
A thorough knowledge of the proper application and use of all health physics equipment
used for DU and its progeny, the chemical and analytical procedures used for
radiological sampling and monitoring, methodologies used to calculate personnel
exposure to DU and its progeny, and a thorough understanding of how DU was used at
the location and how the hazards are generated and controlled.

2.3.2 Duties
The License RSO will:
*
*
*
*
*

Coordinate with appropriate personnel as necessary to assure that routine range
activities in RCAs comply the requirements of this RSP
Provide recommendations to the Garrison RSO and other appropriate personnel
for the control and, if possible, elimination of existing and potential radiological
hazards
Maintain documentation that demonstrates that the dose to individual members
of the public does not exceed the limit specified in 10 CFR Part 20, § 20.1301
Ensure security of radioactive material
Ensure proper posting of documents required by 10 CFR Part 19, § 19.11 and by

10 CFR Part 21, § 21.6
*
*
*
*
*
*
*

Ensure that radiation exposures are as low as reasonably achievable (ALARA)
Oversee all activities involving DU, including monitoring and surveys
Act as liaison with NRC and other regulatory authorities
Provide necessary information on all aspects of radiation safety to personnel at
all levels of responsibility, pursuant to 10 CFR Parts 19 and 20, and any other
applicable regulations
Conduct training and otherwise instruct personnel in the proper procedures
Supervise and coordinate the radioactive waste disposal program, including
recordkeeping on waste storage and disposal records.
Oversee the storage of radioactive waste
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*
*
*
*
*

*

*
*
*

Maintain an inventory of all radioisotopes possessed under the license 7
Immediately terminate any unsafe condition or activity that is found to be a threat
to public health and safety or property
Maintain other records not specifically designated above, for example, records of
receipts, transfers, and surveys as required by 10 CFR Part 20, Subpart L,
"Records"
Hold periodic meetings with, and provide reports to, licensee management
Perform periodic audits of the radiation safety program to ensure that the
licensee is complying with all applicable NRC regulations and the terms and
conditions of the license, the content and implementation of the radiation safety
program to achieve occupational doses5 and doses to members of the public that
are ALARA in accordance with 10 CER Part 20, §.20.1101, and required records
are maintained.
Ensure that the results of audits, identification of deficiencies, and
recommendations for change are documented, maintained for at least 3 years,
and provided to management for review; ensure that prompt action is taken to
Correct deficiencies
Ensure that the audit results and corrective actions are communicated to all
affected personnel
Ensure that all incidents, accidents, and personnel exposure to radiation in
excess of ALARA or Part 20 limits are investigated and reported to NRC and
other appropriate authorities, if required, within the required time limits
Maintain understanding of and up-to-date copies of NRC regulations, the license,
revised licensee procedures, and ensure that the license is amended whenever
there are changes in licensed activities, responsible individuals, or information or
commitments provided to NRC during the licensing process

2.3.3 Authority
The License RSO has authority to:
*Directly contact personnel of IMCOM Headquarters, IMOOM Regions, IMCOM
garrisons, and the Army Environmental Command (AEC) in the performance of
the License RSO duties 9

7 The amount of DU in any particular RCA is not known. The Army provided conservative estimates to
the NRC in its license application documents.
B From 10 CFR Part 20, § 20.1003, occupationaldose means the dose received by an individual in the
course of employment in which the individual's assigned duties involve exposure to radiation or to
radioactive material from licensed and unlicensed sources of radiation, whether in the possession of the
licensee or other person. Occupational dose does not include doses received from background radiation,
from any medical administration the individual has received, from exposure to individuals administered
radioactive material and released under 10 CFR Part 35, § 35.75, from voluntary participation in medical
research programs, or as a member of the public.
9 HQ IMCOM Operations Order 11-302, Delegation of Authority to Nuclear Regulatory Commission (NRC)
License Radiation Safety Officer (RSO) (U), 1321 38Z Apr 11
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*
*
*

Task personnel of IMCOM Headquarters, IMCOM Regions, IMCOM garrisons,
and the AEC within their capabilities and resources in order to maintain
compliance with NRC regulations and license conditions9
Immediately stop any operation involving the use of source material in which
health and safety may be compromised or may result in non-compliance with
NRC requirements
Temporarily suspend individuals from field activities for infractions against the
RSP pending consideration by the Garrison Commander

2.3.4 Change of the License RSO
The IMCOM Commander will notify the NRC within 30 days by sending NRC Form 313,
"Application for Material License," when he or she appoints a new License RSO. The
appointment is subject to the approval of the NRC.

2.4 Garrison RSO
The Garrison RSO represents both the Garrison Commander and the License RSO in
the day-to-day radiation safety operations and oversight during routine range activities.
The Garrison RSO will maintain records of radiation safety activities in the RCAs for
review by the License RSO and by NRC inspectors.
2.4.1 Qualifications' 0
The Garrison RSO shall have completed a formal course of instruction addressing the
following topics:
*
*
*
*
*
*
*

Basic radiation interactions
Radioactivity
Terms and units
Biological effects
Radiation detection and measurement
Radiation and contamination control
Radiation dosimetry

The US Army Chemical School, US Army Medical Command, the National Guard
Bureau, and US Army Materiel Command offer acceptable formal courses for garrison
RSOs. The License RSO may provide this training (and document it) if time or
resources do not allow a Garrison RSO to attend one of the formal courses on a timely
basis.
In addition, the Garrison RSO shall receive specific training from the License RSO on
his or her duties and responsibilities related to M1 01 spotting rounds on his or her
installation. This training will be documented and will include:

10

The License RSO cannot allow any activities within any garrison RCA until he has determined that the

Garrison RSO meets the training qualifications in Section 2.4.1.
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*
*
*

Viewing of the Army's DU awareness training video for soldiers, TV/T 3-120 Tier I
Depleted Uranium (DU) General Awareness Training, a copy of which the
License RSO will provide
How to use and maintain radiation safety instruments
How to perform Garrison RSO duties described in this RSP
How to perform procedures in RSP-supporting SOPs (see Section 23)

2.4.2 Duties
The Garrison RSO, as necessary, will:
*On behalf of the Garrison Commander and License RSO, assure implementation
of and compliance with this RSP and applicable NRC regulations and license
conditions
*Discuss deviations from routine range activities that affect radiation safety with
appropriate personnel and the License RSO
* Maintain a log of routine range activities in RCAs as they occur 1 '
* Routinely report on radiation safety activities in RCAs at Garrison Radiation
Safety Committee meetings (with appropriate documentation in the minutes of
these meetings)
*Perform audits as necessary to verify compliance with provisions of this RSP and
of NRC regulations and license conditions
* Advise personnel as they carry out their radiation safety responsibilities
• Stop work if conditions indicate that a potential exists for an unanticipated or
excessive radiation exposure to range personnel or the general public, or if an
individual violates the radiation safety rules, regulations, or procedures in a
manner that may adversely affect personnel at the RCA or the general public
*Train personnel in the proper use of radiological instruments for monitoring
personnel and equipment leaving the RCA
*Implement, audit and validate instrument calibrations and the appropriateness of
calibration sources, methods, records and procedures
* Ensure that radiation exposures are maintained ALARA.
* Implement and maintain records of radiological surveys and evaluations
* Ensure appropriate radiation safety training is provided to all personnel who enter
an RCA and maintain documentation of this training
.* Arrange maintenance and calibration service and maintain associated records for
radiation survey instruments
*Review planned RCA activities and implement radiation safety procedures to
ensure safe performance and completion of work
*Perform any other activities as directed by the License RSO in order to maintain
compliance with NRC regulations and license conditions

1• This log may be in the form of check boxes on the access control log.. Each check box will correspond
to a routine authorized range activity as shown in-Chapter 4.
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2.4.3 Authority
The Garrison RSO has authority to:
*

Immediately stop any operation involving the use of source material in which
health and safety may be compromised or may result in non-compliance with
NRC requirements (the License RSO will be notified as soon as possible if this
OCCU rs)~

*

Temporarily suspend individuals from field activities for infractions against this
RSP pending consideration by the Garrison Commander and License RSO

2.4.4 Change of the Garrison RSO
The Garrison Commander (directly or through the garrison safety manager) will notify
the License RSO as soon as possible when the current Garrison RSO departs and
when he or she appoints a new Garrison RSO. The appointment is subject to the
concurrence of the License RSO, who will verify that Garrison RSO candidate meets the
qualifications in Section 2.4.1.
The License RSO will notify the NR~C, by telephone or email within 30 days of a change
in the Garrison RSO. The notification will include the name and contact information of
the new Garrison RSO. The License RSO will follow up the rapid notification with
formal notification by letter.
The License RSO and the Garrison RSO will maintain documentation that demonstrates
Garrison RSO compliance with training qualifications and make this documentation
available to NRC inspectors upon request.

2.5 Personnel in the RCA
2.5.1 Training
Personnel entering the RCA are not occupationally exposed to ionizing radiation.
However, they will receive radiation safety and DU awareness training (essentially on
provisions of this RSP applicable to them) from the Garrison RSO at a level
commensurate with their activities in the RCA as the Garrison RSO determines and
documents.

2.5.2 Responsibilities
Each person who enters the RCA is responsible for demonstrating familiarity with the
provisions of this RSP applicable to them, for strict adherence to radiation safety rules
and regulations, and for minimizing radiation exposure to a level ALARA.
Responsibilities of personnel who enter the RCA include:
*

Understanding and abiding by the policies and procedures specified in this RSP
and in other applicable safety policies, and clarifying those areas where
understanding is incomplete
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*

Providing feedback to health and safety management relating to errors,
deficiencies or omissions and modifications in the RSP or in other safety policies

2.5.3 Authority
The health and safety authority of each person assigned to the RCA includes the
following:
*
*
*

The right to refuse to work and/or stop work authority when the person feels that
the work conditions are unsafe (including subcontractors or team contractors), or
where specified safety precautions are not adequate or fully understood
The right to refuse to work on any task or operation where the safety procedures
specified in this RSP or other safety policies are not being followed
The right to contact the Garrison Commander, the Garrison RSO, the License
RSO, or the NRC at any time to discuss potential concerns"

2. 6 A uthorized visitors
All visitors to the RCA will comply with the requirements of this RSP. Depending on the
areas to be accessed and the nature of the visit, the Garrison RSO, as necessary, will
escort visitors in order to assure safe radiation safety practices.
The Garrison RSO will brief authorized visitors requiring entry to the RCA on the
presence of DU in the RCA. Visitors will be escorted at all times in the RCA and will be
responsible for compliance with health and safety policies. The Garrison RSO will
maintain records of the briefings and the visits for later License RSO and NRC review.
Unauthorized visitors, and visitors not meeting the specified qualifications, may not
enter the RCA.
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3 Radiation ControlAreas
3.1 Identification

Figures that show the location of all IMOOM M1 01 DU RCAs are in the NRC license
amendment application. The License RSO will provide the figures pertinent to each
installation to that installation's Garrison RSO, who will attach those figures to this RSP.

3.2 Changes to RCAs
The Garrison RSO and License RSO will be notified if M101 spotting round debris (or
any other heretofore-unknown radioactive material) is discovered on any IMCOM range
outside of known RCAs.
The License RSO will establish a new or extended RCA to address this discovery. The
License RSO will notify the NRC about the new or extended RCA within 30 days and
arrange for the preparation of revisions that add the new RCA to the existing set of
M101 DU impact area figures and documents, including this RSP.
Only the NRC can authorize area reduction of an RCA once the RCA is established in
the license.

3.3 DU removal
Deliberate searches for and removal of DU are not authorized within an RCA except for
explosive ordnance disposal (EOD) UXO blow-in-place activities (see Section 4.1).
However, unintended discovery of M101 DU debris in an RCA and its location will be
reported immediately to the Garrison RSO.' The Garrison RSO, in consultation with the
EOD personnel and the License RSO, will determine whether it is more reasonable to
pick up the DU and hold it for appropriate disposal (see Section 18) than it is to leave it
in place.
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4 Range Activities Authorized in RCAs

The NRC license to IMCOM allows for possession only of MI01 DU on IMCOM ranges.
Therefore, the NRC has limited the types of activities in RCAs that the Army may
perform.

4.1 Unexploded ordnance in RCAs
If UXO requires disposition in an RCA, EOD personnel will determine the appropriate
methods to follow in accordance with EOD policies and procedures.
If EOD personnel decide to remove the UXO, then the UXO will be scanned for DU
contamination before it leaves the RCA.
If EOD personnel decide to blow the UXO in place, then:
*Prior knowledge and approval of the Garrison RSO and the License RSO is
required.
*Before the detonation, the immediate area (blast zone) will be checked for and
cleared (to the maximum reasonable extent possible) of DU using appropriate
radiological instrumentation under the joint supervision of the Garrison RSO and
EOD personnel.

4.2 Unauthorized range activities
Entry into an RCA only will be for one or more of the purposes listed in Section 4.3
(Section 4.4 for Hawaii).
Eating, drinking, smoking, and applying of cosmetics are not allowed in an RCA.
Drinking water to maintain hydration and health is allowable, but water bottles, cups,
and glasses must be clean .of any apparent dirt or soil.
Excavations and building construction within an RCA are not allowed. 12
Cleanup of DU within an RCA is not allowed unless the Army has applied for and
received an NRC license amendment for decommissioning that RCA, in accordance
with 10 CFR 20, Subpart E.

4.3 Authorized range activities
The NRC allows only those range activities in RCAs listed below in this section (except
see Section 4.4). Range personnel will keep records of these activities in appropriate
range logs that will be accessible to NRC inspectors.
*
*

12

HE fire
Standard marksmanship and weapons familiarization training

Upon request, the License RSO will ask the NRC for case-by-case exemptions to allow construction of

new targets, access roads, and other projects related to the normal use of the RCA for training.
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*Installation, programming, operation, preventive maintenance, and repairs on
Army Standard Integrated Target Systems
*Diagnosis and inspection of all electronics and computerized integrated target
systems
* Installation and wiring of range equipment
* Installation and replacement of targets and target mechanisms
* Testing of target systems after the completion of repairs
* Control of vegetation by mowing and use of weed eaters
* Maintenance and repair of support facilities, range towers and buildings
* Inspection and monitoring of training
* Monitoring of threatened and endangered species
* Controlled burning
* Cleaning of solar panels and adjustment of charge controllers
* Maintenance of batteries
* Maintenance of signage (for example, painting, alignment, and replacement)
* Maintenance of berms
* Maintenance of trail roads
* Removal and disposal of items that cannot be repaired (for example, batteries,
solar panels, signage, targets, and targetry)
*Range Division and Officer-in-Charge Range-Walk to ensure range is ready for
training activity
* On-site repair and recovery of vehicles
* Removal of brass and litter
* Walk/drive-through for range clearance at end of training activities
* Cultural resources activities to include survey and archaeological site
recordation, archaeological site testing, archaeological site treatment,
maintenance of site protection measures, monitoring of training activities and
access for cultural practitioners for purposes of the Native American Graves
Protection and Repatriation Act, Section 106 consultation, and cultural access
* Environmental radiation monitoring (see Section 12)
* Radiological surveys and quality assurance, quality control, and audits to support
the other listed activities
Upon request, the License RSO will ask the NRC for approval of new activities not listed
above.

4.4 Training in the Schofield Barracks Battle Area Complex (BAX)
All personnel directly involved in BAX training events at Schofield Barracks are exempt
from the radiation safety requirements of this RSP. This exemption does not apply to
routine activities (see Section 4.3) that occur at other times in the BAX, such as target
maintenance. This exemption is permissible because:
*

A contractor working under authority of its NRC license cleared that portion of the
•BAX that overlaps the RCA of DU contamination, and
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*

No exit monitoring has detected any DU contamination on people, equipment,
and vehicles.

4.4.1 Training events
Training events in the BAX may involve a platoon-sized element consisting of
approximately fifty soldiers or may focus on a company-sized element of approximately
150 soldiers. Operations may include training on the following types of tactical
operations:
*
*
*
*
*
*
*
•
*
*

Conduct attack
Conduct security
Integration of enablers
Company intelligence support team
Re-supply
Movement techniques
React to contact
Fire support planning
Clearance of fires
Dismounted counter improvised explosive device

Conduct care under fire"

-

*

Evacuate casualties

4.4.2 Training controls
Vehicles are restricted to course roads. Units will maneuver on foot and in wheeled
vehicles (including Strykers) through designated training lanes on the BAX. They will
establish secure positions, engage targets, and conduct re-supply operations that
consist of driving convoys of vehicles to specified locations to support operations and
evacuate casualties.
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5 Radiation Safety Principles

The following are general radiation safety principles that guide radiation safety policies
in the RCA.

5.1 Justification
No one will be exposed to ionizing radiation needlessly. This means that only essential
personnel will be in the RCA at any time.

5.2 Optimization
All personnel radiation exposure will be ALARA, considering technological and
socioeconomic factors.
"ALARA" will be implemented using the following:
*
*
*
*

Training of personnel in appropriate radiation safety practices and work
procedures
Good housekeeping practices
Engineering controls
Use of personal protective equipment (PPE) as necessary

5.3 Individual dose and risk limits
No one will exceed regulatory dose limits. This will be achieved through the
implementation of the ALARA program and contamination control within NRC limits
(Table 6-1 ).
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6 Radiation Safety Standards

Title 10 CFR, Part 20, Subpart C contains the NRC occupational and public dose limits,
which will not be exceeded under any circumstances.

6.1 Individuals entering the RCA
All reasonable conservative estimates of the maximum annual total effective dose
(TEDE) equivalent due to Davy Crockett DU in impact areas on IMCOM ranges show
that no one will exceed ten percent of the NRC annual public dose limit of 0.100 remn.

6.2 Surface Contamination
Table 1 in NRC Regulatory Guide 1.86 provides NRC acceptable surface contamination
levels. Table 6-1 is an extract relevant for DU from that table. Decontamination will
always be to surface Contamination levels that are below those in Table 6-1 and that are
ALARA.
Table 6-1 Acceptable surface contamination levels
NUCLIDE a
35

238

u-natural, 2 U, U, and
'associated decay products

AVERAGE

MAXIMUM

bdf

bdf

REMOVABLE

5,000 dpm

15,000 dpm

1,000 dpm

alpha/i100 cm 2

alpha/I100 cm2

alpha/I 00 cm 2

bcef

a Where surface contamination by both alpha and beta-gamma emitting nuclides exists, the limits established for

alpha and beta-gamma emitting nuclides should apply independently.
b As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as

determined by correcting the counts per minute observed by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.
c~ Measurements of average contamination level should not be averaged over more than I square meter. For objects
of less surface area, the average should be derived foreach object.
d The maximum contamination level applies to an area of not more than 100 square centimeters (cm2 ).
2
a The amount of removable radioactive material per 100 cm of surface area should be determined by wiping that'
area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive
material on the wipe with an appropriate instrument of known efficiency. When removable contamination on
objects of less surface area is determined, the pertinent levels should be reduced proportionally and the entire
surface should be wiped.
fThe average and maximum radiation levels associated with surface contamination resulting from beta-gamma
emitters should not exceed 0.2 millirad per hour at 1 centimeter and 1.0 millirad per hour at 1 centimeter,
respectively, measured through not more than 7 milligrams per square centimeter of total absorber.

6.3 Declared pregnant worker
Because of the radiosensitivity of the embryo/fetus, the NRC sets the dose limit to the
embryo/fetus of a declared pregnant worker (DPW) at 0.5 rem TEDE for the period of
gestation. The NRC determined that this limit provides an adequate margin of safety for
the embryo/fetus. However, no one can exceed even a small percentage of this limit for
all reasonable scenarios (see paragraph 6.1). Therefore, a written declaration of
pregnancy and required subsequent actions are not expected to be necessary.
However, in the event a worker informs the Garrison RSO that she is a DPW, the
Garrison RSO will take the following actions:
o Acknowledge receipt of the declaration and maintain a record of it
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*
•

Provide the worker with a copy of NRC Regulatory Guide 8.13, "Instruction
Concerning Prenatal Radiation Exposure," for her information
Consult with the License RSO

6.4 Dose to individual members of the public
Documents provided to the NRC during the license amendment application demonstrate
that the dose to individual members of the public does not exceed the limit specified in
10 CFR Part 20, § 20.1301(a)(1) (100 mrem in a year). These documents incorporate
calculations using RESRAD 7.0 and RESRAD-OFFSITE 3.1 and show that the maximum
possible annual dose to anyone in an RCA is less than about 0.3 mrem and to anyone
outside the training range complex is less than about 0.04 mrem. The following table
summarizes the results of the RESRAD calculations.
Table 6-2 Comparison of regulatory standards to corresponding calculated maximum value using
RESRAD 7.0 and RESRAD-OFFSITE 3.1

Maximum Value_______

_____________

Situation
Regulatory standard
(NRC; EPA for drinking water)
Typical: 1000 rounds, I kin 2,
default parameters0.2
Maximum reasonable: 9700
rounds, 1 kin 2, default
parameters
Maximum bounded: 9700
rounds, 1 kin2, several changed

Average Annual
Dose (mrem)

WaeCocnrtnAi
Effluent
Drinking water
(p~g/L total U)
(pCi/L 238U)

0030300.06
103000
0290.13

0.43

0.0000065

0.28

1.3

3.7

0.0000065

0.33

0.63

1.8

0.00013

defaults_____
Maximum reasonable 1 km
offsite: 9700 rounds, 1 kin 2,

Concentration
(pCi/rn 3 238U)

___

0.23

0.035

default parameters

_______
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0.66
______________

0.000000088

7 Dosimetry

Dosimetry is not required for entry into the RCA. See Section 6.1 and Section 6.4.
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8 Bioassay

Bioassay is not required for anyone who enters the RCA. See Section 6.1 and Section
6.4. The Garrison RSO will consult with the License RSO if an uptake of DU may have
occurred (see Section 22.1).
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9 Personnel Protective Equipment

Normal work clothing provides adequate protection for radiation safety purposes from
M101 DU on IMOOM ranges for authorized routine range activities (see Section 4.2).
Wear disposable gloves at all times when handling DU.

j-
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10 Respiratory Protection

Respiratory protection is not required for entry into the RCA. See Section 6.1 and
Section 6.4.
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11 Contamination Surveys
11.1 Instrument scanning

when necessary, the Garrison RSO will establish access control points ("hotlines") for
entry and exit to the RCA. The Garrison RSO will assure that appropriate instruments
and supplies (for example, soap and water for decontamination, if necessary) are
available at the hotlines.
The Garrison RSO will assure that instrument scanning on all personnel, vehicles, and
equipment occurs at the hotline as they exit the RCA. The Garrison RSO will notify the
License RSO as soon as possible if contamination is discovered.
Normally, the Garrison RSO will perform these measurements. However, when the
Garrison RSO cannot be present and work must proceed, the Garrison RSO may
designate a worker to perform the hotline functions once the Garrison RSO has trained
and verified that the worker is able to do so accurately, correctly, and in accordance
with this RSP. The Garrison RSO will train that worker and verify his or her ability to
comply with this RSP in accordance with an SOP that the License RSO has provided
(see Section 23). The Garrison RSO will maintain records of all such designations,
training and verifications.

11.1.1 Personnel
All personnel exiting an RCA will be monitored for contamination as they leave the RCA.
If DU contamination is detected, they will be completely decontaminated if possible.
The Garrison RSO will contact the License RSO for instructions if decontamination
measures are ever necessary. (Usually, washing with soap and water will achieve
complete DU decontamination.)
See Section 17 for instrumentation requirements.

11.1.2 Equipment and vehicles
All equipment and vehicles will be monitored for contamination as they leave the RCA.
If DU contamination is detected, the equipment item or vehicle will be decontaminated
to meet the requirements in Table 6-1 (which includes the requirement to
decontaminate to levels ALARA). The Garrison RSO will contact the License RSO for
instructions if decontamination measures are ever necessary. (Usually, washing with
soap and water will achieve complete DU decontamination.)

11.2 Documentation
The Garrison RSO will document all contamination surveys of personnel, equipment,•
and vehicles to include:
*
*
*

Description of instrument used, along with its calibration date and calibration due
date
Identification of person, equipment item, or vehicle
Location of contamination or a notation that no contamination was detected
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*
*
*
*
*

Initial contamination found, if any, in units of dpm/100 cm 2 or dpm over smaller
area
Decontamination method(s) used, if necessary
If initial decontamination efforts are not fully successful, interim contamination in
units of dpm/1 00 cm 2 or dpm over smaller area
Final contamination status
Name and signature of person performing monitoring

See Section 17 for instrumentation requirements.

11.3 Swipe tests
Swipe tests generally are not necessary. However, if instrument scanning detects
contamination, the Garrison RSO will take swipe tests to verify that subsequent
decontamination efforts were adequate. The License RSO will provide instructions on
how to analyze the swipes.

11.4 Reporting results to workers
The Garrison RSO will provide results of swipe tests and scanning to any RCA
personnel who ask for them, as it is a right of workers to know the potential hazards to
which they are exposed.
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12 Environmental Monitoring
12.1 Environmental radiation monitoring

Personnel at each garrison will prepare a site-specific ERMP for each RCA on their
garrison. Each site-specific ERMP will be in accordance with the guidance in the
"Programmatic Approach for Preparation of Site-Specific Environ mental Radiation
Monitoring Plans." The License RSO will provide an SOP that provides a description
and general list of requirements necessary to ensure adequate application of sitespecific ERMPs.
The License RSO and garrison RSOs will assure that performance of environmental
radiation sampling and measurements will be in accordance with the site-specific ERMP
for each RCA.

12.2 Drinking water
The Garrison RSO will make available for NRC review records of routine analysis for
•uranium to meet requirements of US Environmental Protection Agency (EPA) drinking
water regulations (40 CFR Part 141). The Garrison RSO will codrdinate with garrison
Department of Public Works personnel who perform these tests to obtain and maintain
copies of drinking records pertaining to uranium.
If the mass concentration of uranium in water exceeds the EPA drinking water
maximum contaminant level for uranium (30 micrograms per liter), the Garrison RSO
will notify the License RSO, who then will notify NRC.

12.3 Notification to the NRC
When analytical sampling results from locations outside of an RCA indicate that the
2.38UJ/ 234 U activity ratio exceeds three, the License RSO 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.
The License will estimate the dose to the public following the instructions in the SOP,
"Calculation of Public Dose" and include that estimated dose in the notification to the
NRC.
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13 Inventory

The Garrison RSO will inventory and control all check sources associated with
instrumentation used at the RCA. No other radioactive sources, other than MIQI DU
itself, are expected to be at the RCA. (Also, see Section 18.)
The Garrison RSO will maintain a log of all MIOI DU found on the installation. The log
will show the location of each find, an estimate of the amount of DU (for example, two
mostly intact rounds, three fragments, evidence of soil contamination, and so on) and
whether the DU was left in place or removed for proper disposal.
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14 Posting Requirements
A radiation control area (RCA) is an area controlled for the purpose of radiation safety
(see Section 3). The Garrison RSO, in coordination with range personnel, will establish
each M101 DU impact area on the installation as an RCA.
The License RSO will provide the Garrison with maps showing the location of each RCA
on the garrison. The Garrison RSO will assure that all range operations and training
personnel are aware of the RCAs.

14.1 "CAUTION, RADIOACTIVE MATERIAL" signs
Title 10 CFR Part 20, Subpart J, § 20.1902(e) says:
Posting of areas or rooms in which/licensed material is used or stored.
The licensee shall post each area or room in which there is used or stored
an amount of licensed material exceeding 10 times the quantity of such
material specified in appendix C to part 20 with a conspicuous sign or
signs bearing the radiation symbol and the words "CAUTION,
RADIOACTIVE MATERIAL(S)" or "DANGER, RADIOACTIVE
MATERIAL(S)."
The Garrison RSO, in coordination with range operations and training personnel and, as
required, EOD personnel, will conspicuously post these signs (see Figure 14-1) at a
sufficient number of locations around the RCA to ensure that individuals entering the
RCA are aware of the presence of DU. The signs may be placed at the perimeter of the
range impact areas if posting them at the Radiation Control Area boundary is unsafe
due to the presence of UXO.
Signs will be made of weather-resistant material.

14.2 Radiation area
A radiation area is an area, accessible to individuals, in which radiation levels could
result in an individual receiving a dose equivalent in excess of 0.005 remn in 1 hour at 30
centimeters from the radiation source or from any surface that the radiation penetrates.
M101 DU on IMCOM ranges cannot produce a radiation area.

14.3 NRC-required postings
Documents, notices, or forms posted under this section shall appear in a sufficient
number of places to permit individuals engaged in NRC-licensed or regulated activities
to observe them on the way to or from any particular licensed or regulated activity
location to which the document applies, shall be conspicuous, and shall be replaced if
defaced or altered.
At a minimum, the Garrison RSO will post these documents, notices, and forms in
control towers for DU-affected ranges, in his or her office, and with documents that are
required reading for range personnel.
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14.3.1 NRC Form 3, "Notice to Employees"
Current copies of NRC Forms 3 will appear in a sufficient number of places to permit
personnel to observe them on the way to or from any particular work location to which
the document applies, will be conspicuous, and will be replaced if defaced or altered.

14.3.2 Other notices to workers
The Garrison RSO shall post or make available current copies of
*
*
*
*
•

Title 10 CFR, Part 19, "Notices, Instructions and Reports To Workers: Inspection
And Investigations"
Title 10 CFR, Part 20, "Standards for Protection against Radiation"
Title 10 CFR, Part 21, "Reporting of Defects and Noncompliance"
The license, license conditions, and documents incorporated into the license by
reference, and amendments thereto
The operating procedures applicable to licensed activities (specifically, this RSP)

If posting of any of these documents specified in this sub-section is not practicable, the
Garrison RSO instead may post a notice that describes the document and states where
it may be examined.

14.3.3 Notices of violation
The Garrison RSO shall post or make available current copies of any notice of violation
involving radiological working conditions, proposed imposition of civil penalty, or order
from the NRC and any IMCOM response.

Figure 14-1 "CAUTION, RADIOACTIVE
MATERIAL" sign

"'
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15 Access Control
15.1 RCA access

Personnel access to an RCA is not authorized except with the knowledge and approval
of the Garrison RSO. This is because the Garrison RSO must make appropriate
arrangements to assure compliance with NRC regulations and license conditions as
implemented in this RSP. The Garrison RSO will assure that all appropriate range
operators and trainers are aware of this requirement. This requirement is in addition to
and not in lieu of any other approvals for access that may be required.
Whenever personnel access to the RCA is required, the Garrison RSO will establish
access control points on the RCA's perimeter for entry and exit (except in an
emergency).
Other than official visitors, no one may enter the RCA unless he or she meets all
radiation safety training requirements (see Section 20). The Garrison RSO will maintain
documentation to show that these requirements have been met.
Personnel qualified to enter the RCA will escort official visitors.
The Garrison RSO will control access to the RCA in accordance with the above
instructions and with the "Physical Security Plan for US Army Installation Management
Command Ranges Affected by Depleted Uranium in M101 Davy Crockett Spotting
Rounds," which is a part the license. The Garrison RSO will refer to the License RSO
for additional guidance as necessary.

15.2 Installation training area access
Restrictions on RCA access (see Section 15.1) are in addition to, not in place of, any
other access restrictions.
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16 Markings on Containers and Equipment

Garrison RSOs and the License RSO will ensure compliance with Title 10 CFR Part 20,
§ 20.1904, which requires that all containers that contain more than 100 microcuries of
23Uor

natural uranium 13 be properly labeled with a "CAUTION-RADIOACTIVE

MATERIALS" sign or label. The label will also provide information, such as the
radionuclides present (DU), an estimate of the quantity of radioactivity, the date for
which the activity is estimated, radiation levels, and kinds of materials, to permit
individuals handling or using the containers, or working in the vicinity of the containers,
to take precautions to avoid or minimize exposures.
The specific activity of DU is about 0.4 pCi per gram, so 100 pCi of DU has a mass of
about 250 grams. A single, intact M101 spotting round contains about 190 grams of
DU.
The only containers of M101 DU on the installations, if any, shall be containers awaiting
disposal as radioactive waste (see Section 18).

The activity in DU is mostly due to 238U. The activity in natural uranium is mostly due to 234U and 238U in
equilibrium with each other. Table C in Appendix C to 10 CFR Part 20 does not list DU, but the inference
13

is taken that the labeling requirement for an activity of more than 100 microcuries should also apply for
DU.
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17 Instrumentation
17.1 Essential instruments

The Garrison RSO will assure that appropriate calibrated instruments are available for
use by appropriately trained personnel before allowing personnel access to the RCA.
The Garrison RSO will possess at least two Geiger-Mueller pancake detectors for
alpha-beta-gamma surveys for contamination and frisking [for example, a Ludlum Model
44-9 Pancake G-M Detector (see Figure 17-1) with appropriate meter or an AN/P DR-77
with a pancake probe].

17.2 Instrument calibration and maintenance
All instruments will be calibrated by a qualified calibration/repair facility at least annually
in accordance with manufacturers' instructions. The Garrison RSO will retain calibration
records for each instrument for at least three years.
Each instrument shall be checked before first use each day with check sources to verify
that its response is within ± 20 percent of the value established by the calibration
laboratory (or the Garrison RSO immediately upon receipt of a newly calibrated
instrument) for that instrument/check source/geometry combination.
Each item of survey equipment shall meet function response requirements before,
during, and at the end of the workday. If survey equipment requires routine
maintenance (such as battery replacement, spot painting of Mylar® window, etc.) during
a workday, its proper function will be verified before it is returned to use.
Instruments that require other than routine maintenance will be re-calibrated after repair
before being returned to use.

17.3 Minimum detectable concentrations
The following sections describe how minimum detectable concentrations (MDCs) will be
determined for field equipment. The MDC will be calculated and documented for each
field instrument put into use. The Garrison RSO will maintain this documentation and
make it available to the License RSO and NRC personnel upon request.
After completing background measurements outside of but nearby the RCA, MDCs will
be calculated using RCA-specific variables (reference activity/instrument efficiencies) to
verify that all MDCs are significantly below the regulatory limits that correspond to the
instruments' uses.

17.3.1 Static minimum detectable concentrations
According to the Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM), the criticallevel (Lc) is the level, in counts, at which there is a 5 percent
statistical probability of incorrectly identifying a measurement-system background value
as greater than background. Any response above this level is considered greater than

background. The detection limit (LD) is the a prioriestimate of the detection capability of
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a measurement system and is reported in units of counts. The MDC is the detection
limit (counts) multiplied by an appropriate conversion factor to give units consistent with

a site guideline, such as dpm/100 cm 2 . In other words, the MDC is the a priorinet
activity level above the critical level that an instrument can be expected to detect 95
percent of the time,
MARSSIM explains how to calculate Lc, LD, and MDC and arrives at the following result
(MA RSSIM Equation 6-7) for the static MDC:
Static I'AJC

=

C(3 + 4.65v•).

C represents total detection and efficiency and other constants or factors needed to put
the static MDC into appropriate units and B is the number of background counts that are
expected to occur while performing an actual measurement. The equation assumes
that static counts are taken in 1 minute. If different times are used, the License RSO
will adjust the calculations accordingly.
For the present purposes,
1
Ae~es

100 cm 2
100cm 2 "

A is the effective area of the probe, s, is the instrument or detector efficiency, cs is the
efficiency of the contamination source (surface efficiency), 14 and the final factor, which
equals 1, helps put the units of scan MDC into dpm/100 cm 2 .

17.3.2 Scan minimum detectable concentrations
The minimum detectable concentration of a scan survey (scan MDC) depends on the
intrinsic characteristics of the detector (such as efficiency and physical probe area), the
nature (type, abundance, and energy) of emissions, the relative distribution of the
potential contamination (point versus distributed source and depth of contamination),
scan rate, and personal characteristics of the surveyor. MAR.SSIM Section 6.7.2.1
discusses the basis for estimating scanning MDCs and arrives at the following equation
for scan MDC:
Sca
MC=MDCR
.,-pAest'

100cm 2
100 cm 2 "

TeISO-7503-1 standard on the evaluation of surface contamination for beta-emitters and alpha
emitters recommends an ss value of 0.5 for betas (maximum beta energy greater than 0.4 megaelectron
volts (MeV)) and an Es value of 0.25 for alpha and betas (maximum beta energy between 0.15 MeV and
0.4 MeV).
14
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MDCR is the minimum detectable count rate (interpolated from MARSSIM Table 6.6), p
is surveyor efficiency (assumed to be 0.5), and other parameters are shown above.
The final factor, which equals one, helps put the units of scan MDC into dpm/1 00 cm 2 .

INDICATED USE: Alpha beta gamma survey; Frisking
DETECTOR: Pancake type halogen quenched G-M
WINDOW: 1.7 + 0.3 mg cm-2 mica

WINDOW AREA: Active - 15 cm2 ; Open - 12 cm2
EFFICIENCY (4Tr geometry): Typically 5 percent 15 percent - 2 39 pu

14

C; 22 percent

-

9°SrI9 °Y; 19 percent - E9Tc; 32 percent -

SENSITIVITY: Typically 3300 cpm (mR h-1 )-1 (137 Cs gamma)
ENERGY RESPONSE: Energy dependent
DEAD TIME: Typically 80 microseconds
COMPATIBLE INSTRUMENTS: General purpose survey meters, ratemeters, and scalers
OPERATING VOLTAGE: 900 volts
CONNECTOR: Series C (others available)
CONSTRUCTION: Aluminum housing with beige polyurethane enamel paint
TEMPERATURE: -4 0F (-20 °C) to 122 °F (50 °C)
SIZE: 1.8 inches (4.6 cm) height x 2.7 inches (6.9 cm) width x 10.7 inches (27.2 cm) length
WEIGHT: 1 pound (0.5 kg)
Source: www.tudlums.com

Figure 17-1 Ludlum Model 44-9 Pancake G-M Detector

-
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18 Radioactive Waste

The Garrison RSQ, in coordination with EOD personnel, will double-bag in plastic bags
all M101 DU that is picked up and removed from the RCA (see Section 3.2). Anyone
handling DU will use tools or gloved hands to handle it. The bagged DU will be stored
in sturdy containers with appropriate markings (see Section 16).
The Garrison RSO will secure these containers in a locked storage facility with access
limited to personnel appropriately trained in radiation safety and security.
The Garrison RSO, in coordination with the License RSO, will contact Chief, Army LowLevel Radioactive Waste Disposal Division, US Army Joint Munitions Command, ATTN:
AMSJM-SF, Rock Island Arsenal, Rock Island, IL 61299-6500, who will arrange for
appropriate disposal of the DU.
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19 Program Audits

The Garrison RSO will continuously monitor activities in an RCA when personnel are in
the RCA and maintain appropriate documentation of those activities.
The License RSO will review radiation safety program content and implementation and
will document the results of this review at least annually to ensure the following:
*

Compliance with NRC and the terms and conditions of the license
•Occupational doses and doses to members of the public are ALARA (10 CFR

Part 20, § 20.1101)
*

Records of audits and other reviews of program content are maintained for 3
years

19.1 Purpose of annual audit
An audit is conducted, in part, to fulfill the requirements of 10 CFR Part 20, § 20.1101
for an annual review of the content and implementation of the radiation safety program.
It should also identify program weaknesses and allow licensees to take early Corrective
actions (before an NRC inspection). During an audit, the auditor needs to keep in mind
not only the requirements of NRC's regulations, but also the licensee's commitments in
its applications and other correspondence with NRC. The auditor should also evaluate
whether the licensee is maintaining exposures to workers and the general public
ALARA and, if not, make suggestions for improvement.

19.2 Guide for annual audit
The form in this section is for documentation of the annual audit of the radiation safety
program. Guidance follows on completing each section of the form. In the "remarks"
portions of the form, note any deficiencies that were identified and the corrective actions
taken (or to be taken).
*

Section 1, Audit History. Enter the date of the last audit, whether any
deficiencies were identified, and whether actions were taken to correct-the
deficiencies.
* Section 2, Organization and Scope of Program. Give a brief description of the
organizational structure, noting any changes in personnel. Describe the scope of
licensed activities at the audited location. Check whether the RSO is the person
identified in the license and fulfills the duties specified in the license.
* Section 3, Training, Retraining, and Instructions to Workers. Ensure that workers
have received the training required by 10 CFR Part 19, § 19.12. Be sure that,
before being permitted to enter an RCA,- the worker has received training. Note
whether refresher training is conducted annually. Ensure by interview and/or
observation of selected workers that they can implement the licensee's
procedures.
* Section 4, Audits. Verify that audits fulfill the requirements of 10 CFR Part 20,
§ 20.1101, are conducted in accordance with licensee commitments, and are
properly documented.
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*
*

*

*

*

*

•

Section 5, Facilities. Verify that the licensee's facilities are as described in its
license documents.
Section 6, Radiation Surveys.
o Verify that the licensee has appropriate, operable and calibrated survey
instruments available, that the instruments are calibrated (at the required
frequency) in accordance with license conditions and in accordance with
10 CFR Part 20, § 20.2103. Calibration records must be retained for 3
years after the record is made.
o Check that radiation levels in areas adjacent to use are within regulatory
limits and in accordance with 10 CFR Part 20, § 20.2103.
o Verify compliance with 10 CFR Part 20, § 20.1301. Records of surveys
must be retained for 3 years after the record is made.
Section 7, Transfer of Radioactive Material for Waste Disposal. Ensure that
transfers are performed in accordance with 10 CFR Part 40, § 40.51. Records of
surveys, receipt, and transfer must be maintained in accordance with 10 CFR
Part 20, §.20.2103 and Part 40, § 40.51.
Section 8, Personnel Radiation Safety; Evaluate the licensee's determination
that unmonitored personnel are not likely to receive more than 10 percent of the
allowable limits. If any worker declared her pregnancy in writing, evaluate the
licensee's compliance with 10 CFR Part 20, § 20.1208. Check whether records
are maintained as required by 10 CFR Part 20, §§ 20.2101, 2102, 2103, 2104
and 2106.
Section 9, Auditor's Independent Measurements (If Made). The auditor should
make independent survey measurements and compare the results with those
made or used by the licensee.
Section 10, Notification and Reports. Check on the licensee's compliance with
the notification and reporting requirements in 10 CFR Parts 19, 20, and 30.
Ensure that the licensee is aware of the telephone number for NRC's Emergency
•Operations Center: (301) 816-5100.
Section 11, Posting and Labeling. Check for compliance with the posting and

labeling requirements of 10 CFR Part 19, § 19.11; Part 20, §§ 20.1902 and
20.1904; and Part 21, § 21.6.
*
*

*
*
*

Section 12, Recordkeeping for Decommissioning. Check to determine
compliance with 10 CFR Part 40, § 40.36(f).
Section 13, Bulletins and Information Notices. Check to determine if the licensee
is receiving bulletins, information notices, NMSS Newsletters, and SO on-from the
NRC, Check whether the licensee took appropriate action in response to NRC
mailings.
Section 14, Special License Conditions or Issues. Verify compliance with any
special conditions on the licensee's license. Ifthe licensee has any unusual
aspect of its work, review and evaluate compliance with regulatory requirements.
Section 15, Continuation of Report Items. This section is self-explanatory.
Section 16, Problems or Deficiencies Noted; Recommendations. This section is
self-explanatory.
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*Section 17, Evaluation of Other Factors. Evaluate licensee management's
involvement with the radiation safety program, whether the RSO has sufficient
time to perform his/her duties, and whether the licensee has sufficient staff to
handle the workload and maintain compliance with regulatory requirements.

19.3 Sample checklist
The following pages provide a sample checklist based on NUREG-1556, volume 7,
appendix L.
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Audit Report No.

___

No.__________

________License

Licensee's Name and Mailing Address:

Audit of Activities at (Address):

Contact at Audit Location:
Date of this Audit:

_________

Telephone No.

____________

Summary of Findings and Action:
[ ]No deficiencies
[I]Deficiencies
[l]Action on previous deficiencies
Recommendations:

Auditor:
(Signature)

C)ate:
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1. AUDIT HISTORY [ ] N/A (N/A means "Not applicable"
A. Last audit of this location conducted

-

Initial Audit

__________

B. Problems!/deficiencies identified during last two audits or two years,
whichever is longer
[ ]Y [ ]N
C. Open problems/deficiencies from previous audits:
Status Requirement

Corrective Action
OpnCoe
Taken (Y/N)OpnCoe

ProbiDef

D. Any previous problem/deficiency not corrected or repeated
[]Y

[IN

1. Structure is a described in license documents

[ ]Y

[ ]N

2. Multiple authorized locations of use

[ ]Y

[ ]N

[]N/A

2. ORGANIZATION AND SCOPE OF PROGRAM
A. Briefly describe organizational structure

3. Briefly describe scope of activities involving Source material, frequency
of use, staff size, etc.
[J]Y [ ]N
B. Radiation Safety Officer

[ ]Y

[ ]N

[I]Y

[ ]N
[] N

2J

'

1. Authorized on license
2. Fulfills duties as RSO

[] Y

C. Use only by authorized individuals
Remarks:
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3. TRAINING, RETRAINING, AND INSTRUCTIONS TO WORKERS

A. Instructions to workers per [10 CFR Part 19.12]

[ ] Y [1 N

B. Training program required

[ ]Y [ ]N

C. Training records maintained

[ ]Y [ ]N

D. Evaluation of individuals' understanding of procedures and regulations based
on interviews, observation of selected workers
[ ]Y [ ] N
Adequate understanding of:

Current safe use procedures

'

Emergency procedures

[ ]Y [] N
[ ] Y[ ]N

E. Part 20
Workers cognizant of requirements for:
1. Radiation Safety Program [20.11011
2. Annual dose limits [20.1301, 20.1302]

[ ] Y []N
[ ] Y[] N

3. 10 percent monitoring threshold [20.502]

[ ] Y [] N

4. Dose limits to embryo/fetus and declared pregnant women [20.1208]
[]Y[]N
Remarks:
4. INTERNAL AUDITS, REVIEWS, OR INSPECTIONS
A. Audits are conducted

[ ]Y.[ ]N

1. Audits conducted by
2. Frequency________
_______

B. Content and implementation of the radiation safety program reviewed
annually [20.1101(c)]
[ ] Y[] N

[3] Y [3] N

C. Records maintained [20.2102]
5. FACILITIES
Facilities as described in license application
Remarks:

19-6

[] Y [ ] N

Radiation Safety Plan for, IMCOM Ranges Affected by M101 Davy Crockett Spotting
Round Depleted Uranium
6. RADIATION SURVEYS
A. Instruments and Equipment:

[ ]Y [ ]N

1. Appropriate operable survey instrumentation possessed or
readily available
[ ] Y[] N
2. Calibrated as required [20.15011
[] Y [] N
3. Calibration records maintained [20.2103(a)]
[ ]Y [] N
B. Briefly describe survey requirements [20.1501(a)]:
C. Performed as required [20.1501(a)]

[] Y [] N

1. Radiation levels within regulatory limits

[J]Y [3] N

2. Corrective action taken and documented

[3] Y [3] N
[3] Y [ ] N

D. Records maintained [20.2103]
E. Protection of members of the public

1. Adequate surveys made to demonstrate either (a) that the TEDE
to the individual likely to receive the highest dose does not
exceed 100 mrem in a year, or (b) that if an individual were
continuously present in an unrestricted area, the external dose
would not exceed 2 mrem in any hour and 50 mrem in a year
[20.1301 (a)(1), 20.1302(b)]
[]YY[3 N
2. Unrestricted area radiation levels do not exceed 2 mrem in any
one hour [20.1301(a)(2)]
[] Y [3 N
3. Records maintained [20.2103, 20.2107]
[ ]Y [3] N
Remarks:
7. TRANSFER OF RADIOACTIVE MATERIAL FOR WASTE DISPOSAL
A. Transfer(s) for "disposal" performed per [40.51]

[ ]Y [3 N [ ]N/A

B. Records of transfer maintained [20.2103(a), 40.51]

[]JY [] N

Remarks:
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8. PERSONNEL RADIATION SAFETY
A. ALARA considerations are incorporated into the Radiation
Safety Program [20.1101 (b)]
[ ] Y []N
B. Adequate documentation of determination that unmonitored
individuals are not likely to receive more than 10 percent of
allowable limit [20.1502(a)]
[] Y[ ]N [ ]N/A
C. Worker declared her pregnancy in writing during inspection

period (review records)

[ ]Y [ ] N [ ] N/A

Ifyes, determine compliance with [20.1208]

[ ]Y [ ] N

Check for records per [20.2106(e)]

[J]Y [ ] N

F. Records of exposures, surveys, monitoring, and evaluations
maintained [20.2102, 20.2103, 20.2106, L/C]
[J]Y [ ] N
Remarks:
9. AUDITOR'S INDEPENDENT MEASUREMENTS (IF MADE)

A. Survey instrument Serial No.

_________Last

calibration

B. Auditor's measurements compared to licensee's

[ ]Y [ ] N

C. Describe the type, location, and results of measurements:

10. NOTIFICATION AND REPORTS [ ] N/A
A. Licensee in compliance with [19.13, 30.50] (reports to
individuals, public and occupational, monitored to show

[ ]Y [ ] N [ ] N/A

compliance with Part 20)

B. Licensee in compliance with [20.2201, 40.60] (theft or loss)

[] Y [] N [] None
C. Licensee in compliance with [20.2202, 40.60] (incidents) [ ]Y [ ] N [ ] None
D. Licensee in compliance with [20.2203, 40.60] (overexposures
,and high radiation levels)
[]Y [ ]N [ ]None
E. Licensee aware of telephone number for NRC Emergency

Operations Center [(301) 816-5100]
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11. POSTING AND LABELING
A. N RC-Form 3 "Notice to Workers" is posted [19.11]

[ ]Y [3] N

B. Parts 19, 20, 21, Section 206 of Energy Reorganization Act,
procedures adopted pursuant to Part 21, and license documents
are posted, or a notice indicating where documents can be
[]Y[] N
examined is posted [19.11,21.6]
C. Other posting and labeling per [20.1902, 1904] and the license.

is not exempted by [20.1903, 1905]

[ ]Y [ ] N

Remarks:
12. RECORD KEEPING FOR DECOMMISSIONING (if needed)

[] N/A

A. Records of information important to the safe and effective
decommissioning of the facility maintained in an independent
[ ]Y [ ] N
and identifiable location until license termination
B. Records. include all information outlined in [40.36(f)]

[ ]Y [1] N

Remarks:
13. BULLETINS AND INFORMATION NOTICES
A. Receipt of NRC Bulletins, NRC Information Notices, NMSS
[ ]Y [] N
Newsletters, and so on
B. Appropriate action taken in response to Bulletins, Information
[ ]Y [] N
Notices, etc.
Remarks:
14. SPECIAL LICENSE CONDITIONS OR ISSUES

[] N/A

A. Review special license conditions or other issues, and describe findings:
B. Problems/deficiencies identified at licensee facilities other than at audit
location:
C. Evaluation of compliance:
15. CONTINUATION OF REPORT ITEMS
(If more space .is needed, use separate sheets and attach to report.)
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16. PROBLEMS OR DEFICIENCIES NOTED; RECOMMENDATIONS

[] N/A

Note: Briefly state (1) the requirement and (2) how and when violated. Provide
recommendations for improvement.
17. EVALUATION OF OTHER FACTORS
A. Senior licensee management is appropriately involved with
[ ]Y [] N
the radiation safety program and/or RSO oversight
B. RSO has sufficient time to perform his/her radiation safety

duties and is not too busy with other assignments

[ ] Y[] N

C. Licensee has sufficient staff
Remarks/recommendations:

'

[3] Y [ ] N
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20 Training

Before RCA entry, all personnel, except one-time visitors (see Section 2.6), will receive
and acknowledge training on the requirements of this RSP. The Garrison RSO will
conduct this training.

20.1 Frequency of Training
Personnel who enter an RCA will receive radiation safety training:
*
*
*

Before assuming duties that involve entry into an RCA
Whenever there is a' significant change in duties, regulations, or the. terms of the
license
Annually (refresher training)

20.2 Training Topics
The Garrison RSO will tailor training for personnel wanting to enter an RCA to be
commensurate with the type of work they will perform. These personnel are not
occupationally exposed to radiation and, so, only require a minimum of awareness and
familiarization training that will assure compliance with this RSP.

20.2.1 General Radiation Safety Topics
General RCA worker radiation safety training may include the following topics at the
discretion of the Garrison RSO:
* •Fundamentals of radiation safety
* Characteristics of radiation
* Units of radiation dose (rem) and radioactivity (curie)
* Significance of radiation dose
* Radiation safety standards
* Biological effects of radiation
* Levels of radiation from Sources of radiation.
* Methods of controlling radiation dose
o Time
o Distance
o Shielding
*Radiation safety practices, including prevention of contamination and methods of
decontamination
* Discussion of internal exposure pathways
* Radiation detection instrumentation to be used
* Radiation survey instruments
o Operation
o Calibration
o Maintenance
o Limitations
*Survey techniques
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*
*
•
*
*
*
*
*

Individual monitoring devices
Equipment to be used
Handling equipment and remote handling tools
Sources of radiation
Storage, control, disposal, and transport of equipment and sources of radiation
Requirements of pertinent federal and state regulations
Written operating, safety, and emergency procedures
Recordkeeping procedures

20.2.2 RCA-Specific Radiation Safety Topics
RCA-specific radiation safety training will include the following topics:
*
*
*
*
*
*
*
*
*
*

Provisions of this RSP
Radiological characteristics of DU and its biological effects
•
Estimates of expected total effective dose equivalents
.
Contamination control
Decontamination, techniques, methods, procedures and management practices
Worker rights and responsibilities
Emergency procedures for events such as personnel injury, fire, RCA
evacuation, lightning, and so on
.
Reporting of incidents
Stop work procedures
Special training and rights of declared pregnant workers

20.3 Training Documentation
The Garrison RSO will establish and maintain the following training documentation:
*
*
*
*

Attendance rosters that include each attendee's name, signature., and
organization for each class
The time, date, and location of the training for each class
The name of the instructor for each class
The lesson plans for the RCA-specific radiation safety training
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21 Recordkeeping
21.1 Garrison Documentation

The Garrison RSO will maintain the following documentation, which will be provided to
the License RSO in electronic form and, upon request, made available to the NRC:
* Minutes of Garrison Radiation Safety Committee meetings
* Records of radiation surveys, monitoring and disposal
* RCA-specific radiation safety training records
* Instrument inventory and calibration records
* RCA personnel entry logs to include reason for entry
* Notification of incidents
* Program audits
* Reports of overexposure and excessive levels and concentrations
* Notification and reports to individuals
* Any other records generated for the purposes of radiation safetydUring licensed
activities

21.2 Radioactive Material License Documentation
The License RSO will maintain a copy of each of the documents listed in Section 21 .1 in
license files.
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22 Emergency Planning

The Garrison RSO will provide radiation safety support to supporting emergency
medical personnel as necessary and upon request. The Garrison RSO will notify the
License RSO as soon as possible when an emergency occurs within an RCA.

22.1 General
Range control maintains emergency response standard operating procedures (SOP).
Information in that SOP includes:

* DIAL "911" for all emergencies.
*

Contact information for local emergency care (emergency room, ambulances,
etc.)

Army Medics are always present during training. Army air ambulances are available
when needed.

22.2 Radiological Emergencies
Although unlikely, significant acute ingestion or inhalation of DU-contaminated dust
could occur and is the only credible radiological emergency at the RCA. In such an
event, the worker will be evacuated to the local supporting military medical facility for
evaluation.

22.3 Non-Radiological Emergencies
Life-saving and limb-saving emergency treatments always take priority over all radiation
safety concerns, including decontamination. (Note that removal of outer clothing will
remove most surface contamination.)
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23 Standard Operating Procedures

The License RSO will produce and maintain the following SOPs for implementing this
RSP.
Section(s)
2.4.1
2.5.1 and
20
9, 11, and
15
11.1
12.1
12.3
17

Topic
License-specific training of the Garrison RSO
DU awareness and license requirement training for personnel who
enter an RCA
Exit monitoring
Training and verification of workers to perform instrument scanning
Description and general list of requirements necessary to ensure
adequate application of site-specific ERMPs
Calculation of Public Dose
Instrument use, maintenance, and calibration
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Attachment 3. Calculation of TEDE to Individual Likely to Receive
Highest Dose

Calculation of TEDE to Individual Likely to Receive Highest Dose
Title
10 CFR
§ 20.1302,
requires
a calculation
that thedoes
TEDE
the individual
likely
to receive
the20,
highest
dose from
the licensed
operations
nottoexceed
the annual
dose limit of 100 mrem [10 CFR 20, § 20.1301(a)(1)]. The columns in Table 2 of
Appendix B to 10 CFR 20, captioned "Effluents," "Air," and "Water," are applicable to
the assessment and control of dose to the public, particularly in the implementation of
the provisions of 10 CFR 20, § 20.1302. The concentration values given in Columns 1
and 2 of Table 2 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 50 mrem.
The effluent concentration limit for both 235 U and 2 38U is 6 x 10Q-14 pCi/mL = 0.06 pCi/m 3 .
The effluent concentration limit for 2 34 U is 5 X 10Q-14 IJCi/mL = 0.05 pCi/in 3 .
Assume, for the purpose of the calculation, that:

* The DU is constantly in the atmosphere exiting the RCA for I y = 31,557,600 s
("steady state").
The average annual wind speed is the RESRAD default of 2 m/s.
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 m

*
*
*

high by 1000 m wide or 5000 in2 .
* The activity abundances in DU of

234 U, 2 35 U, and 23 8U

percent, and 87.5 percent, respectively. 1

are 11 .4 percent, 1.1

Given:
*

The DU mass/MI01 round is 190g.
The specific activity of DU is 3.6 x 10-7 Ci/g = 3.6 x 105 pCi/g. 2

*

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.
Let the air concentration for isotope ibe and the air effluent limit be L,;. Then, the sum of
fractions at the effluent limit for the mixture o;f radionuclides is:
3.Lt1l
i=1

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.
I

2 Footnote

U-234

...

3 to Appendix B of 10 CER 20 says, "The specific activity for
shall be [3.6 x 10-7 Ci/g for depleted uranium]."

...

mixtures of U-238, U-235, and

Calculation of TEDE to Individual Likely to Receive Highest Dose
The total air volume yin which the DU leaves the RCA is:
V = 2 rn/s x 5000

mn2

x 31,557,600 s - 3.16 x 10 1 1 m 3

Let A, be the activity of radionuclide I. Then CG= A,!/Vand the sum of fractions becomes
3

--= V = 3.16 x 10 1 1 1Tn3

L=1

Let Nbe the number of M101 rounds aerosolized. Using the relative abundance R,.for
radionuclide I, then
A = NR x 190 g x3.6 x10s pCi/g =NR x 6.84 x10 7 pCi
The sum of fractions becomes
3•
i3.16 x 1011 m3
N..JL= 6.84 x107 pCi = 4614 m3 /pCi
This equation shows that NiS proportional to V which in turn is proportional to the
average annual wind speed.
Now
3R

•Z=.JL 1

0.1

0.7+0.1

0.06 pCi/m 3 +0.05 pCi/m 3 =17m/i

Solving for N:"
4614

S= •=
17

271

That is, we would have to aerosolize and blow away the dust equivalent of about 271
M1 01 rounds per RCA in a single year to be at the effluent limit for a typical RCA. 3 At
the effluent limit and at the boundary of a typical RCA, the individual likely to receive the
highest dose from licensed operations would receive 50 mrem in a year.
The only other source of dose to the individual likely to receive the highest dose from
licensed operations is due to external exposure from DU gamma rays. From RESRAD
calculations provided in the license amendment application, the highest annual external
dose from DU-contaminated soil was less than about 0.03 mrem.

3 The Hawaii RCAs have a larger perimeter than a typical RCA, so even more M101 rounds would be
required.
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Fort Benning has the greatest number of M101 rounds, 9700, according to Archive
Search Reports. However, eight ranges contain these rounds, distributed in an
unknown manner among them. It is likely that the RCA with the greatest number of
M101 rounds is the single RCA at Fort Bragg with 4212 M101 rounds.
We have no reason to believe that the number of HE rounds fired at any RCA over the
last 50 years has varied a great deal. So if a sustained rate of fire over 50 years
aerosolized 271 MI01 rounds per year, it would have taken at most 4212/271 = 15.5
years to completely aerosolize the rounds at Fort Bragg and less time anywhere else.
These calculations indicate that it is highly unlikely than the individual likely to receive
the highest dose from licensed operations can ever exceed the annual dose limit.
Alternatively, if one believes that the Army indeed aerosolized more than 271 M101
rOunds per year at a site, no DU would remain at that site today, and hence no one
:would receive any dose from DU on the Army ranges.
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 anyone exceeding the annual dose
limit is even more highly improbable.
We have been unable to detect DU in any air samples taken at Schofield Barracks. The
minimum detectable concentrations were well below the NRC's limits for air effluent
concentrations. Hence, we estimate that the TEDE from DU in air is well below the
NRC's annual dose limits.
This leaves our calculated annual TEDE to the individual likely to receive highest dose
at less than 0.03 mrem.
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How the Army Determined the MiliDU RCAs

How the Army Determined the MI01 DU RCAs1
The Davy Crockett Project Archive Search Report (ASR) describes and documents the
effort to identify ranges at US Army installations and training centers on which the
Cartridge, 20 millimeter (mm) Spotting M1 01 for the Davy Crockett Light Weapon M28
was fired.
The M28 was a 120mm recoilless rifle with a maximum range of 2,000 meters. The M28
used the Cartridge, 20mm Spotting MI01. The Cartridge, 20mm Spotting M101 was
used for target spotting for the supercaliber projectiles fired by the Light Weapon M28.
The M'I01 cartridge consisted of a body manufactured from 0-38 uranium alloy
(depleted uranium).
The Army developed the Davy Crockett Weapon System in the late 1950s and fielded it
in the early I1960s. By June 1968, the Department of the Army inactivated the Davy
Crockett M28 units. Resident training of Military Occupational Specialty 1 1C3N, Davy
Crockett Gunner at the United States Army Infantry School at Fort Benning ended.
Documentation of relevant information, findings, and conclusions for the installations
and training centers where the Army used the Cartridge, 20mm Spotting M101 consists
of a Davy Crockett Project ASR and separate. Installation Specific ASRs.
A team from the US Army Corps of Engineers, St Louis District, identified and
investigated 53 suspect locations within CON US, Alaska, Hawaii, Puerto Rico, and
Guam. The team estimated that the Army fired Cartridge, 20mm Spotting M1 01 and/or
the practice version, the Cartridge, 20mm Target Practice M106 on ranges at 22 Army
installations within CONUS, Hawaii, and Alaska. These 22 physically separated
installations are:
Aberdeen Proving Ground 2
Fort Campbell
Fort Gordon
Fort Hunter Liggett
Fort Lewis5

1

Fort
Fort
Fort
Fort
Fort

Benning
Carson
Greely 4
Jackson
Polk

Fort
Fort
Fort
Fort
Fort

Bragg
Dix 3
Hood
Knox
Riley

The text in this document is adapted from "Project Archive Search Report: Use of Cartridge, 20mm
Spotting Ml101 Davy Crockett Light Weapon M28 on US Army Installations," US Army Corps of
Engineers, St Louis. District (January 2008; revised, June 2011), and from installation-specific annexes
thereto.
2 AbrenProving Ground possesses a current NRC source materials license. It will not be part of NRC
license number SUC-1 593.
3 Fort Dix is now part of Joint Base .McGuire-Dix-Lakehurst.
4 Adiitainof
the site at Fort Greely is now under Fort Wainwright. The Army now calls the site the
Donnelly Training Area, Fort Wainwright.
5 Fort Lewis is now part of Joint Base Lewis-McChord.
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Fort Sill
Schofield Barracks
Yuma Test Site 8

Frankford Arsenal 67
Springfield Armory

Pohakuloa Training Area
Yakima Training Center

Schofield Barracks and the Pohakuloa Training Center in Hawaii are physically
separated installations; however, they are discussed in one ASR. Fort Lewis and the
Yakima Training Center are physically separated installations; however, they are
discussed in one ASR. Fort Dix and the Frankford Arsenal are physically separated
installations; however, they are discussed in one ASR.
The team found no evidence that the Cartridge, 20mm Spotting M0iO was fired at the
following 31 installations.
Camp Hale
Camp Swift
Fort Bliss
Fort Chafee
Fort Indiantown Gap
Fort Leonard Wood
Fort Meade
Fort Pickett
Fort Wainwright
Nevada Test Site 9
Watervliet Arsenal

Camp McCrady
Fort A. P. Hill
Fort Bonneville
Fort Devens
Fort Irwin
Fort MacArthur
Fort Myers
Fort Richardson
Fort Wolters
Salinas Range

Camp Roberts
Fort Belvoir
Fort Buchanan
Fort Drum
Fort Lee
Fort McCoy
Fort Ord
Fort Stewart
Guam
Watertown Arsenal

Eleven criteria were established to determine and verify the use of the Cartridge, 20mm
Spotting M101 during training at specific installations. These criteria are:

SThe Army decommissioned Frankford Arsenal in accordance with NRC regulations. It will not be part of
NRC license number SUC-1 593.
7 The Army transferred ownership of Springfield Armory to the National Park Service in 1968. It is now
the Springfield Armory National Historic Site. As of 2011, ,the 35 acres behind the Springfield Armory (and
several of its former buildings) house Springfield Technical Community College. A dozen insPectors with
the Massachusetts Department of Public Health's Radiation Control Program spent two days conducting
a radiological survey at several sites that were either part of the armory or used by the Federal facility
prior to its closing in 1968. They found no traces of depleted uranium during a two-day search.
("Inspection of former Springfield Armory properties finds no evidence of depleted uranium,"
.http://www.masslive.com/news/index.ssf/201 1/03/inspection of former sprinqfie.html) The former
Springfield Armory will not be part of NRC license number SUC-1593.
SThe Yuma Test Site possesses a current NRC source materials license. It will not be part of NRC
license number SUC-1 593.
SThe Nevada Test Site (now. called the Nevada National Security Site) is the only location at which test of
the Davy Crockett 279mm nuclear projectile was conducted. In that test, the Heavy Weapon M29 was
used (M29 used a 37mam spotting round that was not manufactured from depleted uranium), the Nevada
Test Site was determined to not warrant further investigation. Accordingly, an installation-specific ASR for
the Nevada Test Site was not written.
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1) Was a unit garrisoned or trained at the installation that was authorized to field
the Davy Crockett weapon by a Table of Organization and Equipment (TO&E)?
2) Was the authorized unit at the installation during target time frame (196 11968)?
3) *Were M28s and/or M29s issued to units garrisoned at the installation?
4) Were M101 20mm rounds recorded on Form DD 550 shipped to the installation?
5) Were M415 or M466 37mm rounds shipped to the installation?
6) Did any historic textual information document usage?
7) Did any historical still photographs or moving pictures information exist?
8) Were there any "Davy Crockett" ranges identified on range maps?
9) Were any of the ranges on the installation capable of meeting the surface
danger area and security requirements of the Davy Crockett weapon system?
10) Was there any relevant information from personnel interviews?
11) Was Davy Crockett ammunition debris found during the range inspection?
Relevant findings for an installation were compiled and evaluated against these eleven
criteria to determine which, if any, of the criteria were met. The criterion most heavily
weighted is Criterion No. 11. Based on this evaluation process, the team made
conclusions pertaining to the use of Cartridge, 20mm Spotting M1 01 at an installation
and determined the degree of confidence placed on the conclusions.
The following are summaries from installation-specific ASRs:
Donnelly Training Area, Fort Wainwright AK
The Davy Crockett Weapon System was tested at Fort Greely. However, only
M29 Heavy Weapon has been documented to have been fired at Fort Greely. A
conclusive determination as to the use of the M1 01 spotting round at Fort Greely
cannot be made from recovered information.
Rationale: No evidence was found that documents the use of the Davy Crockett
Light Weapon M28 and the Cartridge, 20mm Spotting Ml101 at Fort Greely.
However, it has been documented that the M29 Heavy Weapon was tested at
Fort Greely. Considering that the Davy Crockett Weapon System consisted of
both the M28 Light Weapon and the M29 Heavy Weapon, it is highly probable
that the M28 was in fact tested at Fort Greely and that documentation to support
this fact either was not found or has been destroyed.
One range was confirmed to have been used for tests of the Davy Crockett
Weapon System; the Davy Crockett Range, currently known as the Georgia
Range. A determination as to the presence or absence of Davy Crockett
Weapon System components or ammunition debris could not be made from
collected information and the range inspection.
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Although the conclusions reached above are inconclusive with regard to the use
of the Cartridge, 20mm Spotting MI01 at Fort Greely, the degree of confidence in
the basis for the above conclusions remains HIGH. 10
Fort Benning GA
The Davy Crockett Weapon System was fired at Fort Benning, Georgia. A total.
of 9,700 Cartridges, 20mm Spotting M101 were shipped to Fort Benning and
used during testing, training, and demonstrations. Discovery of Davy Crockett
launching pistons confirm that the MI01 cartridge was fired at Coolidge Range
and Brann Range. Additionally, the M101 cartridge could possibly have been
fired/or demilitarized at the six other ranges, listed above [Hook Range,
Buchanan Range, Lae Field, Burma Hill (aka Buma Hill), Demolition Concord
Dud Area, and Patton Range]. Information collected was not adequate to make
a determination at Cactus OP. The degree of confidence in the above
conclusions is HIGH.
Fort Bragg NC
The Davy Crockett Weapon System was fielded and fired at Fort Bragg, North
Carolina. Although no direct shipments of 20mm cartridges to Fort Bragg were
identified, a total of 17,183 Cartridges, 20mm Spotting Mi101 was shipped to
Letterkenny Ordnance Depot, Pennsylvania. It is assumed that 20mm cartridges
fired at Fort Bragg were drawn from this depot. Findings indicate that the
cartridges were fired from the OP-5 area into the Coleman Impact Area and
possibly from several other firing points into the McPherson Impact Area.
Although remnants of the Davy Crockett weapon system were not found at Fort
Bragg, the degree of confidence in the above conclusions is HIGH.
Fort Campbell KY
The Davy Crockett Weapon System was fielded and fired at Fort Campbell,
Kentucky. A direct shipment of 681 Cartridges, 20mm' Spotting Ml101 to Fort
Campbell was made in April 1962. The Davy Crockett weapon was fired from
the OP-2/OP-3 area into the South Impact Area. 11 Although possible, it is not
probable that the 20mm M1 01 cartridge was also fired into the North Impact
Area. It is not probable that the 20mm cartridge was fired into the Small Arms
Impact Area.
The degree of confidence in the above conclusions is HIGH.

10 A 1962 Lake City Army Ammunition Plant document (not available to the investigation team) said that
39.0 pounds of DU "in the form of finished XM101 cartridges' were at Fort Greely. This is equivalent to~
17.7 kg DU or about 93 M101 spotting rounds.

11

Fort Campbell straddles the Kentucky-Tennessee border and has a Kentucky address. However, the

South Impact Area is in Tennessee.
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Fort Carson CO
The Davy Crockett weapon system was fielded and fired at Fort Carson,
Colorado. Although no direct shipments of 20mm cartridges to Fort Carson were
identified, a total of 24,065 Cartridges, 20mam Spotting MI01 were shipped to
Pueblo Ordnance Depot, Colorado. It is assumed that 20mm cartridges fired at
Fort Carson were drawn from this depot. Findings indicate that the cartridges
were fired at three ranges at Fort Carson. The degree of confidence in the above
conclusions is HIGH. 12
Fort Gordon GA
The Davy Crockett Weapon System was fielded and fired at Fort Gordon,
Georgia.
The Cart~ridge, 20mm Spotting M101 was fired at Range E.
The number of Cartridges, 20mm Spotting M101 fired at Fort Gordon was not
determined.
Minimal Davy Crockett weapon and/or Cartridges, 20mm Spotting M101 debris is
expected to be found on Range E at Fort Gordon.
Fort Hood TX
The Davy Crockett weapon system was fielded and fired at Fort Hood, Texas. A
total of 4,038 Cartridges, 20mm Spotting M101 were shipped to Fort Hood and
used during training. Findings indicate that the cartridges were fired only at the
Fort Hood "Davey Crockett" range. The degree of confidence in the above
conclusions is HIGH.
Fort Hunter Liggett CA
1) The Davy Crockett Weapon System (M28 and M29) was used during training
and fire power demonstrations at Fort Hunter Liggett.
2) The Cartridge, 20mm Spotting M101 was fired by soldiers training at Fort
Hunter Liggett.
3) The Cartridge, 20mm Spotting M101 was fired at any or all of three ranges at
Fort Hunter Liggett (Ranges C-8, B-I11, and B-I13) that could have safety
accommodated the Davy Crockett Weapon System.

12

In a separate document included with the license amendment application, the Army requests that the

NRC not establish the Titus and Sergeants Roads Target Zones/Impact Areas as an RCA for the
purposes of source material license number SUC-1 593. We also will prepare a similar document for the
Battalion Field Training Area at Fort Carson, which we now believe was a firing point and not a target
area. We will submit this latter document later.
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4) Minimal Cartridge, 20mm Spotting M101 debris is expected to be found on the
Fort Hunter Liggett ranges.
The degree of confidence in the above conclusions is HIGH.
Fort Jackson SC
1)The Davy Crockett Weapon System (M28 and M29) was fielded at Fort
Jackson.
2) The Davy Crockett Weapon System was fired during demonstrations for
soldiers undergoing basic training and during AlT at Fort Jackson.
3) An undetermined number of Cartridges, 20mm Spotting M101 was fired at the
inactive Range 62 (former Mortar Range #4).
4) Minimal Davy Crockett weapon and 20mm spotting rounds debris is expected
to be found on Range 62.
The degree of confidence in the above conclusions is HIGH.
Fort Knox KY
The Davy Crockett Weapon System was fielded and fired at Fort Knox,
Kentucky. A direct shipment of 3,956 Cartridges, 20mm Spotting M101 to Fort
Knox was made in 1961. The Davy Crockett weapon was fired at the Arms Knob
and O'Brien Ranges. Davy Crockett ammunition debris could be present on the
ranges.
The degree of confidence in the above conclusions is HIGH.
Fort Polk LA
The Davy Crockett M28 Light Weapon System and the Cartridge, 20mm Spotting
MI01 were used and fired during training at Fort Polk. The 20mm spotting round
was confirmed to have been fired at Range 33 and possibly at Range 34A.
The Cartridge, 20mm Spotting M101 was fired at Fort Polk not by a TO&E
augmentation of a Davy Crockett section to an infantry, armored, or airborne
division, but by garrison units conducting Advanced Individual Training (Infantry)
at the installation's infantry training center.
Davy Crockett munitions remnants could still remain on the Fort Polk impact
areas.
The degree of Confidence in the above conclusions is HIGH.
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Fort Riiey KS
The Davy Crockett Weapon System was fielded and fired at Fort Riley. The
following facts support this conclusion:
A shipment of 105 Cartridges, 20mm Spotting M101 was sent to Fort Riley as
recorded on DD Form 550 (obsolete). Fourteen Light Weapons M28 were issued
to Fort Riley units as documented on a serial number inventory of weapons.
Cartridge, 20mm Spotting M1 01 was confirmed as fired at Range 29 by a Fort
Riley Post newsletter article. A 1963 map specifically identifies a Davy Crockett
Range (former Range 27B). The Davy Crockett was possibly used on Range
Series 18 and 19 during demonstrations and recoilless rifle firing.
The degree of confidence in the above conclusions is HIGH.
Fort Sill OK
The Davy Crockett Weapon System was fielded and fired at Fort Sill, Oklahoma.
The Cartridge, 20mm Spotting M101 was fired at Range FP 182 into the West
Range Impact Area. The number of M1 01 cartridges fired at Fort Sill was not
determined.
Minimal Davy Crockett weapon and/or Cartridges, 20mm Spotting MI01 debris is
expected to be found in the FP 182 range area at Fort Sill.
The degree of confidence in the above conclusions is HIGH.
Joint Base Lewis-McChord/Yakima Training Center WA
The Davy Crockett Weapon System was fielded and fired at Fort Lewis and at
the YTC. A direct shipment of 1,756 Cartridges, 20mm Spotting M101 went to
Fort Lewis. The MI01 spotting round was fired at Range 52 and at OP-8/9
Demonstration Area at Fort Lewis. The 20mm.spotting round was also fired at
the Yakima Training Center, possibly at Ranges 14, 17, and/or 20. M101 20mm
spotting rounds debris could be present on both the Fort Lewis and Yakima
Training Center ranges.
The degree of confidence in the above conclusions is HIGH.
Joint Base McGuire-Dix-Lakehurst NJ
The Cartridge, 20mm Spotting M101 and/or the XM101 (experimental version of
M101) was fired at Fort Dix.
Frankford Arsenal, Pennsylvania conducted ballistic tests of the Cartridge, 20mm
Spotting M101 at Fort Dix at the Frankford Arsenal Range.
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Frankford Arsenal prototyped the XM101 20mm spotting round at its
Pennsylvania facility and tested the 20mm spotting rounds at Fort Dix.
Less than 50 Cartridges, 20mm Spotting M1 01 were fired at Fort Dix. The
amount of additional XM1 01 20mm cartridges potentially fired at Fort Dix could
not be determined.
Minimal Davy Crockett weapon and/or M101/XM101 20mm spotting rounds
debris is expected to be found on the Frankford Arsenal Range at Fort Dix.,
The degree of confidence in the above conclusions is HIGH
Schofield Barracks/Pohakuloa Training Area HI
A total of 714 Cartridges, 20mm Spotting M101 were confirmed to have been
shipped to Hawaii. No evidence has been found that addition rounds were
requisitioned or shipped to Hawaii.

Evaluation of information gathered confirms that the Cartridge, 20mm Spotting
M101 was fired at one range on Schofield Barracks and at three ranges at PTA
on the Big Island of Hawaii. These ranges were confirmed by the discovery of
Davy Crockett ammunition debris on the range impact areas. The spent
ammunitions debris consisted of M101 20mm spotting round tailfins and 279mm
practice round fragments. A launching piston was found at the Schofield
Barracks Firing Range.
The latest version of the document "MI01 Impact Areas" is included together with this
document. It consists of maps of all M1 01 impact areas.
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