From: Snyder, Amy

To: Snyder, Amy

Subject: FW: follow up question to your email dated September 21, 2018 (NRC License SUC-1593)
Date: Tuesday, October 16, 2018 11:43:58 AM

Attachments: June 1 2017 LAR from Army.pdf

From: Browder, Rachel

Sent: Wednesday, October 10, 2018 11:58 AM

To: Snyder, Amy <Amy.Snyder@nrc.gov>

Subject: FW: follow up question to your email dated September 21, 2018 (NRC License SUC-1593)

From: Browder, Rachel

Sent: Tuesday, October 09, 2018 1:31 PM

To: 'Michael Reimer' <geomike5@att.net>

Subject: RE: follow up question to your email dated September 21, 2018 (NRC License SUC-1593)

Dr. Reimer,

I have been out of the office and just received your email today. | have one clarification
question regarding your statement that the sample location at Pohakuloa Training Area
(PTA) in Hawaii has been changed. Are you stating that the sample location is different
from what the licensee submitted to the NRC in license amendment request dated June 1,
2017 (ML17158B356), attached?

Or, are you making the statement that the sample location submitted in the license
amendment request dated June 1, 2017, is different from the original sample location at
PTA, which the NRC approved on the license. If so, then the location is different and the
NRC will review the suitability of the proposed change of the newly requested sample
location at PTA as part of the license amendment request process.

Rachel . Browder, CIHSP

Sr. Health Physicist

US NRC, Region IV

1600 East Lamar Blvd.
Arlington, TX 76011-4511
Work: 817-200-1452
Cell: 817-946-4812

Main: 817.860.8100

From: Michael Reimer [mailto:geomike5@att.net]
Sent: Friday, September 21, 2018 1:12 PM

To: Browder, Rachel <Rachel.Browder@nrc.gov>
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DEPARTMENT OF THE ARMY
US ARMY INSTALLATION MANAGEMENT COMMAND .
2405 GUN SHED ROAD
JOINT BASE SAN ANTONIO FORT SAM HOUSTON, TX 78234-1223

REPLY TO
ATTENTION OF

June 1, 2017

ATTN: Document Control Desk

Deputy Director, Division of Decommissioning, Uranium Recovery and Waste Programs
Office of Nuclear Material Safety and Safeguards

Mailstop T8 F5

US Nuclear Regulatory Commission

Washington, DC 20555-0001

Dear Deputy Director:

We are requesting an amendment to US Nuclear Regulatory Commission License
Number SUC-1593 (docket number 040-9083) to replace three annexes to the
Environmental Radiation Monitoring Plan. The licenses includes by reference the
following three documents:

e “Site-Specific Environmental Radiation Monitoring Plan Fort Polk Louisiana
Annex 11,” dated September 2016

o ‘“Site-Specific Environmental Radiation Monitoring Plan Fort Riley, Kansas
Annex 12,” dated September 2016

o “Site-Specific Environmental Radiation Monitoring Plan Pohakuloa Training
Area, Hawaii Annex 17,” dated September 2016

Figure 1-2 in each of the above annexes is incorrect. Apparently, when these figures

were resized during editing, locations shown in the figures were not scaled properly to
match the resizing. | enclose the corrected versions (only figure 1-2 in each annex is

changed) of these annexes to replace the above three annexes as follows:

e “Site-Specific Environmental Radiation Monitoring Plan Fort Polk Louisiana
Annex 11,” dated May 2017

e “Site-Specific Enwronmental Radiation Monltorlng Plan Fort Riley, Kansas
Annex 12,” dated May 2017

e “Site-Specific Environmental Radiation Monitoring Plan Pohakuloa Training
Area, Hawaii Annex 17,” dated April 2017

In addition, for the purpose of efficiency, we are requesting an amendment to the
license that will allow us to make minor changes to any annex when we discover minor
errors similar to the above. The amendment should allow us to make such changes
and require us to inform you of such changes without requiring us to submit a request to
amend the license (as we are doing with this letter).






Thank you for your consideration. If you have any questions concerning this letter,
please contact me by telephone at (210) 466-0368 or by email at
robert.n.cherry.civ@mail.mil.

Sincerely,
CHERRY.ROBE: cismyaceminnos7sz6231

.. DN: c=US, 0=U.S. Government,

RT.NJR.1 0976"'0\;:000, ou=PKI, ou=USA,

) /‘M;n:G{-jEERY.ROBERT.NJRJ 097626
2623 1 ;{/ ézle: 201‘7.06.01 15:35:57 -05'00'
Robert N. Cherry
License Radiation Safety Officer

Enclosures





‘REVISED FINAL

SITE-SPECIFIC ENVIRONMENTAL RADIATION MONITORING PLAN
FORT POLK, LOUISIANA
ANNEX 11

FOR MATERIALS LICENSE SUC-1593, DOCKET NO. 040-09083

May 2017

Submitted By:

U.S. ARMY INSTALLATION MANAGEMENT COMMAND
ATTN: IMSO, Building 2261 , ' '
2405 Gun Shed Road, Fort Sam Houston, Texas 78234-1223

Submitted To:

U.S. NUCLEAR REGULATORY COMMISSION
Office of Nuclear Material Safety and Safeguards
11545 Rockville Pike, Two White Flint North, Rockville, Maryland 20852-2738
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1.0 INTRODUCTION

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

1.1 . PURPOSE

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

Table 1-1. Recommended ERM Sample Location

Sample Frequency

Sample Media

Sample Location

Co-located surface water and - Surface water and sediment based

sediment samples downstream
(SWS-04) from the Range 33 and
Range 34A RCAs, as shown in
Figure 1-2 based on the rationale
presented in Section 2.1

on the programmatic rationale
presented in the PAERMP and
site-specific details presented in
Section 2

Quarterly unless prevented by
weather (e.g., regional flooding)

1.2 INSTALLATION BACKGROUND

Fort Polk is located in western Louisiana, approximately 3 miles southeast of the town of
Leesville and approximately 35 miles southwest of the city of Alexandria in Vernon Parish, Louisiana
(Figure 1-1). The installation was established in 1941 as Camp Polk and provided training for soldiers
during World War II (WWII). After WW 11, the installation went through a series of deactivations and
reactivations revolving around international crises. Camp Polk was renamed Fort Polk in November 1955
and was activated as a permanent installation in 1961. In 1993, Fort Polk became the home of the Joint
Readiness Training Center, which remains the primary tenant today.

The operational range footprint at Fort Polk includes a total of 156 ranges encompassing 150,121
acres. Ownership of the main post, as indicated by the installation boundary, is divided into two portions.
In general, the northern portion of the main post is owned by the U.S. Army while the southern portion,
referred to as the Intensive Use Area (IUA), is owned by the U.S. Forest Service. In addition, operational
ranges are included within the Limited Use Area (LUA) and the Special Limited Use Area [SLUA],
which are owned by the U.S. Forest Service (EA 2013).
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An Archives Search Report (ASR) (USACE 2008) confirmed the presence of two ranges where
the Davy Crockett weapons systems were used at Fort Polk. Ranges 33 and 34A or the radiation control -
areas (RCAs) consist of 247 and 242 acres, respectively (Figure 1-2).

1.3 'HISTORICAL INFORMATION

The M101 spotting round contains DU, which was a component of the 1960s-era Davy Crockett
weapons. system. Used for targeting accuracy, the M101 spotting rounds emitted white smoke upon
impact. The rounds remained intact or mostly intact on or near the surface following impact and did not
explode. Remnants of the tail assemblies potentially may remain at each installation where the U.S.
Army trained with the Davy Crockett weapons system from 1960 to 1968. These installations include
Fort Benning, Fort Bragg, Fort Campbell, Fort Carson, Fort Gordon, Fort Hood, Fort Hunter Liggett, Fort
Jackson, Fort Knox, Fort Polk, Fort Riley, Fort Sill, Fort Wainwright (includes Donnelly Training Area
[TA]), Joint Base Lewis-McChord (Fort Lewis and Yakima TA), Joint Base McGuire-Dix-Lakehurst
(Frankford Arsenal Range), Schofield Barracks Military Reservation, and Pohakuloa TA.

The U.S. Army does not know if any cleanup or retrieval of these rounds or remnants has
occurred at Ranges 33 and 34A; therefore, the U.S. Army assumes that most, if not all, of the 370
kilograms (kg) of DU from the rounds fired remains in the RCA.

1.4 PHYSICAL ENVIRONMENT

Fort Polk is located on the West Gulf Coastal Plain section of the Coastal Plain Physiographic
Province. The terrain is characterized by flat to gently rolling plains in the southern portion of the
installation and gently rolling to rolling plains across the remainder of the installation.

The operational range area on Fort Polk is drained by seven sub-watersheds: Anacoco Bayou,
Calcasieu River, Bundick Creek, Whiskey Chitto Creek, Sixmile Creek, Tenmile Creek, and Kisatchie
Bayou. The installation is located on a topographic high where nearly all streams originate on-range and
flow off-installation in a radial pattern. Streams generally flow in a southerly direction and eventually
empty into the Gulf of Mexico.

The Dudded Impact Area is drained to the south-southeast by West Fork Sixmile Creek and East
Fork Sixmile Creek within the Sixmile Creek sub-watershed. However, only West Fork Sixmile Creek
drains areas of the Dudded Impact Area associated with historical DU usage (i.e., Ranges 33 and 34A)
(Figure 1-2).

Fort Polk is underlain by three aquifers (alluvial, Chicot, and Evangeline) that are further
underlain by the Castor Creek confining unit. The Chicot and Evangeline aquifers serve as a primary
source of drinking water in the vicinity of the installation and the Chicot aquifer.is designated as a sole-
source aquifer. The depth to water in the surficial unconfined aquifers ranges from 10 to 30 feet below
ground surface (bgs). Locally, groundwater flow is generally to the southeast and reflects the dip
- direction of the geologic units, which varies from 50 to 70 feet per mile near the outcrop and may
discharge to local surface water off-range. Depth to water increases significantly down-dip.
Groundwater within the Chicot aquifer is generally encountered at 30 to 40 feet bgs in supply wells
located on the Cantonment Area.

Revised Final Site-Specific ERMP 1-3 _ ' May 2017
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The transport of DU can be potentially completed along the identified pathways to human and/or
ecological receptors. Specific details regarding the potential receptors for the Range 33 and 34A RCAs at
Fort Polk are as follows:

o Surface Water Use—No known use of surface water exists for consumption of drinking
water downstream from Fort Polk.

® Recreational Use—Potential interaction with surface water and sediment is possible via
recreational activities such as fishing and swimming within 15 miles downstream from the
installation.  During the Operational Range Assessment Program (ORAP) Phase II
assessment, calculation of uranium activity ratios in surface water and sediment concluded
that the detected isotopes originated from naturally occurring sources and are not attributable
to DU containing munitions used at the installation (EA 2013).

® Sensitive Environments—Sensitive environments downstream from Fort Polk include
riparian and wetland areas, the Kisatchie National Forest, and scenic rivers.

e Habitat—The presence of wetland areas, the Kisatchie National Forest, and scenic rivers
provides the potential habitat for federally and state-listed species with a full aquatic
developmental life-cycle (e.g., Kisatchie stream crayfish, southern creek mussel, and
Louisiana pigtoe).

e Ecological Receptors—The Dudded Impact Area (including the Range 33 and 34A RCAs)
are drained by the West Fork Sixmile Creek, which includes off-range sensitive environments
(Sixmile Creek, Kisatchie National Forest, and wetland areas) and ecological receptors, such

1.5 EVALUATION OF POTENTIAL SOURCE-RECEPTOR INTERACTIONS
|
|
|
*
} as the Kisatchie stream crayfish, southern creek mussel, and Louisiana pigtoe.

e  Groundwater Use—Groundwater is used for public and private drinking water supply within
4 miles downgradient from the installation boundary. There are numerous wells
downgradient from the installation’s southern boundary that access water from the Chicot and
Evangeline aquifers. However, the Dudded Impact Area including the RCAs does not have
any downgradient well receptors within 4 miles (EA 2013).

In summary, potential human receptors include those within the Fort Polk area and Vernon Parish
relying on potential public and private water wells outside the 4-mile distance downgradient from the
RCAs. Ecological receptors include sensitive environments, such as Sixmile Creek, Kisatchie National
Forest, and wetland areas.

-
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2.0 ERMP SAMPLE DESIGN

The PAERMP documented the conditions (i.e., “if-then” statements) for the sampling of each
environmental medium to be used during the development of the Site-Specific ERMPs, and only
- environmental media recommended for sampling in the PAERMP are presented in the sections below.
Per the PAERMP, no sampling will occur within the RCAs or in unexploded ordnance (UXO) areas (also
referred to as Dudded Impact Areas). In addition, background/reference sampling is not required because
the determination of DU presence will be based on an examination of the isotopic uranium ratios. The
sampling approach and rationale for each medium for the RCAs (Ranges 33 and 34A) at Fort Polk are
discussed in the following sections.

2.1 SURFACE WATER AND SEDIMENT

The surface water and sediment sampling approach will involve the quarterly collection of one
collocated sample from a location downstream from the RCAs at Fort Polk (Figure 1-2) where surface
water flows throughout the year. If surface water is not flowing when a quarterly sampling event is
planned (e.g., dry stream) or when sampling is too dangerous (e.g., rapid flow during flooding), no
surface water samples will be collected during that event. Sediment samples will be collected on a
quarterly basis unless sediment is inaccessible when a quarterly sampling event is planned (e.g.,
flooding).

The surface water and sediment sampling location was selected based on the surface water
hydrology and potential for DU contribution and is located as follows:

o SWS-04—The selected perennial sampling point is located on the West Fork Sixmile Creek,

downstream from Ranges 33 and 34A at the installation’s southern boundary. This sample

. location allows for relatively easy access, and site conditions are similar to previous surface

water sampling locations at Fort Polk. The stream channel at the SWS-04 location is
approximately 20 feet wide.

Additional locations were sampled during the ORAP Phase II assessment (Figure 1-2). These
locations were not selected for evaluation of the Fort Polk RCAs based on the surface water hydrology
and potential for DU contribution, and are located as follows:

o SWS-03 and SWS-05—While these locations are also generally downgradient from the
RCAs, neither location is part of the sub-watershed that captures surface water flow from the
RCAs and discharges into the West Fork Sixmile Creek. SWS-03 is located on Birds Creek,
which is part of the Whiskey Chitto Creek watershed, and SWS-05 is located on the East
Fork Sixmile Creek sub-watershed.

e SWS-09—This location is farther south of SWS-04 and was used as a reference sample
location during the ORAP Phase II assessment as it is not influenced by runoff from the
RCAs. Furthermore, as discussed above, background/reference sampling is not required
under this Site-Specific ERMP. :

Surface water and sediment samples will be analyzed for total/isotopic uranium using U.S.
Department of Energy (DOE) Health and Safety Laboratory (HASL) method 300 (alpha spectrometry).
Further details on analytical procedures and quality assurance/quality control (QA/QC) information are
presented in Annex 19. When analytical sampling results from locations outside the RCA indicate that
the uranium-238/uranium-234 (U-238/U-234) activity ratio exceeds 3.0, the U.S. Army will notify NRC
within 30 days and collect additional surface water and sediment samples within 30 days of the
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notification to NRC, unless prohibited by the absence of the sampling media. The analytical samples
displaying an activity ratio exceeding 3.0 will be reanalyzed using inductively coupled plasma-mass
spectroscopy (ICP-MS) for their U-234, uranium-235 (U-235), and U-238 content to calculate the U-235
weight percentage specified in 10 Code of Federal Regulations (CFR) § 110.2 (Definitions) and then to
determine if the sample results are indicative of totally natural uranium (at or about 0.711 weight percent
U-235) or DU mixed with natural uranium (obviously less than 0.711 weight percent U-235).

Surface water and sediment samples will be attempted to be collected quarterly. In the event that
the sampling location is dry when the field crew mobilizes to collect the samples, only a sediment sample
will be collected at that location. If surface water routinely flows from the RCA, sampling of the surface
water will occur every 3 months. If flow is intermittent, then sampling will occur during that flow, but no
less than 3 months apart.

The recommended downstream sampling location, SWS-04, for the environmental radiation
monitoring (ERM) and the reference location, SWS-09, were sampled during the ORAP Phase II
assessment in 2013 and analyzed for uranium for both surface water and sediment (EA 2013). The
U-238/U-234 activity ratios from the wet and dry season sampling events in 2012/2013 is presented in
Table 2-1.

Table 2-1. U-238/U-234 Activity Ratios for Surface Water and Sediment Samples in 2013

Number of Samples

Non-detect-1.42
Non-detect-0.87

Downstream (SWS-04) 3 _ 0.64-0.92
Reference (SWS-09) 3 ’ 0.76-1.77

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

2.2 GROUNDWATER

Groundwater samples collected during the ORAP Phase II quantitative assessment in 2013 were
not analyzed for radiological parameters (EA 2013). Presently, no groundwater monitoring wells are
located at or near the RCAs. Since surface water is known to recharge groundwater, any DU potentially
present in surface water that could impact groundwater will likely be detected through surface water and
sediment sampling. For these reasons and the additional rationale included in the PAERMP (U.S. Army
2015), groundwater sampling is not planned for Fort Polk.

2.3 SOIL

If an area of soil greater than 25 square meters (m?) eroded from an RCA is discovered during
routine operations and maintenance activities, the U.S. Army will sample that deposit semiannually with
one sample taken per 25 m® unless the soil erosion is located in a UXO area. The collection of ERM
samples in UXO areas generally will not occur. Exceptions will occur only with documented consultation
among the License Radiation Safety Officer (RSO), installation safety personnel, and range control
personnel, who will advise the Installation Commander (i.e., they will prepare a formal risk assessment in
accordance with U.S. Army [2014]). The Installation Commander will then decide whether to allow the

Revised Final Site-Specific ERMP 2-2 May 2017
Fort Polk, Louisiana






collection. Otherwise, Fort Polk does not meet any other criteria that would require soil sampling in
accordance with the PAERMP (U.S. Army 2015).

Prior to mobilization, field sampling personnel will contact Range Control, the Installation RSO,
or designee to determine if erosional areas within the RCA have been identified and, if so, sampled in
accordance with requirements in Section 3.0 and Annex 19.
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3.0 ERMP METHODOLOGY

The sampling and laboratory analysis procedures to be utilized during the ERM are described
below. These procedures provide additional details and required elements to support the Site-Specific
ERMP and must be utilized in conjunction with the standard operating procedure (SOPs) during
execution of ERM activities. This Site-Specific ERMP is to be used in conjunction with Annex 19, which
addresses programmatic requirements associated with ERM sampling, such as chain-of-custody (CoC),
packaging for shipment, shipping, collecting field QC samples (e.g., field duplicate samples), and
documenting potential variances from sampling procedures. Annex 19 has been prepared in accordance
with guidance from the Uniform Federal Policy for Quality Assurance Project Plan (UFP-QAPP)
Optimized Worksheets (IDQTF 2012). All entry to Fort Polk will be coordinated with the Fort Polk
Installation Safety Office and Range Control prior to mobilizing for fieldwork.

Only a laboratory that the U.S. Department of Defense (DoD) Environmental Laboratory
Accreditation Program (ELAP) has accredited for uranium analysis using both alpha spectrometry and
ICP-MS methods will perform radiochemical analyses for the purposes of NRC license compliance. The
U-238 to U-234 activity ratio and the weight percent U-235 are used to determine whether a given sample
is indicative of natural uranium or DU. The laboratory will use alpha spectrometry to analyze samples for
U-234 and U-238 activities in order to comply with license condition #17 in NRC SML SUC-1593. All
samples with U-238/U-234 activity ratios exceeding 3.0 will be reanalyzed using ICP-MS for their
U-234, U-235, and U-238 content to identify samples with DU content (NRC 2016). The ICP-MS results
for U-234, U-235, and U-238 are summed to calculate a total mass of uranium present, which will be used
to calculate the weight percentage of U-235 and then to determine if the sample results are indicative of -
totally natural uranium (at or about 0.711 weight percent U-235) or DU mixed with natural uranium
(obviously less than 0.711 weight percent U-235).  Additional details about the sampling and analysis to
support this Site-Specific ERMP are included in Annex 19.

3.1 SURFACE WATER SAMPLING

A surface water sample will be collected at SWS-04 and submitted for laboratory analysis. The
grab surface water sample will be collected using disposable equipment (e.g., tubing) or collected directly
into sample containers. Details of the surface water sampling and the associated field procedures are
provided in Annex 19.

Sampling activities, including documentation of the site conditions and the sample details, will be
included within the field logbook. Following the sampling, each location will be surveyed with a
differential global positioning system (DGPS) unit to identify the location with sub-meter accuracy and
documented in the field logbook. Digital photographs will be taken during the sampling.

Once the sample is collected, the sample and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.

3.2  SEDIMENT SAMPLING

The collection of the sediment sample will coincide with the surface water sampling activities and
consist of the compositing of at least 10 subsamples collected from various areas of the streambed.
Sediment samples will be collected in the shallow surface water locations from multiple braided channels
using a clean, disposable plastic scoop. Sampling locations within the stream beds should be selected
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where the surface water flow is low and/or deposition is most likely, such as bends in the creek as it
changes direction. The sediment sampling procedure is as follows:

1.

© @ N AW

The individual performing the sampling will don clean gloves and prepare a disposable tray
or sealable plastic bag and a plastic scoop.

Use a disposable scoop to remove the loose upper sediment uniformly from at least 10
subsample locations, starting downstream from the area to be sampled and moving upstream.
Do not exceed 3 centimeters in depth into the sediment. Collect a sufficient quantity of
sediment for QA/QC. '

Place sediment into a disposable tray or sealable plastic bag (e.g., Ziploc®).

Remove rocks, large pebbles, large twigs, leaves, or other debris.

Remove excess water from the sediment. This may require allowing the sample to settle.
Thoroughly mix (homogenize) the sediment within the disposable tray or bag.

Fill the appropriate sample containers.

Mark the sample location with a stake and log its coordinates using a DGPS unit.

Collect digital photographs and document data in the field logbook.

Additional details on the sediment sampling and the field procedures are provided in Annex 19.
Once samples are collected, the samples and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.
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4.0 RESRAD CALCULATIONS

This section documents the dose assessment results for a hypothetical residential farmer receptor
located on each RCA, as applicable, and for the same receptor scenario located at the nearest normally
occupied area, respectively. The dose assessments were completed to comply with license condition #19
of NRC SML SUC-1593.

The dose assessments were conducted using the Residual Radiation (RESRAD 7.2) (Yu et al.
2016a) and RESRAD-OFFSITE 3.2 (Yu et al. 2016b) default residential farmer scenario pathways and
parameters with the following exceptions: :

¢ Nuclide-specific soil concentrations for U-238, U-235, and U-234 were calculated for each
RCA by multiplying the entire mass of DU listed on the license for the installation (370 kg)
by the nuclide-specific mass abundance, the nuclide specific activity, and appropriate
conversion factors to obtain a total activity in picocuries (Table 4-1). That total activity was
then assumed to be distributed homogenously in the top 6 inches (15 cm) of soil located
within the area of the RCA.

Table 4-1. Specific Activity and Mass Abundance Values

Specific Activit Mass Abundance®
Nuclide Ci/g Yo
U-234 6.22 x 107 3.56 x 10
U-235 © 216 %10 0.0938
U-238 336 x 107 99.9058
Depleted uranium? 3.6 x 107 100

10 CFR 20, Appendix B, Footnote 3.

> Mass abundance calculations provided in Attachment 1.

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

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

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

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

Fort Polk
Default Ranges 33 and
Parameter Value REY-N Justification or Source
Internal Dose Library DC3F(l)’2A K FGR 11 & 12 Conservative dose coefficients for site contaminants
Contaminated Zone RS e
U-234 N/A 3.64 x 10

Site-specific calculation based on the DU mass listed in the NRC
Soil concentrations (pCi/g) U-235 N/A 3.33x 107 SML ="DU mass X nuclide specific mass abundance® x nuclide
specific activity® / (CZ area x CZ depth x CZ density)

U-238 N/A 0.55
Area of contaminated zone (m?) 10,000 1,000,000  |One square kilometer
Depth of contaminated zone (m) 2 0.15 NRC SML SUC-1593, Item 11, Attachment 5
Fraction of contamination that is submerged 0 0 - | Depth to groundwater is generally 10 to 30 ft bgs
Length parallel to aquifer flow (m) 100 1,000 Length of RCA is approximately 1,000 m
Contaminated zone total porosity 0.4 o RESRAD Manual Table E-8 (DOE 2001) for Fine Sand (Soil is

loamy fine sand from web soil survey)

Contaminated zone hydraulic conductivity

(mly) 10 4,930 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
Contaminated zone b parameter 5.3 4.38 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
Average annual wind speed (m/s) 2.0 6.5 www.usa.com for Fort Polk; LA
Precipitation rate (annual rainfall) (m/y) 1.0 1.5 www.usa.com for Fort Polk, LA
Saturated Zone ) L L . , o ) L
Saturated zone total porosity - 0.4 0.43 RESRAD Manual Table E-8 (DOE 2001) for Fine Sand
Saturated zone effective porosity 0.2 0.33 RESRAD Manual Table E-8 (DOE 2001) for Fine Sand
Saturated zone hydraulic conductivity (m/y) 100 4,930 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
Saturated zone b parameter 5.3 4.38 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
Unsaturated Zone : ’ ST e NS o L . SR
Unsaturated zone 1, total porosity - 0.4 043 - RESRAD Manual Table E-8 (DOE 2001) for Fine Sand
Unsaturated zone 1, effective porosity 0.2 0.33 RESRAD Manual Table E-8 (DOE 2001) for Fine Sand
Unsaturated zone 1, soil-specific b parameter 53 4.38 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
Hr'l‘/sy"‘)t“’ated zone 1, hydraulic conductivity 10 4,930 RESRAD Manual Table E.2 (DOE 2001) for Loamy Sand
®  See Table 4-1.
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Table 4-3. Non-Default RESRAD-OFFSITE Input Parameters for Fort Polk RCA

Distance to nearest normally occupied area (m) . 6,400

Bearing of X axis (degrees) : 0 (west)
X dimension of primary contamination (m) ' 1,000
Y dimension of primary contamination (m) 1,000

. X Coordinate (m) Y Coordinate (m)
Location

Smaller | Larger | Smaller Larger

Fruit, grain, non-leafy vegetables plot 500 531.25 7500 7532
Leafy vegetables plot 500 531.25 7534 7566
Pasture, silage growing area : | 500 600 7716 7816
Grain fields 500 600 7566 7666
Dwelling site 500 531.25 7400 7432
Surface-water body - 500 800 7816 8116
’Atmospheric Transport Parameter . - o o o "
Meteorological STAR file B LA_ALEXANDRIA. str
Groundwater Transport Parameter ' © B
Distance to well (parallel to aquifer flow) (m) 6,400
Distance to surface water body (SWB) (parallel to aquifer flow) (m) 6,816
Distance to well (perpendicular to aquifer flow) (m) 0
Distance to right edge of SWB (perpendicular to aquifer flow) (m) -150
Distance to left edge of SWB (perpendicular to aquifer flow) (m) 150
Anticlockwise angle from x axis to direction of aquifer flow 180
(degrees)

4.2 RESULTS

Table 4-4 presents the dose assessment results. Figure 4-1 presents graphs of the dose assessment
results over the evaluation period. The calculated site-specific ail pathway dose for each RCA evaluated
at Fort Polk does not exceed 1.0 x 10° milliSievert per year (mSv/y) (1.0 millirem per year [mrem/y])
total effective dose equivalent (TEDE) and meets license condition #19 of SML SUC-1593.

Table 4-4. RESRAD-Calculated Maximum Annual Doses for Resident Farmer Scenario

Offsite”
Onsite* (RESRAD) (RESRAD-OFFSITE)

Maximum Annual Dose (mrem/y)
Fort Polk Ranges 33 or 34A 6.4 x 107 42 %107

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

RESRAD and RESRAD-OFFSITE output reports for each RCA are provided on the compact
disk (CD).
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Figure 4-1. Residential Farmer Receptor Dose Graphs

Fort Polk Ranges 33 or 34A
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Attachment 1

Analysis of NRC’s Default Value for Depleted Uranium Specific Activity
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Analysis of NRC's Default Value for Depleted Uranium Specific Activity

Each of the values of the relative mass abundances for the naturally occurring uranium isotopes in the
legacy Davy Crockett depleted uranium on Army ranges helps determine the source terms for REsrAD
calculations, the performance of which is a license condition. This note shows how | estlmated them
using the NRC default value for the specific actlwty of depleted uranium.

The third footnote to the tables in Appendix B of Title 10, Code of Federal Regulations (CFR), Part 20,

“Standards for Protection Against Radiation,” says, “The specific activity for ... mixtures of U-238, U-235,
and U-234, if not known, shall be: SA = 3.6E-7 curies/gram U for U-depleted.” However, 10 CFR 20 does
not describe how the NRC arrived at that value and | have not been able to learn this from NRC sources.

In general, the following equation provides the specific activity for a mixture of the three naturally
occurring isotopes of uranium!;
S= Z Si a;
7

S is the specific activity of the mixture of naturally occurring uranium isotopes, §; is the specific activity
for uranium isotope i, a is the relative molar mass abundance for uranium isotope i in the depleted
uranium, and J denotes the uranium isotopes uranium-234 (*%U), **U and %V,

Rather than looking up each §; in a table, | calculated them from fundamental values to maximize
accuracy. By definition, the specific activity for a particular isotope § is the activity A; per mass m; for
the isotope 7. Also, by definition:

Ai= AN
J;is the decay constant and ; is the number of atoms of uranium isotope /in the sample with mass m;
Thus,
AN
§ =2
m;
A is related to the half-life &;as follows:
lnz :
t’bt

If N, is set to Avogadro’s number (V = 6.02 x 10%%),2 then, by definition, m;, is the mass of a mole of
isotope i, given by A4, which is the atomic weight of isotope i with assigned units of grams. So,

_N In2
by M;

1 Although contaminants, including 22°U, are possible, even likely, at levels less than parts per million, | am not
including contaminants in these calculations nor in the RESRAD calculations because of their negligible impact on
the results.

? In performing the calculations, | used all available significant digits in a spreadsheet. This note generally displays
only two or three significant digits in the equations. Minor discrepancles in calculated results are due to round-off.
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Analysis of NRC's Default Value for Depleted Uranium Specific Activity

Values of the relative molar mass abundances, the half-lives, and the atomic weights for the naturally
occurring uranium isotopes are available on a chart of the nuclides.® The following table contains data
used in calculations below:

Table — Isotopic Properties

Isotope Natural Relative Half-life | MolarMass |  Specific Activity®
Molar Mass Abundance (s) (g) (Bgg™) {Cig™)
za 0.000054 7.75 % 1012 234,04 2.30x10° | 6.22x 1073
35 0.007204 2.22 x 10'¢ 235.04 7.99%x10 | 216 x 10
58 '0.992742 1.41x 10Y 238,05 1,24 x 10% | 3.36x 1077
By definition:

1 = quass + auass + auaas

A second equation involves the ratio of au.234 to av.aas in depleted uranium. If aou.2 is the natural
relative mass abundance for *U and ap,y.23s similarly for 35U, then

Qy.234 = g,u-234Dy-234
Ay.235 = Qp,u-235Dy-235

Dy, is the depletion of 24U in depleted uranium and Dy.s similarly for 25U, with
0 (complete depletion) £ D, £ 1 (no depletion)
Kolafa®.estimated the depletion of *U relative to the depletion of 25U as follows:

Dyaza=(1—4e)"
Dy.235 = (1 —3&)"

¢ is the single stage enrichment efficiency per the difference of the uranium isotope atomic mass
number from the atomic:mass number of 2%U and is much less than one. nis the number of enrichment
stages.

For large n:

Dy.z3q = ™€
Dy.z35 = e73"¢

Eliminate the product n¢ by taking the loga fithm of both equations:

In Du_z34 = —=4ne
) In Dy.235 = —=3n¢

3 For example, see http://atom.kaeri.re.kr/nuchart/.
41 curie {Ci) = 3.7 x 10" becquerels (Bq)
5 http://www.ratical.org/radiation//vzajic/u234.html

Page 2 of 3
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Analysis of NRC’s Default Value for Depleted Uranium Specific Activity

So,
1
ne = —§1n DU_235
Substituting for ne
4
InDy.z34 =5 Dy.z35

Finally, exponentiating both sides of the equation,
Dyz34 = 0542’333
So,
4/3
ay-z34 = %.0-23406.2/32
Thus,
ay.z34 = (5.4 x 10-5)DS)

ay.235 = (7.204 X 1073)Dy.p35 _
ay.z3e = 1— (54 x 1075)DS/3) — (7.204 X 10-)Dy.235

The NRC provides in 10 CFR 20:
§=3.6x107 Cig?
Returning to the first equation above, then
(6.22 x 1073 Cig=1)(5.4 x 10~5)DE3) + (2.16 x 10-5Ci g=1)(7.204 X 10~*)Dy.z35

+(336 x 1077Ci g )[1- (5.4 x 10-)D/3) — (7.204 X 107%)Dy.p3s]
=36x10""Cig™?

Dividing by 1077 Ci g and collecting terms,
3.36D$*3) +0.131Dy.555 — 0.239 = 0
Solving, Dy.zss = 0.13, and®

ap.z34 = 0.00000356
au.zs = 0.00093806
ay.xns = 0.99905838

% The values for 224U and 2*%U actually contain only one or two significant digits. | show more digits because | will
use them in RESRAD calculations. Properly, the results should read ay.zis = 0.000004, au.z3s = 0.0009, and

aus = 0.9991. For comparison, typical isotopic abundances in depleted uranium according to the Department of
Energy are ay.za4 = 0.000007, ap.zs = 0.0020, and ay.23z = 0.9980 (DOE-STD-1136-2009), which corresponds to a
specific activity of $ = 3.8 x 107 Ci g™., | note that the derived DOE value for Dy.zs4 is 0.13, which is inconsistent

with Kolafa’s estimate calculated from the derived DOE value for Dy.as: D{,“gg = (0.28)4/% = 0.18.

Page 3 of 3
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ACRONYMS AND ABBREVIATIONS

- ASR Archives Search Report
bgs - Below Ground Surface
CD Compact Disk
CFR Code of Federal Regulations
CG Commanding General
CoC Chain-of-Custody
DGPS Differential Global Positioning System
DoD U.S. Department of Defense
DOE U.S. Department of Energy
DU Depleted Uranium '
ELAP Environmental Laboratory Accreditation Program
ERM Environmental Radiation Monitoring
ERMP Environmental Radiation Monitoring Plan
gpm Gallons per Minute
HASL Health and Safety Laboratory
ICP-MS Inductively Coupled Plasma-Mass Spectroscopy
IMCOM Installation Management Command
kg Kilogram
LRU . Lower Range of Uncertainty
m’ Square Meters
mrem/y Millirem per Year
mSv/y MilliSievert per Year
MOUT Military Operations in Urban Terrain
NRC U.S. Nuclear Regulatory Commission
ORAP Operational Range Assessment Program
PAERMP Programmatic Approach for Preparation of Site-Specific Environmental Radiation

Monitoring Plans

PAL Project Action Level

- QA Quality Assurance
QC Quality Control
RCA Radiation Control Area
RESRAD Residual Radiation
RSO Radiation Safety Officer
SDAD Surface Danger Area Diagram
SML Source Material License
SOp Standard Operating Procedure
TA Training Area
TEDE Total Effective Dose Equivalent
U-234 Uranium-234
U-235 Uranium-235
U-236 Uranium-236
U-238 Uranium-238
UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plan
UXxoO Unexploded Ordnance
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1.0 INTRODUCTION

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

11 PURPOSE

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

Table 1-1. Recommended ERM Sample Locations

Sample Location Sample Media Sample Frequency

Co-located surface water and sediment
samples downstream from the Range 29
RCA (HC-1) and from the Range 27A
and 27B RCA (SC-1), as shown in
Figure 1-2 based on the rationale
presented in Section 2.1

Surface water and sediment based
on the programmatic rationale
presented in the PAERMP and

site-specific details presented in
Section 2

Quarterly unless prevented by
weather (e.g., frozen stream)

1.2 INSTALLATION BACKGROUND

Fort Riley occupies approximately 101,732 acres in Riley, Geary, and Clay Counties, Kansas
(Figure 1-1). Fort Riley provides training,. readiness, and deployability for combat brigades and
support for mobilization and deployment of Active Component and Reserve Component units. Training
operations occur throughout the year on a daily basis at Fort Riley. Training includes field maneuvers,
military operations in urban terrain (MOUT), use of combat vehicles, mortar and artillery fire, small
arms fire, and aircraft flights (primarily helicopter). Fort Riley has a full infantry division
composed of four brigades (Arcadis Malcom Pirnie 2013).

Fort Riley includes 92,778 acres identified as operational range areas. Fort Riley has two
main Dudded Impact Areas encompassing 20,147 acres; both are located just east of the installation’s
center. One impact area encircles the other. There are 32 firing ranges surrounding the outer impact
area. These include a demolition range, grenade ranges, gunnery ranges, mortar firing ranges, small
arms ranges, and other ranges. Munitions use on the ranges includes small arms ammunition,
medium- to large-caliber munitions, including high-explosive munitions and munitions with
pyrotechnics and obscurants. Historical use of the range complex also included aerial rockets and
bombs, and submunitions are known to have been used on about 75 percent of the central impact area.
Tanks and Bradley fighting vehicles are used on the gunnery ranges.
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Training and maneuver areas, which surround the Dudded Impact Areas, are used to
conduct coordinated maneuvers of troops and vehicles. This training can include live-fire training using
blank ammunition or live rounds fired into the designated impact areas. There are 19 large training
and maneuver areas (comprising 69,333 acres), which overlap a majority of the smaller training and
maneuver areas. In addition, several MOUT ranges and other training areas are located within the
training and maneuver areas (Arcadis Malcom Pirnie 2013).

The Revised Final Archives Search Report (ASR) (USACE 2008) indicated that the Davy
Crockett weapon system was fielded and fired at Fort Riley, Kansas. Based on the collected information,
two ranges, Range 29 and the Davy Crockett Range (former Range 27B, current Range 27), were
identified as used for training with the Davy Crockett weapons (Figure 1-2). Although remnants of the
Davy Crockett weapon system were not found at Fort Riley during the ASR inspection, the degree of
confidence in the above conclusions is high (USACE 2008). The impact areas for the historical Davy
Crockett ranges or the radiation control areas (RCAs), known as Ranges 27A and 27B and Range 29, are
approximately 247 acres each. The nearest normally occupied area to Ranges 27A and 27B is
approximately 2.6 miles southeast of the RCA. The nearest normally occupied areas to Range 29 are
approximately 4.2 miles south of the RCA.

1.3 - HISTORICAL INFORMATION

The M101 spotting round contained approximately 6.7 ounces of DU, and was a component of
the 1960s-era Davy Crockett weapons system. Used for targeting accuracy, the M101 spotting rounds
emitted white smoke upon impact. The rounds remained intact or mostly intact on or near the surface
following impact and did not explode. Remnants of the tail assemblies may remain at each installation
where the U.S. Army trained with the Davy Crockett weapons system from 1960 to 1968. These
installations include Fort Benning, Fort Bragg, Fort Campbell, Fort Carson, Fort Gordon, Fort Hood, Fort
Hunter Liggett, Fort Jackson, Fort Knox, Fort Polk, Fort Riley, Fort Sill, Fort Wainwright, Joint Base
Lewis-McChord (Fort Lewis and Yakima Training Area [TA]), Joint Base McGuire-Dix-Lakehurst
(Frankford Arsenal Range), Schofield Barracks Military Reservation, and Pohakuloa TA.

The U.S. Army does not know if any cleanup or retrieval of these rounds or remnants has
occurred at Fort Riley; therefore, it is assumed that most, if not all, of the 20 kilograms (kg) of DU from
the rounds fired remains in the RCAs.

14 PHYSICAL ENVIRONMENT

The general character of the area surrounding Fort Riley is rural with small farm communities.
The lands north of Fort Riley support row crop and cereal grain production. The lands to the south are
predominantly rangeland. The Republican, Smokey Hill, and Kansas Rivers form part of the southern -
boundary of the installation. Milford Lake, a 15,000-acre impoundment of the Republican River, forms
part of the installation’s western boundary. '

Fort Riley lies within the Flint Hills section of the Central Lowlands physiographic province. It
is bordered by the Great Plains on the west and the Ozark Plateau on the east. Terrain varies from alluvial

_ bottomlands along the Republican and Kansas Rivers on the southern portion of the installation, through

the hilly to steep lands in the central and east portions, to high uplands in the northern and western
portions.

A Fort Riley consists of three types of topographical-physiographic area: 1) high upland prairies, 2)
alluvial bottomland flood plains, and 3) broken and hilly transition zones. The high upland prairies
consist of alternating layers of very gently dipping (less than 1 degree) Permian limestone and shale. The
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uplands often contain various shale units that cover the escarpment-forming limestones. The cutting

action of streams on the thick shale units has sculpted much of the area into a rolling plateau. Two types

of alluvial bottomlands exist at Fort Riley: wide meandering floodplains of major rivers, with associated
terraces; and areas created by smaller creeks and streams that cut the uplands. The transitional areas,
extending from the uplands down to the valley floors are broken, sloping to steep country composed of
alternating limestones and shales (U.S. Army 2007).

Fort Riley is part of the Great Plains Winter Wheat and Range Soil Resource Region. This region
is covered with 1 foot or less of windblown material or loess. The loess rests upon alternating layers of
weathered limestone and shale. Most soils are friable, silty loam 6 to 12 inches thick, overlying nearly
impervious clays. Fort Riley’s soils developed residually from parent materials and from other parent
material carried by water or wind and then deposited. The permeability of the soils varies from
excessively drained sandy lowland soils to tight clays with very slow permeability. Bedrock depths under
those soils vary from less than 1 foot in upland areas to'40 to 60 feet in many areas of the Main Post (U.S.
Army 2007). '

Waters on Fort Riley are surface water in rivers, other perennial and intermittent streams, ponds
and lakes, and groundwater aquifers. The Republican and Kansas Rivers form the southern boundaries of
Fort Riley. With the exception of oxbow lakes, the 174 lakes and ponds on Fort Riley are constructed
impoundments. Aquifers receive water through alluvial deposits of streams and rivers, porous surface
deposits, and fissured limestone in uplands by means of infiltration of rain and seepage from rivers into
limestone and shale.

Surface waters at Fort Riley are located within the Kansas River basin. Nearly 145 miles of
rivers and streams, consisting of 14 miles of rivers and 131 miles of streams, are present on Fort Riley.
All 14 streams are intermittent except for Wildcat, Sevenmile, Madison, and Timber Creeks. Streams in
the southern portion of Fort Riley drain to the south to the Republican or Kansas Rivers, which form the
installation’s southern boundary. Streams in the western portion of Fort Riley drain toward the southwest
to Milford Lake on the Republican River. Streams in the northeastern portion of Fort Riley drain to
Wildcat Creek, a perennial stream that runs along the northeastern boundary of the installation. Wildcat
Creek ultimately drains to the Kansas River south of Manhattan.

Sevenmile Creek is downstream from the Ranges 27A and 27B RCA and the central-southern
portion of the Range 29 RCA. Sevenmile Creek is a perennial stream with a drainage basin of 17.2
square miles in the Sevenmile Creek-Kansas River watershed (Figure 1-2). Sevenmile Creek flows
southeast, discharging into the Kansas River. Honey Creek is downstream from the northern portion of
the Range 29 RCA. Honey Creek drains approximately 6 square miles in the northern portion of the
impact area in the Kitten Creek-Wildcat Creek watershed (Figure 1-2). Honey Creek flows eastward
and discharges into Wildcat Creek.

Groundwater aquifers occur in the alluvial deposits of the major streams and rivers; in the porous
surface deposits; and in the fissured, near-surface limestone of the upland areas. Saturated, water-bearing
sediments in the Kansas River valley range from 0 to 90 feet in thickness. Well yields of 300 to 1,000
gallons per minute (gpm) are obtained from aquifer thicknesses of 20 to 40 feet, and yields in excess of

.1,000 gpm can be obtained where aquifer thicknesses exceed 40 feet.

Moderate quantities of groundwater occur in the bedrock formations of the area, in particular the
Fort Riley and Florence Limestone Formations. Where these limestones are fractured and/or contain
solutioned cavities, well yields of 100 gpm or more can be obtained. Wells that penetrate shales in the
upland area will generally yield up to several gpm.
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Discharge from the valley-fill sediments, the major water-bearing deposits, is by seepage to major

streams, evapotranspiration, and withdrawal by wells. Recharge of these deposits is by direct infiltration
of precipitation, seepage from streams and ponds, return flow from irrigation, and seepage from the
bedrock formations that border and underlie the valley (U.S Army 2007).

1.5

EVALUATION OF POTENTIAL SOURCE-RECEPTOR INTERACTIONS

The transport of DU can be potentially completed along the identified pathwéys to human and/or

ecological receptors. Specific details regarding the potential receptors for Ranges 27A and 27B and
Range 29 at Fort Riley are as follows:

Surface Water Use—In the intermediate aquifers, surface water infiltrates into the subsurface,
particularly into the bedrock aquifers of the Towanda, Fort Riley, Florence, and/or Kinney

‘Limestones, in which groundwater flows approximately west and is pumped by residential wells

and wells located at Farnum Creek Campground. Groundwater samples were collected along
this flow path during the Fort Riley Regional Range Study, and there were no detections of
metals and/or explosives (USACHPPM 2007). However, the Regional Range Study did not
include DU in the sampling event. In the alluvial aquifer, surface water runoff and/or local
groundwater discharge into Sevenmile Creek (which flows off Fort Riley at the southeastern

. corner of the installation) recharges the Kansas River alluvial aquifer, from which groundwater

is pumped by groundwater supply wells in the city of Ogden.

Recreational Use—Milford Lake, the Republican River, the Kansas River, and many other area
water bodies are used for fishing and boating. Fort Riley has 29 ponds and numerous streams
and rivers, which are used for recreational fishing. All state regulations for fishing are in effect
on Fort Riley, dictating season and creel limits on certain species of fish, turtles, crayfish, and
frogs. The Kansas, Smoky Hill, and Republican Rivers on Fort Riley’s southern boundary are
also used for recreational fishing. Channel catfish (Ictalurus punctatus), flathead catfish
(Pylodictis olivaris), white bass (Morone chrysops), striped bass (Morone saxatilis), hybrid

~white-striped bass (Morone sp.), walleye (Sander vitreus), carp (family Cyprinidae), freshwater

drum (dplodinotus grunniens), shovelnose sturgeon (Scaphirhynchus platorynchus), largemouth
bass (Micropterus salmoides), and smallmouth bass (Micropterus dolomieu) are caught in the
area’s ponds, streams, and rivers. In addition, snapping and soft-shelled turtles, bullfrogs, and
crayfish are taken from Fort Riley and the surrounding area and consumed.

Sensitive Environments—There is no federal threatened or endangered species critical habitat
identified on Fort Riley; however, Kansas has designated critical habitat on Fort Riley for four
species: piping plover (Charadrius melodus), least tern (Sterna antillaru), sturgeon chub
(Macrhybopsis gelida), and Topeka shiner (Notropis fopeka). In 2000, the Kansas Department of
Wildlife and Parks established state-designated habitat for the Topeka shiner, to include the main
stem and tributary reaches of Wildcat, Little Arkansas, and Sevenmile Creeks. As of 2004,
Honey, Wildcat, Wind, Little Arkansas, and Sevenmile Creeks were state-designated critical
habitat for the Topeka shiner. Wildcat Creek and Sevenmile Creeks contain sections of state-
designated critical habitat for the Topeka shiner that are downstream from operational range
areas. Riverine, lacustrine, and palustrine wetlands downgradient and downstream from Fort
Riley operational range areas, including the Ranges 27A and 27B and Range 29 RCAs, are also
considered sensitive environments.

Habitat—Habitats existing on Fort Riley may be divided into two main types: terrestrial and
aquatic. Many species will use only one of these types; others will use both. Terrestrial habitats
include native prairie, cool-season grassland, croplands planted as wildlife food plots or perimeter
firebreaks, savanna, shelterbelts, and woodlands. Aquatic habitats include ponds, marshes,
streams, reservoir coves, rivers, and sandbars. The least tern and piping plover critical habitat
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has been designated as all waters within the corridor along the Kansas Rlver s main stem. The
sturgeon chub critical habitat has been designated as the Kansas River’s main stem from its
confluence with the Republican River and the Smoky Hill River to its confluence with the
Missouri River. The Topeka shiner critical habitat has been designated as the Wildcat, Little
Arkansas, and Sevenmile Creeks and their tributaries. Wetland habitats are also vital to many
flora and fauna living on or in the vicinity of Fort Riley, including some state and federally listed
species.

o Ecological Receptors—Three federally threatened or endangered species of animals are known
to occur on Fort Riley. These species are considered representative of species downstream and
downgradient from Fort Riley operational range areas. The Topeka shiner resides on Fort Riley
for the entire year. The least tern and the piping plover are present rarely.

e  Groundwater Use—Fort Riley and the surrounding communities primarily rely on groundwater
from the alluvial aquifer along the Republican and Kansas Rivers for their primary source of
drinking water, although some residential wells and production wells to the west of Fort Riley
appear to be screened within intermediate bedrock aquifers of the Towanda, Fort Riley,
Florence, and Kinney Limestone units. The surrounding communities that rely on groundwater
for drinking water are Junction City to the south of the installation (population 20,000),
Riley to the north (population 800), Grandview Plaza to the south (population less than
1,000), and Ogden to the southeast (population 1,600). The city of Manhattan (population
38,000) is about 7 miles northeast of southern Fort Riley along the Kansas River and obtains at
least some of its water supply from the Kansas River alluvial aquifer. In addition, rural water
districts within Riley and Geary Counties obtain their drinking water supply from the
alluvial aquifer in the Kansas River Valley. Groundwater is also used for crop irrigation in the
river valleys. Irrigation water use occurs mainly during the summer months. Fort Riley obtains
its drinking water primarily from groundwater wells that are screened in the alluvial deposits.
The Fort ‘Riley Main Post wells consist of eight wells located in alluvial deposits of the
Republican River approximately 1 mile upstream from its confluence with the Smoky Hill
River. Water levels in these water supply wells range from 15 to 25 feet below ground
surface (bgs). There are groundwater wells used for domestic water supply that are located
downgradient from Fort Riley within the 4-mile area (Malcolm Pirnie 2010).

Potential human receptors include recreational users of surface water bodies for fishing and
swimming and those relying on potential public and private wells within 4 miles downgradient from Fort
Riley for potable water. Ecological receptors include sensitive environments (e.g., Topeka shiner).
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2.0 ERMP SAMPLE DESIGN

The PAERMP documented the conditions (i.e., “if-then” statements) for the sampling of each
environmental medium to be used during the development of the Site-Specific ERMPs, and only
environmental media recommended for sampling in the PAERMP are presented in the sections below.
Per the PAERMP, no sampling will occur within the RCA or in the unexploded ordnance (UXO) areas
(also referred to as Dudded Impact Areas). In addition, background/reference sampling is not required
because the determination of DU presence will be based on an examination of the isotopic uranium ratios.
The sampling approach and rationale for each medium for the RCAs (Ranges 27A and 27B and
Range 29) at Fort Riley are discussed in the following sections.

2.1 SURFACE WATER AND SEDIMENT

The surface water and sediment sampling approach will involve the collection of collocated
samples from two locations downstream from the Ranges 27A and 27B and Range 29 RCAs (Figure 1-2)
where surface water flows throughout the year. If surface water is not flowing when a quarterly sampling
event is planned (e.g., frozen stream, dry stream) or when sampling is too dangerous (e.g., rapid flow
during flooding), no surface water samples will be collected during that event. Sediment samples will be
collected on a quarterly basis unless sediment is inaccessible when a quarterly sampling event is planned
(e.g., frozen stream, flooding).

The surface water and sediment sampling locations at Ranges 27A and 27B and Range 29 were
selected based on the surface water hydrology and potential for DU contribution and are located as
follows:

e SC-1—The selected sampling point is located on Sevenmile Creek, downstream from the Ranges
27A and 27B RCA and the southern portion of the Range 29 RCA. Sevenmile Creek is a
perennial stream with a drainage basin of 17.2 square miles. Sevenmile Creek flows southeast,
discharging into the Kansas River. The sampling location SC-1 is located upstream of the
Kansas River and at the installation boundary.

e HC-I—The selected sampling point is located on Honey Creek, downstream from the northern
portion of the Range 29 RCA. Honey Creek drains approximately 6 square miles in the northern
portion of the impact area and drains numerous small arms firing ranges north of the impact area.
Honey Creek flows eastward and discharges into Wildcat Creek. The sampling location -
HC-1 was located immediately upstream of the confluence with Wildcat Creek and within
the installation boundary.

The proposed surface water and sediment sampling at SC-1 and HC-1 is focused on Sevenmile
Creek-Kansas River and Kitten Creek-Wildcat Creek watersheds because they are downstream from the
RCAs. TC-1 (Timer Creek) is a reference location that was sampled during the Operational Range
Assessment Program (ORAP) and is not downstream from the RCAs.

Surface water and sediment samples will be analyzed for total/isotopic uranium using U.S.
Department of Energy (DOE) Health and Safety Laboratory (HASL) method 300 (alpha spectrometry).
Further details on analytical procedures and quality assurance/quality control (QA/QC) information are
presented in Annex 19. When analytical sampling results from locations outside the RCA indicate that
the uranium-238 (U-238) /uranium-234 (U-234) activity ratio exceeds 3.0, the U.S. Army will notify
NRC within 30 days and collect additional surface water and sediment samples within 30 days of the
notification to NRC, unless prohibited by the absence of the sampling media. The analytical samples
displaying an activity ratio exceeding 3.0 will be reanalyzed using inductively coupled plasma-mass
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spectroscopy (ICP-MS) for their U-234, uranium-235 (U-235), and U-238 content to calculate the U-235
weight percentage specified in 10 Code of Federal Regulations (CFR) § 110.2 (Definitions) and then to
determine if the sample results are indicative of totally natural uranium (at or about 0.711 weight percent
U-235) or DU mixed with natural uranium (obviously less than 0.711 weight percent U-235).

Surface water flow in the streams on Fort Riley is expected to vary on the scales of hours, days,
and years depending on precipitation rates over the same time scales. The surface water and sediment
sampling can be conducted on the PAERMP’s specified quarterly interval. The highest stream flows
(wet season) typically occur in May with the lowest flows (dry season) in December (Malcom
Pirnie 2010).

Surface water at the recommended downstream sampling locations (HC-1 and SC-1) for the
environmental radiation monitoring (ERM) and upstream reference location were sampled during the
ORAP Phase II assessment in April and June 2010 (Arcadis Malcolm Pirnie 2013). The results of the
April and June sampling event are presented in Table 2-1.

Table 2-1. Uranium Surface Water Analytical Results

Sample Location Number of Samples Range of Concentrations (ng/L)

HC-1 2 1.52-2.44
HC-1 (dissolved) 2 1.46-2.36
SC-1 2 0.971-2.37
SC-1 (dissolved) 2 0.481-2.54
TC-1 2 2.56-3.36
TC-1 (dissolved) 2 2.54-3.28

2.2 GROUNDWATER

Twenty-six groundwater samples were collected and analyzed for uranium (all 26 were
analyzed for total and isotopic uranium and 12 of the 26 samples were analyzed for dissolved
uranium) during the ORAP Phase II assessment in May 2010 (Arcadis Malcom Pirnie 2013). The results
of the May 2010 sampling event are presented in Table 2-2. The existing groundwater monitoring wells
are shown in Figure 1-2. ‘

Total uranium was detected in 25 of 26 groundwater samples collected during the ORAP Phase 11
assessment. None of the samples contained total uranium at a concentration that exceeded the project
action levels (PALs); however, groundwater samples GWSE-BW2-GW-01 and GWSE-CFW-GW-03 had
concentrations that were greater than the lower range of uncertainty (LRU). The remaining detected
concentrations of total uranium were generally two orders of magnitude less than the PAL and one order
of magnitude less than the LRU. Dissolved uranium was detected in all 12 groundwater samples
analyzed.

Total uranium concentrations in groundwater may be due to both naturally occurring sources and
range-related sources; therefore, the groundwater samples also were analyzed for isotopic uranium
(U-234, U-235/uranium-236 [U-236], U-238) to determine if the total uranium was due to naturally
occurring sources, range-related sources, or a combination of the two sources. U-234 and U-238 typically
have equivalent radioactivities in naturally occurring uranium (e.g., both U-234 and U-238 account for
approximately 48.9 percent of the radioactivity), but U-238 is elevated relative to U-234 in DU (USEPA
2006). The isotopic uranium results indicate that the U-234 radioactivity is greater than the U-238
radioactivity for both of the groundwater samples that had total uranium concentrations greater than the
LRU. Because the results indicate that U-238 radioactivity is less than U-234, the total uranium detected
in the groundwater samples appears to be due to naturally occurring sources and does not have a range-
related source (Arcadis Malcom Pirnie 2013).
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Table 2-2. Uranium Groundwater Analytical Results (Detections Only)

Sample Location (Depth) Result (ng/L)
AW-1 (18-209 Total 4.79 / Dissolved 4.6
AW-1 (28-30") Total 5.33 / Dissolved 3.72
BW-1 (75-85" Total 1.61 / Dissolved 1.38
BW-1(103-113") Total 1.56 / Dissolved 1.1
BW-1 (160-170" Total 7 / Dissolved 1.57
BW-2 (85-95") Total 4.71 J / Dissolved 2.48 J
BW-2 (155-165") Total 1.64 J / Dissolved 1.52]
BW-2 (172-182") Total 4.71 / Dissolved 2.78
BW-2 (220-230") Total 20.3 J / Dissolved 2.63 J
BW-3 (85-95") Total 1.34 / Dissolved 1.27
BW-3 (170-180" Total 1.94 / Dissolved 1.67
BW-3 (130-140" Total 1.76 ] / Dissolved 1.19]
CF98-601 (19-29") Total 423 J
CF97-103 (59-69") Total 4.26 ]
CF97-101 (13.5 - 23.5") Total 20 J
CF97-401 (16.20-26.20") : Total 1.56 J
SFL97-903 (43.80-53.80") Total 3.41]
337085 (110-130") Total 3.557J
CF99-901 (13.05-23.05" Total 5.73 J
GW Prod Well #9 (N/A) Total 6.63 J
1292-001 (50-60") Total 4.62 ]
1292-002 (52-62") Total 1]
1292-003 (123-143") Total 1.01
1292-012 (35-45") Total 2.2 ]

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

23 SOIL

If an area of soil greater than 25 square meters (n”) eroded from an RCA is discovered during
routine operations and maintenance activities, the U.S. Army will sample that deposit semiannually with
one sample taken per 25 m” unless the soil erosion is located in a UXO area. The collection of ERM
samples in UXO areas generally will not occur. Exceptions will occur only with documented consultation
among the License Radiation Safety Officer (RSO), installation safety personnel, and range control
personnel, who will advise the Installation Commander (i.e., they will prepare a formal risk assessment in
accordance with U.S. Army [2014]). The Installation Commander will then decide whether to allow the
collection. Otherwise, RCAs for Ranges 27A and 27B and Range 29 do not meet any other criteria that
would require soil sampling in accordance with the PAERMP (U.S. Army 2015).
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Prior to mobilization, field sampling personnel will contact Range Control, the Installation RSO,
or designee to determine if erosional areas within the RCAs have been identified and, if so, sampled in
accordance with requirements in Section 3.0 and Annex 19.
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3.0 ERMP METHODOLOGY

The sampling and laboratory analysis procedures to be utilized during the ERM are described
below. These procedures provide additional details and required elements to support the Site-Specific
ERMP and must be utilized in conjunction with the standard operating procedures (SOPs) during
execution of ERM activities. This Site-Specific ERMP is to be used in conjunction with Annex 19, which
addresses programmatic requirements associated with ERM sampling, such as chain-of-custody (CoC),
packaging for shipment, shipping, collecting field QC samples (e.g., field duplicate samples), and
documenting potential variances from sampling procedures. Annex 19 has been prepared in accordance
with guidance from the Uniform Federal Policy for Quality Assurance Project Plan (UFP-QAPP)
Optimized Worksheets (IDQTF 2012). All entry to Fort Riley will be coordinated with the Fort Riley
Installation Safety Office and Range Control prior to mobilizing for fieldwork.

Only a laboratory that the U.S. Department of Defense (DoD) Environmental Laboratory
Accreditation Program (ELAP) has accredited for uranium analysis using both alpha spectrometry and
ICP-MS methods will perform radiochemical analyses for the purposes of NRC license compliance. The
U-238 to U-234 activity ratio and the weight percent U-235 are used to determine whether a given sample
is indicative of natural uranium or DU. The laboratory will use alpha spectrometry to analyze samples for
U-234 and U-238 activities in order to comply with license condition #17 in NRC SML SUC-1593. All
samples with U-238/U-234 activity ratios exceeding 3.0 will be reanalyzed using ICP-MS for their
U-234, U-235, and U-238 content to identify samples with DU content (NRC 2016). The ICP-MS results
for U-234, U-235, and U-238 are summed to calculate a total mass of uranium present, which will be used
to establish the weight percent U-235 and then to determine if the sample results are indicative of totally
natural uranium (at or about 0.711 weight percent U-235) or DU mixed with natural uranium (obviously
less than 0.711 weight percent U-235). Additional details about the sampling and analysis to support this
Site-Specific ERMP are included in Annex 19.

31 SURFACE WATER SAMPLING

Surface water samples will be collected at HC-1-and SC-1 and submitted for laboratory analysis.
The grab surface water samples will be collected using disposable equipment (e.g., tubing) or collected
directly into sample containers. Details of the surface water sampling and the associated field procedures
are provided in Annex 19.

Sampling activities, including documentation of the site conditions and the sample details, will be
included within the field logbook. Following the sampling, each location will be surveyed with a
differential global positioning system (DGPS) unit to identify the location with sub-meter accuracy and
documented in the field logbook. Digital photographs will be taken during the sampling.

Once samples are collected, the samples and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19, '

3.2 SEDIMENT SAMPLING

The collection of sediment samples will coincide with the surface water sampling activities and
consist of the compositing of at least 10 subsamples collected from various areas of the stream bed.
Sediment samples will be collected in the shallow surface water locations using a clean, disposable plastic
scoop. Sampling locations within the stream beds should be selected where the surface water flow is low
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and/or deposition is most likely, such as bends in the creek as it changes direction. The sediment
sampling procedure is as follows:

1.

D T A I

~ The individual performing the sampling will don clean gloves and prepare a disposable tray

or sealable plastic bag and a plastic scoop.

Use a disposable scoop to remove the loose upper sediment uniformly from at least 10

" subsample locations, starting downstream from the area to be sampled and moving upstream.

Do not exceed 3 centimeters in depth into the sediment. Collect a sufficient quantity of
sediment for QA/QC.

Place sediment into a disposable tray or sealable plastic bag (e.g., Ziploc®).

Remove rocks, large pebbles, large twigs, leaves, or other debris. '

Remove excess water from the sediment. This may require allowing the sample to settle.
Thoroughly mix (homogenize) the sediment within the disposable tray or bag.

Fill the appropriate sample containers.

Mark the sample location with a stake and log its coordinates using a DGPS unit.

Collect digital photographs and document data in the field logbook.

Additional details on the sediment sampling and the field procedures are provided in Annex 19.
Once samples are collected, the samples and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.
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4.0 RESRAD CALCULATIONS

This section documents the dose assessment results for a hypothetical residential farmer receptor

located on each RCA, as applicable, and for the same receptor scenario located at the nearest normally
occupied area, respectively. The dose assessments were completed to comply with license condition #19
of NRC SML SUC-1593.

The dose assessments were conducted using the Residual Radiation (RESRAD) 7.2 (Yu et al.

2016a) and RESRAD-OFFSITE 3.2 (Yu et al. 2016b) default residential farmer scenario pathways and
parameters with the following exceptions:

Nuclide-specific soil concentrations for U-238, U-235, and U-234 were calculated for each RCA
by multiplying the entire mass of depleted uranium listed on the license for the installation (20
kg) by the nuclide-specific mass abundance, the nuclide specific activity, and appropriate
conversion factors to obtain a total activity in picocuries (Table 4-1). That total activity was then

assumed to be distributed homogenously in the top 6 inches (15 cm) of soil located within the
area of the RCA.

Table 4-1. Specific Activity and Mass Abundance Values

m Specific Activity Mass Abundance”

U-234 6.22 x 107 ©3.56x 10

U-235 2.16 x 10°® 0.0938

U-238 3.36 x 107 99.9058
Depleted uranium® 3.6 x 107 100

* 10 CFR 20, Appendix B, Footnote 3
® Mass abundance calculations provided in Attachment 1.

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

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

Groundwater flow was conservatively set in the direction of the offsite dwelling,
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4.1 RESRAD INPUTS

Table 4-2. Non-Default RESRAD/RESRAD-OFFSITE Input Parameters for Fort Riley RCAs

Parameter

Default

Ranges 27A
and 27B Range 29 D .
Justification or Source

Fort Riley, Kansas

Value
R DCFPAK . R . .
Internal dose library 3.02 FGR 11& 12 | FGR 11 & 12 |Conservative dose coefficients for site contaminants
Contaminated Zone ~ T s ‘ ‘
U-234 N/A 1.97 x 103 1.97 x 10 Site-specific calculation based on the DU mass listed in
Soil concentrations " ) the NRC SML = DU mass x nuclide specific mass
(pCi/g) U-235 N/A 18x10 1.8x 10 abundance® x nuclide specific activity®/ (CZ area x CZ
U-238 N/A 0.03 0.03 depth x CZ density)

Area of contaminated zone (m?) 10,000 1,000,000 1,000,000

Depth of contaminated zone (m) 2 0.15 0.15 NRC SML SUC-1593, Item 11, Attachment 5

Fraction of contamination that is 0 0 0 Phase I Periodic Review document (U.S. Army 2014)

submerged indicates depth to groundwater is 10 ft bgs

E‘;I)lgth parallel to aquifer flow 100 1,000 1,000 Length of RCA is approximately 1,000 m
RESRAD Manual Table E.8 (DOE 2001) for Silt (Soil

Contaminated zone total porosity 0.4 045 0.45 is Silty Loam for Ranges 27A and 27B; soil is Silty Clay
Loam for Range 29; determined from web soil survey)

Contaminated zone hydraulic 10 227 536 RESRAD Manual Table E.2 (DOE 2001) for Silty Loam

conductivity (m/y) ’ or Silty Clay Loam

Contaminated zone b parameter 53 53 775 RESRAD Manual Table E.2 (DOE 2001) for Silty Loam
or Silty Clay Loam

Average annual wind speed (m/s) 2.0 7.7 7.7 www.usa.com for Fort Riley, KS

g;e/;l)p itation rate (annual rainfall) 1.0 0.8 0.8 www.usa.com for Fort Riley, KS

Saturated Zone : . . .

Saturated zone total porosity 0.4 0.45 0.45 RESRAD Manual Table E-8 (DOE 2001) for Silt

Saturated zone effective porosity 0.2 0.20 0.20 RESRAD Manual Table E-8 (DOE 2001) for Silt

Saturated zone hydraulic RESRAD Manual Table E.2 (DOE 2001) for Silty Loam

L 100 227 53.6 .
conductivity (m/y) or Silty Clay Loam
| Saturated zone b parameter 53 53 775 RES'RAD Manual (DOE 2001) Table E.2 for Silty Loam

or Silty Clay Loam

Unsaturated Zone e - ,

Unsaturated zone 1, total porosity 0.4 0.45 0.45 RESRAD Manual Table E-8 (DOE 2001) for Silt

g;iasti‘:;a‘ed zone 1, effective 02 0.20 0.20 RESRAD Manual Table E-8 (DOE 2001) for Silt

Unsaturated zone 1, soil-specific RESRAD Manual (DOE 2001) Table E.2 for Silty Loam

53 53 7.75 .

b parameter or Silty Clay Loam

Unsaturated zone 1, hydraulic 10 227 53.6 RESRAD Manual Table E.2 (DOE 2001) for Silty Loam

conductivity (m/y) ’ or Silty Clay Loam

*  See Table 1.
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Table 4-3. Non-Default RESRAD-OFFSITE Input Parameters for Fort Riley RCAs

RCA Layout Parameter ) Ranges 27A and 27B Range 29

grils)tance to nearest normally occupied area 3,800 2,500
Bearing of X axis (degrees) 180(east) 135(northeast)
X dimension of Primary Contamination (m) 1,000 1,000

Y dimension of Primary Contamination (m) 1,000 1,000

X Coordinate (m) Y Coordinate (m) X Coordinate (m) Y Coordinate (m)
Smaller Larger Smaller Larger Smaller Larger Smaller Larger
Fruit, grain, non-leafy vegetables plot 500 531.25 4900 © 4932 500 531.25 3600 3632
Leafy vegetables plot 500 531.25 4934 4966 500 531.25. 3634 3666
. | Pasture, silage growing area : 500 600 5116 5216 500 600 3816 3916
Grain fields 500 600 4966 5066 500 600 3666 3766
Dwelling site 500 53125 4800 4832 500 531.25 3500 3532
Surface-water body 500 300 5216 5516 500 800 3916 4216
‘Primary Contamination Parameter ; ' 2 : o o .

‘Length paralle! to aquifer flow* I 1000 | 255

Atmospheric Transport Parameter ' : S . : o

Meteorological STAR file l KS_TOPEKA.str I KS_TOPEKA.str
Groundiater Transport Parameter ” - . i / ‘ '

Location

Distance to well (parallel to aquifer flow)
(m)

Distance to surface water body (SWB

(parallel to aquifer flow) (m) 2 ) 4216 . 2916
Distance to well (perpendicular to aquifer
flow) (m)

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

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

* Conservative value selected to maximize groundwater concentration and ensure that volumetric groundwater flow
rate under the Contaminated Zone (CZ) exceeds or meets the recharge volumetric rate through the CZ.

4.2 RESULTS

3800 2500

-150 -150

150 150

0 315

Table 4-4 presents the dose assessment results. Figure 4-1 presents graphs of the dose assessment
results over the evaluation period. The calculated site-specific all pathway dose for each RCA evaluated
at Fort Riley does not exceed 1.0 x 107 milliSievert per year (mSv/y) (1.0 millirem per year [mrem/y])
total effective dose equivalent (TEDE) and meets license condition #19 of SML SUC-1593.

Table 4-4. RESRAD-Calculated Maximum Annual Doses for Resident Farmer Scenario
Offsite”

Onsite’ (RESRAD) (RESRAD-OFFSITE)
Maximum Annual Dose (mrem/y)
Fort Riley Ranges 27A and 27B 3.5 x 107 1.2 % 107
Fort Riley Range 29 3.5 x 107 1.2 x 107
? The onsite residential farmer receptor resides on the RCA.
b The offsite residential farmer receptor resides off of the RCA, but within the installation, at the nearest normally occupied area.

RESRAD and RESRAD-OFFSITE output reports for each RCA are provided on the compact
disk (CD).
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Figure 4-1. Residential Farmer Receptor Dose Graphs
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Fort Riley Range 29
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~ Attachment 1

Analysis of NRC’s Default Value for Depleted Uranium Specific Activity
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Analysis of NRC's Default Value for Depleted Uranium Specific Activity

Each of the values of the relative mass abundances for the naturally occurring uranium isotopes in the
legacy Davy Crockett depleted uranium on Army ranges helps determine the source terms for REsRAD
calculations, the performance of which is a license condition. This note shows how | estimated them
using the NRC default value for the specific activity of depleted uranium.

The third footnote to the tables in Appendix 8 of Title 10, Code of Federal Regulations (CFR), Part 20,

“Standards for Protection Against Radiation,” says, “The specific activity for ... mixtures of U-238, U-235,
and U-234, if not known, shall be: SA = 3,6E-7 curies/gram U for U-depleted.” However, 10 CFR 20 does
not describe how the NRC arrived at that value and | have not been able to learn this from NRC sources.

In general, the following equation provides the specific activity for a mixture of the three naturally
occurring isotopes of uranium?: :
S= z Si @
1

S is the specific activity of the mixture of naturally occurring uranium isotopes, S; is the specific activity
for uranium isotope i, «: is the relative molar mass abundance for uranium isotope i in the depleted
uranium, and i denotes the uranium isotopes uranium-234 (**U), ***U and *®U,

Rather than looking up each §; in a table, | calculated them from fundamental values to maximize
accuracy. By definition, the specific activity for a particular isotope S, is the activity 4, per mass n, for
the isotope 7. Also, by definition:

A= AdV;
A is the decay constant and  is the number of atoms of uranium isotope /in the sample with mass m;.
Thus, ’
AiN;
s =L
m;
A is related to the half-life #;,as follows:
In2
=
Wi

If A; is set to Avogadro’s number (N = 6.02 x 10%),2 then, by definition, m, is the mass of a mole of
isotope i/, given by M;, which is the atomic weight of isotope / with assigned units of grams. So,

_ Nlin2
tyiM;

Si

! Although contaminants, including 2*°U, are possible, even likely, at levels less than parts per million, | am not
including contaminants in these calculations nor in the RESRAD calculations because of their negligible impact on
the results. .

2 In performing the calculations, | used all available significant digits in a spreadsheet. This note generally displays
only two or three significant digits in the equations. Minor discrepancies in calculated results are due to round-off.
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| Analysis of.NRC’s Default Value for Depleted Uranium Specific Activity

Values of the relative molar mass abundances, the half-lives, and the atomic weights for the naturally
occurring uranium isotopes are available on a chart of the nuclides.® The following table contains data
used in calculations below:

Table — Isotopic Properties

Isotope Natural Relative Half-life | Molar Mass Speciﬂc Activity?
Molar Mass Abundance (s) (g) Bag?) {Cig?)
53 0.000054 7.75 x 10'2 234.04 2.30x10°% | 6.22% 1072
55 0.007204 2.22 x 10™® 235.04 7.99 x 10* | 2,16 x 10"®
68y 0.992742 1.41x10% 238.05 1.24 x10% | 3.36x 1077
By definition:

1=auas + avass + auass

A second equation involves the ratio of ap.2s: to auass in depleted uranium. If Gop.234 is the natural
| relative mass abundance far 7**U and aoy.235 similarly for 2°U, then

y.234 = Aou-234Dy-234
Qy.z35 = Ag,u-2350u-235
- Dy.2a4 is the depletion of 2*Uin depleted uranium and Dy.ss similarly for 25U, with
0 (complete depletion) < D; < 1 {no depletion)
Kolafa® estimated the depletion of 2U relative to the depletion of U as follows:

Dy.234 = (1 —48)"
Dy.z35 = (1-38)"

¢ is the single stage enrichment efficiency per the difference of the uranium isotope atomic mass

number from the atomic mass number of 2¥U-and is much less than one. nis the number of enrichment
stages.

For large n:
Dy.zas = €€
DU-235 - e—3n£

" Eliminate the product 71€ by taking the logarithm of both equations:

In Du.234, = —4ne
lnDu.zgs = —3n¢

3 For example, see http:/{atom.kaeri.re.kr/nucha
41 curie (Ci) = 3.7 x 10*° becquere!s (Bq)
S http://www.ratical.org/radiation//vzaiic/u234.html

Page 2 of 3
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Analysis of NRC’s Default Value for Depleted Uranium Specific Activity

So, .

1
ne = —-é-ln Du.235

Substituting for ns

: 4
InDy.z34 =50 Dy.235
Finally, exponentiating both sides of the equation,
3
Dy.pzq = 0542/35)
So,

- (4/3)
Qy.234 = Qoy-234Dy 935

Thus,

Ay.234 = (5.4' X 10_5)06?2/:;2
ay.z35 = (7.204 X 107)Dy.235
ayzss = 1= (5.4 % 10-5)DSY3 — (7,204 X 10-3)Dy 235

The NRC provides in 10 CFR 20:
§=3.6x107Cig?
Returning to the first equation above, then
(622 x 1073 Cig=2)(5.4 x 10-5)DS2) + (2.16 x 10-5Ci g=1)(7.204 X 10~3)Dy 235

+(336 x 1077Cig-t )[1 — (54 % 10-5)D$*2 — (7.204 x 10‘3)DU.235]
=3.6x10"7Cig™!

Dividing by 107 Ci g™ and collecting terms,
3.36D$*3) +0.131Dy.535 — 0.239 = 0

Solving, Dy.z3s = 0.13, and®

ay.34 = 0.00000356
ay-s = 0,00093806
ay.28 = 0.99905838

6 The values for U and 2**U actually contain only one or two significant digits. | show more digits because | will
use them in RESRAD calculations. Properly, the resuits should read ay.zss = 0.000004, ay.s = 0.0009, and

au.mg = 0.9991. For comparison, typical isotopic abundances in depleted uranium according to the Department of
Energy are au.z3s = 0.000007, ay.zas = 0.0020, and ay.asz = 0.9980 {DOE-STD-1136-2009), which corresponds to a
specific activity of § = 3.8 x 1077 Ci g™, | note that the derived DOE value for Dy.z34 is 0.13, which is inconsistent
with Kolafa’s estimate calculated from the derived DOE value for Dy.as: Dl(ggs) = (0.28)¥® = 0.18.
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1.0 INTRODUCTION

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

11 PURPOSE

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

Table 1-1. Recommended ERM Sample Location

Sample Location Sample Media Sample Frequency

Surface water and sediment based
on the programmatic rationale
presented in the PAERMP and

site-specific details presented in
Section 2

Co-located surface water and

sediment samples downstream

(ERM-01) from the RCAs, as
shown in Figure 1-2 based on the
rationale presented in Section 2.1

_Quarterly unless prevented by
weather (e.g., regional flooding)

1.2 . INSTALLATION BACKGROUND

Pohakuloa TA is a 131,425-acre installation located on the island of Hawaii, approximately
40 miles west of Hilo and 40 miles east of Kawaihae, Hawaii (Figure 1-1). A public highway, known as
Saddle Road, traverses the northern portion of the area and serves as a major land route.

Pohakuloa TA was acquired by the United States from the State of Hawaii and private
landowners. The facility is used by the U.S. Army Hawaii, the U.S. Marine Corps, and the Hawaii Army
National Guard (HARNG).

Pohakuloa TA consists of a cantonment area, a maneuver area, an impact area, and a safety buffer
zone. The cantonment area or Base Camp consists of administrative and logistical buildings, troop
billets, Bradshaw Airfield, and the ammunition storage area. The Maneuver Area consists of limited road
net and prominent terrain features. The Pohakuloa Impact Area is an area generally bounded on the north
by Lava Road, on the east by Redleg Road, on the south by Kona-Hilo Trail, and on the west of Bobcat
Trail.
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‘The Archives Search Report (ASR) (USACE 2007) confirmed the presence of the Davy Crockett
Range at Pohakuloa TA based on range type and use, historical range maps, and range regulations and
common practice for the time period of the fielded Davy Crockett Weapon System (i.e., 1961 through
1968). The nearest normally occupied areas to the Davy Crockett Ranges or radlatlon control areas
(RCAs) are 16 miles west-northwest.

1.3 HISTORICAL INFORMATION

The M101 spotting round contained approximately 6.7 ounces of DU, which was a component of
the 1960s-era Davy Crockett weapons system. Used for targeting accuracy, the M101 spotting rounds
emitted white smoke upon impact. The rounds remained intact or mostly intact on or near the surface
following impact and did not explode. Remnants of the tail assemblies may remain at each installation
where the U.S. Army trained with the Davy Crockett weapons system from 1960 to 1968. These
installations include Fort Benning, Fort Bragg, Fort Campbell, Fort Carson, Fort Gordon, Fort Hood, Fort
Hunter Liggett, Fort Jackson, Fort Knox, Fort Polk, Fort Riley, Fort Sill, Fort Wainwright (includes
Donnelly TA), Joint Base Lewis-McChord (Fort Lewis and Yakima TA), Joint Base McGuire-Dix-
Lakehurst (Frankford Arsenal Range), Schofield Barracks Military Reservation, and Pohakuloa TA.

The U.S. Army does not know if any cleanup or retrieval of these rounds or remnants has
occurred at the Davy Crockett Ranges; therefore, it is assumed that most, if not all, of the 140 kilograms
(kg) of DU from the rounds fired into RCAs at Schofield Barracks and Pohakuloa TA remains in the
RCAs.

1.4 PHYSICAL ENVIRONMENT

Pohakuloa TA is in the Humuula Saddle between the two major peaks on the Island of Hawaii;
Mauna Kea lies to the northeast and Mauna Loa lies to the south. Elevations within Pohakuloa TA range
from 4,030 to 8,650 feet above mean sea level (msl).

Pohakuloa TA lies within the Northwest Mauna Loa and the West Mauna Kea watersheds, which
drain to the northern Hualalai and southern Kohala coasts, respectively. There are no surface streams,
lakes, or other bodies of water within the Pohakuloa TA boundary due to low rainfall, porous soils, and
lava substrates. Rainfall, fog drip, and occasional frost are the main sources of water. Perennial streams
are more than 15 miles from Pohakuloa TA on the northeast side of the island.

Rainfall is the primary source of groundwater recharge at Pohakuloa TA, and the geology is
characterized by highly permeable lavas from which little or no runoff occurs. Most of the precipitation
percolates relatively quickly to the underlying groundwater and then moves seaward, discharging mto the
coastal waters.

Pohakuloa TA lies above two aquifer systems: the Northwest Mauna Loa and the West Mauna
Kea aquifer sectors. The majority of Pohakuloa TA lies within the Northwest Mauna Loa aquifer sector.
Based on regional hydrogeological information, it is believed that the groundwater beneath Pohakuloa TA
occurs primarily as deep basal water within the older Pleistocene age basalts (U.S. Army 2013).

1.5 EVALUATION OF POTENTIAL SOURCE-RECEPTOR INTERACTIONS

Source data were analyzed along with potential migration pathways and potential off-range
human and/or ecological receptors. This information was collected for the RCAs and used to determine if
a potential source-receptor interaction existed for each relevant pathway identified. Based on this
analysis, the source-pathway-receptor interaction was considered unlikely for the Davy Crockett Ranges.
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No surface water or groundwater migration pathways were identified. Due to the low mobility of
metals in soils and the depth to groundwater (greater than 1,000 feet below ground surface [bgs]), metals
were not expected to infiltrate through the soil profile to groundwater. In addition, due to low rainfall,
porous soils, and lava substrates, no perennial surface water bodies are located on, or immediately
adjacent to, Pohakuloa TA. The closest known surface water body is located 4.5 miles upgradient of
Pohakuloa TA. There are no perennial streams within 15 miles of Pohakuloa TA, but there are
intermittent streams located northeast of Pohakuloa TA and only one intermittent stream, Popoo Gulch,
drains the northern portion of Pohakuloa TA. Despite occasional flow, water in the intermittent stream
channels infiltrates rapidly once precipitation stops and the streams become dry (EA 2013).
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2.0 ERMP SAMPLE DESIGN

The PAERMP documented the conditions (i.e., “if-then” statements) for the sampling of each
environmental medium to be used during the development of the Site-Specific ERMPs, and only
environmental media recommended for sampling in the PAERMP are presented in the sections below.
Per the PAERMP, no sampling will occur within the RCAs or in the unexploded ordnance (UXO) areas
(also referred to as Dudded Impact Areas). In addition, background/reference sampling is not required
because the determination of DU presence will be based on an examination of the isotopic uranium ratios.
The sampling approach and rationale for each medium for the Davy Crockett Ranges at Pohakuloa TA are
discussed in the following sections.

2.1 SURFACE WATER AND SEDIMENT

There are no surface water features (i.e., streams, lakes, or other bodies of water) within the
Pohakuloa TA boundary, and intermittent streams flow only following heavy rainfall and dry up quickly;
therefore, sampling is restricted to sediment collection only. The sediment sampling approach will
involve the collection of sediment samples from a location downstream from the RCAs in Pohakuloa TA
(Figure 1-2). The sediment sampling location at Pohakuloa TA was selected based on the surface water
hydrology and potential for DU contribution and is located as follows:

e ERM-01—The selected sampling point is located at an intermittent stream at the
installation’s northern boundary, downstream from the RCAs. ERM-01 is accessible using
the Lightning Trail or via Saddle Road.

Sediment samples will be analyzed for total/isotopic uranium using U.S. Department of Energy
(DOE) Health and Safety Laboratory (HASL) method 300 (alpha spectrometry). Further details of
analytical procedures and quality assurance/quality control (QA/QC) information are presented in Annex
19. When analytical sampling results from locations outside the RCA indicate that the uranium-238
(U-238)/uranium-234 (U-234) activity ratio exceeds 3.0, the U.S. Army will notify NRC within 30 days
and collect additional sediment samples within 30 days of the notification to NRC. The sediment samples
displaying an activity ratio exceeding 3.0 will be reanalyzed using inductively coupled plasma-mass
spectroscopy (ICP-MS) for their U-234, uranium-235 (U-235), and U-238 content to calculate the U-235
weight percentage specified in 10 Code of Federal Regulations (CFR) § 110.2 (Definitions) and then to
determine if the sample results are indicative of totally natural uranium (at or about 0.711 weight percent
U-235) or DU mixed with natural uranium (obviously less than 0.711 weight percent U-235).

2.2 GROUNDWATER

Presently, no groundwater monitoring wells are located at or near the RCAs. The depth to
groundwater in the vicinity of Pohakuloa TA is approximately 1,000 feet bgs. Although the area within
the vicinity of Pohakuloa TA exhibits high soil permeability, the combination of limited precipitation and
great depth to groundwater make it unlikely that DU would migrate into the groundwater. For these
reasons and the additional rationale included in the PAERMP (U.S. Army 2015), groundwater sampling is
not planned for Pohakuloa TA.

23 SOIL

~ If an area of soil greater than 25 square meters (m?) eroded from an RCA is discovered during
routine operations and maintenance activities, the U.S. Army will sample that deposit semiannually with
one sample taken per 25 m® unless the soil erosion is located in a UXO area. The collection of ERM
samples in UXO areas generally will not occur. Exceptions will occur only with documented consultation
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among the License Radiation Safety Officer (RSO), installation safety personnel, and range control
personnel, who will advise the Installation Commander (i.e., they will prepare a formal risk assessment in
accordance with U.S. Army [2014]). The Installation Commander will then decide whether to allow the
collection. Otherwise, Pohakuloa TA does not meet any other criteria that would require soil sampling in
accordance with the PAERMP (U.S. Army 2015).

Prior to mobilization, field sampling personnel will contact Range Control, the Installation RSO,
or designee to determine if erosional areas within the RCA have been identified and, if so, sampled in

accordance with requirements in Section 3.0 and Annex 19.
)
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3.0 ERMP METHODOLOGY

The sampling and laboratory analysis procedures to be utilized during the ERM are described
below. These procedures provide additional details and required elements to support the Site-Specific
ERMP and must be utilized in conjunction with the standard operating procedures (SOPs) during
execution of ERM activities. This Site-Specific ERMP is to be used in conjunction with Annex 19, which
addresses programmatic requirements associated with ERM sampling, such as chain-of-custody (CoC),
packaging for shipment, shipping, collecting field QC samples (e.g., field duplicate samples), and
documenting potential variances from sampling procedures. Annex 19 has been prepared in accordance
with guidance from the Uniform Federal Policy for Quality Assurance Project Plan (UFP-QAPP)
Optimized Worksheets (IDQTF 2012). All entry to Pohakuloa TA will be coordinated with the
Pohakuloa TA Installation Safety Office and Range Control prior to mobilizing for fieldwork.

Only a laboratory that the U.S. Department of Defense (DoD) Environmental Laboratory
Accreditation Program (ELAP) has accredited for uranium analysis using both alpha spectrometry and
ICP-MS methods will perform radiochemical analyses for the purposes of NRC license compliance. The
U-238 to U-234 activity ratio and the weight percent U-235 are used to determine whether a given sample
is indicative of natural uranium or DU. The laboratory will use alpha spectrometry to analyze samples for
U-234 and U-238 activities in order to comply with license condition #17 in NRC SML SUC-1593. All
samples with U-238/U-234 activity ratios exceeding 3.0 will be reanalyzed using ICP-MS for their
U-234, U-235, and U-238 content to identify samples with DU content (NRC 2016). The ICP-MS results
for U-234, U-235, and U-238 are summed to calculate a total mass of uranium present, which will be used
to calculate the weight percentage of U-235 and then to determine if the sample results are indicative of
totally natural uranium (at or about 0.711 weight percent U-235) or DU mixed with-natural uranium
(obviously less than 0.711 weight percent U-235). Additional details about the sampling and analysis to
support this Site-Specific ERMP are included in Annex 19.

3.1 SURFACE WATER SAMPLING

No surface water samples will be collected because of the lack of surface water features (i.e.,
streams, lakes, or other bodies of water) due to low rainfall, porous soils, and lava substrates within
Pohakuloa TA.

3.2 SEDIMENT SAMPLING

The collection of the sediment sample will consist of the compositing of at least 10 subsamples
collected from various areas of the stream bed. Sediment samples will be collected from the stream bed
using a clean, disposable plastic scoop. Sampling locations within the stream bed should be selected
where the intermittent surface water flow is low and/or deposition is most likely. The sediment sampling
procedure is as follows:

1. The individual performing the sampling will don clean gloves and prepare a disposable tray
or sealable plastic bag and a plastic scoop.

2. Use a disposable scoop to remove the loose upper sediment uniformly from at least 10

subsample locations, starting downstream from the area to be sampled and moving upstream.
Do not exceed 3 centimeters in depth into the sediment. Collect a sufficient quantity of
sediment for QA/QC.

3. Place sediment into a disposable tray or sealable piastié bag (e.g., Ziploc®). -

Remove rocks, large pebbles, large twigs, leaves, or other debris.
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9.

Remove excess water from the sediment. This may require allowing the sample to settle.
Thoroughly mix (homogenize) the sediment within the disposable tray or bag.
Fill the appropriate sample containers.

Mark the sample location with a stake and log its coordinates using a differential global
positioning system (DGPS) unit.

Collect digita] photographs and document data in the field logbook.

Additional details of the sediment sampling and the field procedures are provided in Annex 19.
Once samples are collected, the samples and all QA/QC samples will be shipped to the selected
laboratory for analysis. Sample handling (i.e., labeling, packaging, and shipping) and CoC procedures
will follow those detailed in Annex 19.
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4.0 RESRAD CALCULATIONS

This section documents. the dose assessment results for a hypothetical residential farmer receptor
located on each RCA, as applicable, and for the same receptor scenario located at the nearest normally
occupied area, respectively. The dose assessments were completed to comply with license condition #19
of NRC SML SUC-1593.

~ The dose assessments were conducted using the Residual Radiation (RESRAD) 7.2 (Yu et al.
2016a) and RESRAD-OFFSITE 3.2 (Yu et al. 2016b) default residential farmer scenario pathways and
parameters with the following exceptions:

Nuclide-specific soil concentrations for U-238, U-235, and U-234 were calculated for each
RCA by multiplying the entire mass of DU listed on the license for the installation (140 kg
for Schofield Barracks and Pohakuloa TA) by the nuclide-specific mass abundance, the

 nuclide specific activity, and appropriate conversion factors to obtain a total activity in

picocuries (Table 4-1). That total activity was then assumed to be distributed homogenously
in the top 6 inches (15 cm) of soil located within the area of the RCA.

Table 4-1. Specific Activity and Mass Abundance Values

Specific Activity Mass Abundance”
Nuclide _ Ci/g %
U-234 6.22 x 107 3.56 x 10™
U-235 2.16 x 10°® 0.0938
U-238 3.36 x 107 99.9058
Depleted uranium® 3.6 x 107 100

2 10 CFR 20, Appendix B, Footnote 3.
® Mass abundance calculations provided in Attachment 1.

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

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

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

RESRAD

INPUTS

Table 4-2. Non-Default RESRAD/RESRAD-OFFSITE Input Parameters for Pohakuloa Training
Area RCAs

Parameter

| Default Value |

Areal

Area 2

Area 3

Area 4 Justification or Source

Pohakuloa Training Area, Hawaii

Internal dose library DCFPAK 3.02 |FGR11& 12 | FGR11& 12 |FGR 11 & 12 | FGR 11 &12 | Conservative dose coefficients
for site contaminants
Contaminated Zone ' s .
U-234 N/A 1.38 %1072 1.38 x 1072 1:38 x 1072 9.19 x 10 | Site-specific calculation based on
. 3 3 3 ) the DU mass listed in the NRC
Soil ' U-235 N/A 1.26 x 10 1.26 x 10 1.26 x 10 8.41x 10 SML (NRC 2016). = DU mass x
concentrations : - a
(pCilg) ' nuclide specific mass.aPundance
U-238 N/A 0.21 0.21 0.21 0.14 x nuclide specific activity® / (CZ
area x CZ depth x CZ density)
2; f;’ of contaminated zone 10,000 1,000,000 1,000,000 1,000,000 1,500,000 | Area of RCA
Depth of contaminated 5 0.15 0.15 0.15 0.15 NRC SML SUC-1593, Item 11,
zone (m) ’ ’ ’ ) Attachment 5
Fraction of contamination 0 0 0 0 0 Depth to groundwater is
that is submerged : approximately 1,000 ft bgs
Length parallel to aquifer 100 1.000 1.000 1.000 1.500 Groundwater flows northeast
flow (m) ’ ’ ’ ? across RCA
Contaminated zone total : RESRAD Manual Table E.8
porosity 04 0.43 0.43 0.43 0.43 (DOE 2001) for Fine Sand
Contaminated zone )

. . RESRAD Manual Table E.2

?n);(/i)r,:)iuhc conductivity 10 4,930 4,930 4,930 4,930 (DOE 2001) for Loamy Sand
Contaminated zone b RESRAD Manual Table E.2
parameter >3 4.38 4.38 4.38 4.38 (DOE 2001) for Loamy Sand
Average annual wind
speed (m/s) 2.0 53 53 53 53 U.S. Army 2013
Precipitation rate (annual 1.0 0.51 0.51 0.51 0.51 U.S. Army 2013
rainfall) (m/y)
Saturated Zone ) . )
Saturated zone total RESRAD Manual Table E.8
porosity 0.4 0.43 0.43 0.43 0.43 (DOE 2001) for Fine Sand
Saturated zone effective RESRAD Manual Table E-8
porosity 0.2 0.33 033 0.33 0.33 (DOE 2001) for Fine Sand
Saturated zone hydraulic : RESRAD Manual Table E.2
conductivity (m/y) 100 4,930 4,930 4,930 4,930 (DOE 2001) for Loamy Sand
Saturated zone b y RESRAD Manual Table E.2
parameter >3 438 4.38 4.38 438 (DOE 2001) for Loamy Sand
Unsaturated Zone )
Unsaturated zone 1, total - RESRAD Manual Table E.8
porosity 0.4 0.43 0.43 0.43 0.43 (DOE 2001) for Fine Sand
Unsaturated zone 1, RESRAD Manual Table E-8
effective porosity 0.2 0.33 0.33 0.33 0.33 (DOE 2001) for Fine Sand
Unsaturated zone 1, soil- RESRAD Manual Table E.2
specific b parameter 33 4.38 4.38 4.38 4.38 (DOE 2001) for Loamy Sand
Unsaturated zone [

s L. RESRAD Manual Table E.2

. ?gfl(/j}r,z)xuhc conductivity 10 4,930 4,930 4,930 4,930 (DOE 2001) for Loamy Sand
? See Table 4-1.
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RCA Layout Parameter

Area 2

Area 3

Table 4-3. Non-Default RESRAD-OFFSITE Input Parameters Pohakuloa Training Area RCAs

Area 4

jiA,tmosﬁ]fer‘i\\c ‘ransport nghméféf o

T

Ak R A

Distan.ce to nearest normally 4,900 3,400 4,400 6,000
occupied area (m)
Bearing of X axis (degrees) 135 (northeast) 135 (northeast) 135 (northeast) 135 (northeast)
X dimension of primary 1,000 1,000 1,000 1,000”
contamination (m)
¥ dimension of primary 1,000 1,000 1,000 1,500
contamination (m)
Locati " X Coordinate (m) Y Coordinate (m) X Coordinate (m) | Y Coordinate (m) | X Coordinate (m) | Y Coordinate (m) { X Coordinate (m) | Y Coordinate (m)
ocation

Smaller Larger Smaller Larger Smaller | Larger | Smaller | Larger | Smaller | Larger | Smaller | Larger | Smaller | Larger | Smaller | Larger
Fruit, grain, non-leafy 500 53125
vegetables plot ) 6,000 6,032 500 53125 | 4,500 4,532 500 531.25 | 5,500 5,532 500 531.25 7,600 7,632
Leafy vegetables plot 500 531.25 6,034 6,066 500 531.25 | 4,534 4,566 500 531.25 | 5,534 5,566 500 531.25 7,634 7,666
Pasture, silage growing area 500 600 6,216 6,316 500 600 4,716 4,816 500 600 5,716 5,816 500 600 7.816 7916
Grain fields 500 600 6,066 6,166 500 600 4,566 | 4,666 500 600 5,566 5,666 500 600 7,666 7,766
Dwelling site 500 531.25 5,900 5,932 500 531.25 | 4,400 4,432 500 531.25 5,400 5,432 500 531.25 7,500 7,532
Surface-water body 500 800 6,316 6,616 500 800 4,816 5116 500 800 5,816 6,116 500 800 7916 8,216

Meteorological STAR file*

|

‘Groundwater Transport Parameter

CA_SAN_DIEGO.str

CA_SAN_DIEGO.str

CA_SAN_DIEGO.str

CA_SAN_DIEGO.str

Distance to well (parallel to
aquifer flow) (m)

4,900

3,400

4,400

6,000

Distance to surface water
body (SWB) (parallei to
aquifer flow) (m)

5,316

3,816

4,816

6,416

Distance to well
(perpendicular to aquifer
flow) (m)

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

-150

-150

-150

-150

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

150

150

150

150

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

315

315

315

315

* RESRAD Offsite has no meteorological STAR files for Alaska or Hawaii. The selected STAR file is based on nearest available location. The inhalation pathway dose is insignificant to external
and groundwater dose pathways.
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4.2 RESULTS

Table 4-4 presents the dose assessment results. Figure 4-1 presents graphs of the dose assessment
results over the evaluation period. The calculated site-specific all pathway dose for each RCA evaluated
at Pohakuloa TA does not exceed 1.0 x 10 milliSievert per year (mSv/y) (1.0 millirem per year

[mrem/y]) total effective dose equivalent (TEDE) and meets license condition #19 of NRC SML SUC-
1593.

Table 4-4. RESRAD-Calculated Maximum Annual Doses for Resident Farmer Scenario

RCA Offsite”
RCA Onsite” (RESRAD) (RESRAD-OFFSITE)
Maximum Annual Dose (mrem/y)
Davy Crockett Range Area 1 0.025 0.012
Davy Crockett Range Area 2 0.025 0.013
Davy Crockett Range Area 3 0.025 0.012
Davy Crockett Range Area 4 0.017 0.0074

The onsite residential farmer receptor resides on the RCA.

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

RESRAD and RESRAD-OFFSITE output reports for each RCA are provided on the compact
disk (CD).
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Figure 4-1. Residential Farmer Receptor Dose Graphs for Pohakuloa Training Area RCAs
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Davy Crockett Range Area 2
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Davy Crockett Range Area 3
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Davy Crockett Range Area 4
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Attachment 1
Analysis of NRC’s Default Value for Depleted Uranium Specific Activity
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Analysis of NRC's Default Value for Depletéd Uranium Specific Activity

Each of the values of the relative mass abundances for the naturally occurring uranium isotopes in the
legacy Davy Crockett depleted uranium on Army ranges helps determine the source terms for RESRAD
calculations, the performance of which is a license condition. This note shows how | estimated them
using the NRC default value for the specific activity of depleted uranium.

The third footnote to the tables in Appendix B of Title 10, Code of Federal Regulations (CFR), Part 20,

“Standards for Protection Against Radiation,” says, “The specific activity for ... mixtures of U-238, U-235,
and U-234, if not known, shall be: SA = 3.6E-7 curies/gram U for U-depleted.” However, 10 CFR 20 does
not describe how the NRC arrived at that value and I have not been able to learn this from NRC sources,

In general, the following equation provides the specific activity for a mixture of the three naturally
occurring isotopes of uranium?:
S = Z S; a;
7

Sis the specific activity of the mixture of naturaily occurring uranium isotopes, S, is the specific activity
for uranium isotope i, a: is the relative molar mass abundance for uranium isotope 7 in the depleted
uranium, and J denotes the uranium isotopes uranium-234 (**U), 25U and U,

Rather than looking up each S; in a table, I calculated them from fundamental values to maximize
accuracy. By definition, the specific activity for a particular isotope S is the activity .1; per mass m; for
the isotope 7. Also, by definition: :

A= AN;
A; is the decay constant and A is the number of atoms of uranium isotope /in the sample with mass. ;.
Thus,
AiN;
S = e
m;
A is related to the half-life £;;as follows:
In2
Ai T m—
bigt

If N, is set to Avogadro’s number (V = 6.02 x 10%),2 then, by definition, n is the mass of a mole of
isotope i, given by M;, which is the atomic weight of isotope 7 with assigned units of grams. So,

1 Although contaminants, including 226U, are possible, even likely, at levels less than parts per million, | am not
including contaminants in these calculations nor in the REsrAD calculations because of their negligible impact on
the results.

? In performing the calculations, | used all available significant digits in a spreadsheet. This note generally displays
only two or three significant digits in the equations. Minor discrepancies in calculated results are due to round-off.
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Analysis of NRC’s Default Value for Depleted Uranium Specific Activity

Values of the relative molar mass abundances, the half-lives, and the atomic weights for the naturally
occurring uranium isotopes are available on a chart of the nuclides.®> The following table contains data
used in calculations below: ‘

Table — Isotopic Properties

Isotope Natural Relative Half-life | Molar Mass Specific Activity*
Molar Mass Abundance (s) (g) - {Bgg?) (Cig?)
B4 0.000054 7.75 x 102 234.04 2.30x10°% | 6,22 107®
55y 0.007204 2.22 x 10'¢ 235.04 7.99 x10% | 216 x10°
68 0.992742 1.41 x 10”7 238.05 1.24 x10" | 3.36 x 1077
By definition:

1= auass + auass + auass

A second equation involves the ratio of ay.xss to au.aas in depleted uranium. If aou.234 is the natural
relative mass abundance for **U and ao,y.235 similarly for 2°U, then

Qy-234 = Ao,u-234Du-234
ay.23s = ou-235Du-23s |
Dy.234 is the depletion of 2*U in depleted uranium and Dy.;s similarly for 25U, with
0 (complete depletion) £ D; £ 1 (no depletion)
Kolafa® estimated the depletion of U relative to the depletion of U as follows:

Dyaze = (1 —4&)"
Dy.z3s = (1—3&)"

gis the single stage enrichment efficiency per the difference of the uranium isotope atomic mass
number from the atomic mass number of 2®U and is much less than one. n is the number of enrichment
stages.
For large n:

Dy.z34 > €7*"¢
DU-235 - e-3nc

Eliminate the product 1 by taking the logarithm of both equations:

In Dy.z35 = =3n¢

3 For example, see http://atom.kaeri.re.kr/nuchart/.
41 curie (Ci) = 3.7 x 10 becquerels (Bq)

5 http://www.ratical.org/radiation//vzajic/u234.html
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Analysis of NRC’s Default Value for Depleted Uranium Specific Activity

So,
1
ne = —'3-111 Du_235
Substituting for ne
4
InDy.z34 = 5InDy.o35

Finally, exponentiating both sides of the equation,

4/3
Dy.z3a = Dls-z/ag
So,
‘ 4/3
Qy.a34 = ﬂn.u-zdelg.zgg
Thus,

ay.z34 = (5.4 % 10-5)D§7)
ay.235 = (7.204 x 1073)Dy 335
ay.3s = 1= (54 x 10-5)DS3) — (7.204 % 10~3)Dy 535

The NRC provides in 10 CFR 20:
§=3.6% 107 Ci g
Returning to the first equation above, then
(622 x 1073 Cig 1)(5.4 x 10~5)DE3) + (2.16 x 10~6Ci g=1)(7.204 x 10~3)Dy 235

+(336 x 107Ci g™ ) [1— (5.4 x 10-5)DYL) — (7.204 X 107%)Dy. s
=36x10"7Cig™

Dividing by 10”7 Ci g1 and collecting terms,
3.36D83) +0.131Dy 35 — 0.239 = 0

Solving, Dy.z3s = 0.13, and®

ap.ng = 0.00000356
au-ps = 000093806
ay-zns = 0.99905838

® The values for **U and U actually contain only one or two significant digits. | show more digits because | will
use them in RESRAD calculations, Properly, the results should read ay.ass = 0.000004, qy.3s = 0.0009, and .

ay.as = 0.9991. For comparison, typical isotopic abundances in depleted uranium according to the Department of
Energy are aya3s = 0.000007, ap.ass = 0.0020, and ap.aas = 0.9980 (DOE-STD-1136-2009), which corresponds to a
specific activity of $ = 3.8 ¥ 107 Ci g™, | note that the derived DOE value for Dy.za4 is 0,13, which is inconsistent

with Kolafa’s estimate calculated from the derived DOE value for Dy.ags: Dﬁ‘zlgs) = (0.28)¢V/3 = 0.18.

Page 3of 3
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Subject: [External _Sender] urgent need for site inspection in Hawaii for license SUC-1593

Ms Rachel Browder

Rachel.Browder@nrc.gov

Mr. Stephen Koenick, Chief, Materials Decommissioning Branch, gave me your e-mail as a contact
concerning the inspection program for the NRC license SUC-1593 issued to the U.S. Army, specifically
for the Pohakuloa Training Area in Hawaii.

I include here a copy of the letter | sent to Mr. Koenick regarding the urgent need for immediate
inspection of the monitoring program at PTA. In large part, this was brought about because the sample
location was changed from that originally selected and it appears to have been done so without any
comprehensive determination as to its suitability.

Mr. Koenick in his August 21, 2018 letter to me points out that License Condition No. 17 requires the
licensee to notify the NRC when any sampling result indicates a U-238/U-234 activity ratio greater than

3. Inthe May 16, 2018 data summary of the ERMP provided by the Army to the NRC, there is an
appendix A with a graph showing what the proportion of DU must be present with natural uranium to
achieve this ratio of 3. The graph indicates that DU would have to be in excess of 40 percent. For all
practical purposes, this is impossible to attain outside of the radiation controlled areas (RCA) and renders
the entire sampling program fatally flawed for the objective of determining if DU in any form or
concentration is transported outside the RCAs.

There are many shortcomings in the monitoring program from appropriateness of the sample site, the
method of analysis, and the lack of analytical controls. However, relocation without proper vetting is a
clear violation of any principled scientific method. An immediate inspection is warranted.

Thank you for your attention.

Michael Reimer, Ph.D.
Retired Geologist
GeoMIke5@att.net
9/21/2018

Michael Reimer, Ph.D.
[REDACTED ADDRESS]
September 18, 2018

Mr. Stephen Koenick, Chief
Materials Decommissioning Branch
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Mr. Koenick,

Thank you so much for sending me (August 21, 2018 letter) the Adams Library location of the US Army
report on uranium monitoring for DU at various Army bases. It is very important to have this document
available publically and I hope that full data disclosure will be available on a continuing basis for future

public review.

As you recall, my 2.206 petition argued that | felt the sampling siting, methodology and analytical method
for Pohakuloa Training Area, Hawaii, were inadequate. In reading the report, not only are my concerns
supported but enhanced. | believe, with urgency, before additional samples are collected, it is time to
make major adjustments in the radiation monitoring plan for PTA.


mailto:Rachel.Browder@nrc.gov
mailto:GeoMIke5@att.net

The analytical data for the three quarters in 2017 at PTA are reported as “estimated” because of
measurement uncertainty and MDA being greater than 10 percent of sample activity. This is fully a
condition of inadequate sample analysis. If the chosen technique cannot even determine natural
background with certainty and consistency, it would be impossible to determine even modest DU
contamination. Further, there is no control site or reference sample for comparison and that in itself
invalidates this entire sampling program. Alpha spectrometry as used is improper and for this type of
analysis. A check of the U238/U235 ratio supports this observation and perhaps suggests enriched
uranium should also be considered for analysis. | recommend that alpha spectrometry be discarded and
all samples be analyzed with either TIMS or ICP-MS not only for natural uranium isotopes but for isotopes
consistent with expended fuel rod reclamation.

The report states the sample site originally identified was found to be located outside the PTA boundary
and the sample collector, apparently on self-volition, chose an alternate sample site thought to be within
the PTA boundary. As far as it is known, this alternative sample site was never reviewed for proper and
adequate connection with the RCAs. To even suggest that the sample site is acceptable because it is
downstream from the RCAs is a travesty and an insult to the scientific method. | recommend that this site
be properly confirmed immediately with rigorous field inspection and that a drainage analysis be
performed to show how it is connected to the RCAs and how much drainage from other sites may be
involved to create dilution effects of the sample. If you

Mr. Stephen Koenick p.2 September 18, 2018

insist on continuation of this analytical method, and because of the high probability of sample dilution, |
again recommend that the ratio of 3 for U238/U234 used to define DU presence be discarded and
anything greater than 1 (within 1 sigma counting statistics) be used to indicate the presence of DU. Note
in Appendix A of the report the amount of DU that would have to be in a natural sample to obtain a ratio of
3. Thatis not probable at PTA unless sampling is within the RCAs. In addition, a comprehensive and
rigorous air-sampling program must be emplaced because of the obvious and demonstrated inadequacy
of the sediment sampling program at PTA.

It was my recollection that the Army made a correction to the map of the sample site in that the boundary
of PTA was originally misplaced because of a scale transfer error. The location error should have been
corrected previously but it appears this was not the case.

It is critically urgent for an immediate inspection of the PTA site because of the sample site location
change. In addition, in the past year there have been some significant precipitation events at PTA and
sampling should have been conducted immediately during or after those events so that some water
samples may have been available. As | previously pointed out, the high porosity of the basalts at PTA
offers little chance to find standing or flowing water so this appears to be an opportunity lost. This point
again confirms the inadequacy of the sampling program at PTA.

Please consider reopening my 2.206 petition on your own motion. | proposed several alternative
methods that would vastly improve this sampling program. It is time to make adjustments to ensure the
monitoring program is realistic for its stated purpose and not just a shell to address the requirement of the
Source Materials License SUC-1593.

Sincerely,

Michael Reimer, Ph.D.
Retired geologist
GeoMike5@att.net


mailto:GeoMike5@att.net






