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Subject: License STC-133, Proposed Plan for the Indepent Radiological Assessment to Support
License Termination at the DLA Strategic Materials Scotia Depot
Mr. Hammann,
Enclosed please find the Project-Specific Plan for the Independent Radiological Assessment And License
Termination For The Defense Logistics Agency Scotia Depot Scotia, New York (License No. Stc-133) and
the Proposed Site-Specific Derived Concentration Guideline Levels for the Scotia Depot Scotia, New
York. These documents provide the required infom1ation and the proposed plan to implement
independent radiolgicical surveys to support the termination of the U.S. Nuclear Regulatory Commission
License No. STC-133 for the DLA Strategic Materials Scotia Depot and demonstrate compliance with the
criteria for license termination as defined in 10 CFR 20.1402.
We are requesting that NRC grant approval, in the form of a license amendment, to follow the
decommissioning path of a Group 2 facility with a variance to use site-specific derived concentration
guideline levels (DCGLs) in lieu of screening values for performing a final status survey (FSS) and
demonstrating compliance with release criteria for the remaining Scotia Depot structures. Natural thorium
and uranium screening criteria are being proposed for the site soils.
If you have any questions, please contact our Radiation Safety Officer, Mr. Robert Skruck, at (330) 6521456. We look forward to your response.

Sincerely,

RONNIE FAVORS
Administrator
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EXECUTIVE SUMMARY
Defense Logistics Agency (DLA) Strategic Materials is in the process of closing out excess depots
across the country; and for these closed facilities, as well as those remaining as operational, seeking
to terminate the U.S. Nuclear Regulatory Commission (NRC) license for those facilities. The depots
were historically used to maintain stores of strategic raw materials such as ferro-chrome, chromite,
ferro-manganese, tungsten, columbium-tantalum ores, monazite sand, and thorium nitrate. Some of
these materials, including thorium nitrate, monazite sand, and specifically for the DLA Strategic
Material’s Scotia Depot (SD), certain lots of the tungsten, columbium, and tantalum ores were
determined to contain thorium and uranium in sufficient concentrations to be considered licensable
radioactive materials. As a result, operations involving these materials at the SD in Scotia, New
York, were included on DLA Strategic Material’s U.S. Nuclear Regulatory Commission (NRC)
source material license STC-133. The SD is currently owned by the federal government’s General
Services Administration (GSA) and is operated by DLA Strategic Materials.
NRC materials license STC-133 originally encompassed several DLA facilities including SD. All
DNSC depots that historically stored licensable materials, with the exception of SD, have undergone
successful decommissioning and have since been removed from the license. In January 2010, SD
applied for a renewal of license STC-133 which was subsequently granted in Amendment No. 34,
dated February 17, 2010. The license authorizes storage, sampling, repackaging, and transfer as
necessary for activities of the DNSC. Per its NRC license, no material processing was performed. All
stored radioactive materials were naturally occurring. Storage of licensable materials at SD ceased
completely in 2006 (SD 2016).
In 2007, ORAU conducted a historical site assessment (HSA). Visits to review available
documentation and conduct personnel interviews were performed on June 5–7, 2007, at the Scotia
Depot and June 20–21, 2007, at the DLA Strategic Materials headquarters in Fort Belvoir, Virginia.
Documents reviewed included historical radiological survey reports, decontamination reports, the
NRC license and associated letters, various internal memos, inventory record cards, and preliminary
SD assessment reports.
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ORAU also conducted radiological scoping surveys at SD in 2007. The effort included surveys of
buildings and land areas within the current SD boundaries. The scoping survey encompassed visual
inspections and radiological surface scans, total and removable surface activity measurements, and
soil sampling. Surveys conducted inside Warehouses 505 and 506 were limited due to the large
volume of inventory stored at the facility. In 2015, ORAU was tasked with developing an updated
HSA for SD. This allowed for inclusion of more recent events including scoping survey results,
licensing actions, and personnel changes.
Based on the principal features and discriminators identified in NUREG-1757, SD exhibits
characteristics most applicable to a Decommissioning Group 2. The underlying issue with this
classification is the expected difficulty with the unrealistically low surface activity screening criteria
for uranium and thorium published in NUREG-5512, Volume 3, Table 5.19 (Pcrit= 0.90) due
primarily to instrument limitations and continued storage of licensed-exempt quantities of thorium.
SD is requesting that NRC grant approval, in the form of a license amendment, to follow the
decommissioning path of a Group 2 facility with a variance to use site-specific derived concentration
guideline levels (DCGLs) in lieu of screening values for performing a final status survey (FSS) and
demonstrating compliance with release criteria for the remaining SD structures. Natural thorium and
uranium screening criteria are being proposed for the site soils.
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PROJECT-SPECIFIC PLAN FOR THE INDEPENDENT RADIOLOGICAL
ASSESSMENT AND LICENSE TERMINATION
FOR THE DEFENSE LOGISTICS AGENCY SCOTIA DEPOT
SCOTIA, NEW YORK
(LICENSE NO. STC-133)

1. INTRODUCTION
The Defense Logistics Agency (DLA) Strategic Materials is in the process of closing out excess
depots across the country; and for these closed facilities, as well as those remaining as operational,
seeking to terminate the U.S. Nuclear Regulatory Commission (NRC) license for the respective
facilities. The depots were historically used to maintain stores of strategic raw materials such as
ferro-chrome, chromite, ferro-manganese, tungsten, columbium-tantalum ores, monazite sand,
thorium nitrate, and others. Some of these materials, including thorium nitrate, monazite sand, and
specifically for the DLA Strategic Material’s Scotia Depot (SD), certain lots of the tungsten,
columbium, and tantalum ores were determined to contain thorium and uranium in sufficient
concentrations to be considered licensable radioactive materials. As a result, operations involving
these materials at the SD in Scotia, New York were included on DLA Strategic Material’s NRC
source material license STC-133.
Commodities at SD have been stored primarily in strong, tight containers, such as steel drums,
inside warehouses and protected from the environment. Some materials were originally stored in
burlap sacks, but were later transferred to more suitable containers. The current SD footprint does
not contain any outdoor pads with a history of licensable material storage. However, there were
times at which materials containerized in steel drums were staged outside while waiting to be
transferred to one of the warehouses for more long-term storage.
Per SD’s NRC license, no material processing was performed. All stored radioactive materials were
naturally occurring. As a result, the graded approach to site cleanup is relatively straightforward:
•

Remove the containerized source material

•

Perform scoping surveys to identify any unknown and unanticipated areas of potential
contamination from licensable materials
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•

Apply NRC screening values and/or prepare derived concentration guideline limits
(DCGLs) to determine the requirements for any cleanup

•

Conduct a final status survey that will confidently demonstrate the site satisfies all license
termination requirements

Because of the simplicity in the SD operation, the license termination process is substantially less
complicated than for sites where radioactive materials were either processed, chemically-separated,
naturally enhanced, enriched, or otherwise involved the use of special nuclear materials or fission
products.
The criteria for license termination are defined in 10 CFR 20.1402 as:
“Title 10 CFR §20.1402: Radiological criteria for unrestricted use. A site will be considered
acceptable for unrestricted use if the residual radioactivity that is distinguishable from background
radiation results in a TEDE [total effective dose equivalent] to an average member of the critical group
that does not exceed 25 mrem (0.25 mSv) per year, including that from groundwater sources of
drinking water, and that the residual radioactivity has been reduced to levels that are as low as
reasonably achievable (ALARA).”
A licensee has two options to demonstrate compliance with the criteria listed above: determine
site- specific DCGLs that correspond to the release criteria, or use default screening values
acceptable to the NRC. DLA is proposing a hybridized approach for demonstrating compliance
with radiological release criteria at SD. The proposed approach involves the use of both screening
values and site-specific DCGLs. Specifically, it is proposed that all land areas be evaluated for
compliance using the default screening values found in NUREG-1757, Volume I, and Table B.2
(NRC 2006). The screening values for building surfaces developed and provided by NRC in
NUREG-5512 Volume 3 Table 5.19 (Pcrit= 0.90) are very conservative and are not realistic for a
reasonable future site receptor. Site-specific DCGLs are proposed for the remaining SD structures.
The conceptual site model and the DCGLs calculated using the proposed site-specific parameters
are documented in a separate report (ORAU 2016).
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3. FACILITY DESCRIPTION
3.1

LOCATION AND PHYSICAL CHARACTERISTICS

The Scotia Depot site is located west of the village of Scotia, New York, in Schenectady County.
The site address is Scotia Depot, Route 5/Amsterdam Road, Building 12, Scotia, NY 12302-7463.
The geographic coordinates of the Scotia Depot are latitude N 42° 50’ 18” and longitude W 73° 59’
12” on the 7.5-minute quadrangle New York State Department of Transportation map (Parsons
2001).
The current SD footprint consists of a 13.92-acre (5.6 hectare) parcel of land adjacent to the north
side of the New York Route 5. The SD originally consisted of approximately 337 acres
(137 hectare). However, much of the property has been subdivided and sold since 1972. The
surrounding area, including former SD property, is used for commercial activities. The Mohawk
River is located approximately 1,500 feet west-southwest of the site and serves as the major drainage
feature (ERS 2004).
The land area consists of roadways, an abandoned rail line running between the warehouses, and
minimal grassy areas. All roadways are assumed to have been used to transport material via truck.
The rail line is known to have been used to deliver material to and from the warehouses. The rail
line has since been paved over with asphalt and is no longer operational.
3.2

STRUCTURES

Seven buildings remain within the current SD footprint—see Figure 3.1—mostly in good to
excellent condition, including two warehouses that are used to store raw materials. Currently,
approximately 60% of the available 120,000 ft2 (11,000 m2) of indoor space in each warehouse is
being used for commodity storage.
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Figure 3.1. Scotia Depot Site Boundary and Remaining Structures
Scotia License Termination
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Warehouses 505 and 506 are identical in design. The buildings are constructed from steel-sided
cinderblock walls and wooden trusses. During the 2015 visit, it was identified that both warehouses
had undergone roof maintenance in 1996. The original tar and gravel roofs were removed and
replaced, while the original roof decking material remains (SD 2016). Each warehouse is
approximately 200 × 600 feet (61 meters × 183 meters), divided into four sections by cinderblock
firewalls extending through the roof. For naming convention, the sections within each warehouse
are numbered as Sections 1, 2, 3, and 4 from west to east. The interior of each warehouse is further
divided into 300 bays, consisting of 10 south-to-north rows designated alphabetically as A–J, and 30
west-to-east columns designated numerically as 1–30. Sections 1 and 4 each have eight columns of
bays, while Sections 2 and 3 each have seven columns of bays.
The commodities inside Warehouse 505 and 506 are stored in drums and organized neatly into rows.
As seen in Figure 3.2, drums are placed on pallets and stacked on top of each other. Aisles and/or
areas of separation exist between the rows of pallets.

Figure 3.2. Material Storage at Scotia Depot
Each warehouse has an integrated dry-pipe fire-suppression system. There is a non-functioning
coal-fired ventilation system that has cement asbestos board ducts running along many internal
walls. Ventilation systems did not have a return air system. The concrete floor is cracked in many
places. The original wooden guttering system inside the warehouses is still intact. The gutters were
designed to capture any precipitation entering the warehouse and divert it away from the stored
materials. The collected water discharges directly to the floor. There are no floor drains within the
warehouses.
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Materials were delivered to the warehouses via several routes. A rail line ran between the two
warehouses—north of Warehouse 506, south of Warehouse 505 (Figure 3.1). Roll-up doors provide
access into each bay from the rail line. Additional roll-up doors are located on the east and west ends
of each warehouse and were used as truck loading/unloading bays.
The remaining five buildings exist as auxiliary buildings used for storage and/or office space. With
the exception of small volume samples stored in Buildings 12 and 22, licensable materials were not
stored in the auxiliary buildings. A decontamination/shower trailer had been positioned on the
south side of Warehouse 506; the trailer was removed after in the early 1990s. Effluents from the
trailer were discharged into the sanitary sewer (SD 2016). The decontamination trailer was replaced
with a decontamination station inside of Building 2 and was used until 1999. Building 2 was
demolished in 1999 and a new decontamination area was setup inside Building 14 during that same
timeframe (SD 2016).
3.3

FACILITY OPERATING HISTORY

Certain lots of the tungsten, columbium, and tantalum ores stored at SD were determined to contain
thorium and uranium in sufficient concentrations to be considered licensable radioactive materials.
As a result, operations involving these materials at DLA’s SD in Scotia, New York, were included on
DLA Strategic Material’s NRC source material license STC-133. Licensed activities at SD formally
ceased in 2006 after these materials had been dispositioned. The current license expires February 29,
2020.
3.4

PREVIOUS SITE RELEASE ACTIVITIES

The majority of SD’s original property was released for unrestricted use in March 2006. The NRC
approval for partial site release was granted based on the results of radiological studies and surveys
that were conducted for those portions of the property that were included in the partial site release
request. Most notable of these surveys was the 2004 FSS, which concluded there was no residual
radiological contamination present in the areas associated with the partial site release (ERS 2004).
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3.5

SPILLS

Commodities at SD are currently stored in strong, tight containers, such as steel drums, inside
warehouses and protected from the elements. All licensable material was in solid form. Some
commodities, including the licensable material, were originally stored in burlap sacks, wooden kegs,
and/or wooden boxes, but were later transferred to more suitable containers inside Section 3 of
Warehouse 505 . It was primarily during these activities when some material was released inside the
warehouses. Spills were remediated using general housekeeping techniques prescribed in site
standard operating procedures. No spills of licensed materials are known to have occurred outside
of the warehouses.
3.5.1

Building 505

According to tungsten Repackaging Records, tungsten ore in burlap sacks was repackaged into steel
drums using a hopper and dust suppression/filtration system in bays I-21/H-21 of Section 3 in
approximately 1980. At the time, the material was not considered licensable and was treated as any
other non-toxic material. According to employee memory, tungsten dust was thick enough to be
visible in the air, and a layer of dust fell onto all surfaces in the area. Ventilation consisted of
opening a roof-level window and using an industrial fan to blow the filtered air/dust out the roof
windows (SD 2016). Whether the filtration system used included high efficiency particulate air
(HEPA) filters could not be confirmed. While accessible surfaces may have been cleaned, a
significant amount of dust could still be present in inaccessible areas such as on rafters and window
sills. In 1986, a number of drums storing tungsten ore that were known to be corroding were
repackaged into new drums.
3.5.2

Building 506

The columbium and tantalum ores stored in Section 2 were opened and sampled on several
occasions. In 1994, prospective buyers of the ore were permitted to open several drums and take
grab samples of the ore. No radiological controls were used for the 1994 sampling. In 1997, and
again in 2000, DLA Strategic Material staff opened and sampled several drums in order to
characterize the contents. During the 1997 and 2000 sampling events, extensive radiological controls
were used, including lining the walls and floor with plastic sheeting. The tungsten ore sampling
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efforts were conducted from 1996 to 2003 and included opening and sampling 10% of the tungsten
drums stored in Section 1. There were two spills of tungsten ore in Sections 1 and 2, one in March
2006, and one in April 2006. One spill is reported to have occurred when a forklift punctured a
drum containing tungsten ore, lifted the pallet, and drove through a greater portion of Sections 1
and 2 of the building. The result was a trail of ore approximately 6 inches wide by 90 feet long. The
spilled material was subsequently cleaned up. This tungsten spill also affected Section 2. The second
spill occurred in bay 1H/J of Section 1. This spill was much smaller and approximately 18 inches in
diameter (SD 2016). This spill was cleaned up as well. After both spills were cleaned up, surface
scans were performed to identify any residual contamination; no contamination was identified.
3.6

CURRENT/FUTURE LAND USE

The current SD footprint is surrounded on all sides by an industrial/commercial business park,
which was originally part of SD. Further to the east and west, the land use is mixed
residential/commercial. Land use to the south of the depot is a mixture of commercial, residential,
agriculture, and recreational. Depot security consists of a completely encircling fence and 24-hour
security personnel (Parsons 2001). The most recent release of property was via the Multi-Agency
Radiation Site Survey and Investigation Manual (MARSSIM) process, conducted by ERS Solutions, with
the FSS report published in 2004 (NRC 2000, ERS 2004). The study concluded that no residual
radiological contamination was present (ERS 2004). SD, in its current configuration, will continue to
be used as a DLA Strategic Materials storage facility.
4. RADIOLOGICAL STATUS OF FACILITY
4.1

HISTORICAL SITE ASSESSMENT AND SCOPING SURVEY

In 2007, ORAU conducted a HSA (ORAU 2007). Visits to review available documentation and to
conduct personnel interviews were performed on June 5–7, 2007 at the SD and June 20–21, 2007 at
the DLA headquarters in Fort Belvoir, Virginia. Documents reviewed included historical radiological
survey reports, decontamination reports, the NRC license and associated letters, various internal
memos, inventory record cards, and preliminary SD assessment reports.
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ORAU also conducted radiological scoping surveys at SD in 2007 (ORAU 2008). The effort
included surveys of buildings and land areas that encompassed visual inspections and radiological
surface scans, total and removable surface activity measurements, and soil sampling. Surveys
conducted inside Warehouses 505 and 506 were limited due to the large volume of inventory stored
at the facility.
In 2015, ORAU was tasked with developing an updated HSA for SD (ORAU 2015a). This allowed
for the inclusion of more recent events, including scoping survey results, licensing actions, and
personnel changes. Utilizing information assembled from the HSAs and scoping surveys, SD can
more clearly determine the necessary license termination activities, including preparation and
implementation of the FSS plan and development of initial survey unit classification per guidance
identified in the MARSSIM.
4.2

POTENTIAL CONTAMINANTS

SD operations consisted of storage of various strategic materials. Drums of columbium-tantalum
ores received from other depots were stored outside in stacked drums before being moved inside.
The columbium-tantalum ores were later moved and stored inside in their original drums. Also, large
quantities of tungsten were also stored. As a result of the sampling campaigns where each originating
source lot of tungsten was sampled, the various tungsten material lots were able to be designated as
either licensable or license-exempt materials. As such, the materials identified as being potential
sources of radioactive contamination at SD are columbium, tantalum, and tungsten.
Columbium-tantalum material contains thorium dioxide concentrations ranging from <0.001% to
0.104% by weight and uranium oxide concentrations ranging from 0.002% to 0.350% by weight
(ORAU 2008). The tungsten materials were initially assumed to not contain licensable
concentrations of uranium and thorium until sampling of the drums was conducted from 1996 to
2003. This sampling revealed that some of the lots of tungsten contained total uranium and thorium
above the threshold required for licensing of source material (0.05% total U + Th by weight). The
range of thorium dioxide was 0.044% to 0.096%, and the range for uranium dioxide was 0.001% to
0.029% (ORAU 2008).
The radionuclides of concern (ROCs) are from both the thorium series and uranium series. The
thorium series has thorium-232 (Th-232) as the parent, followed by ten progeny radionuclides
Scotia License Termination
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expected to be in equilibrium with Th-232. The thorium series emits alpha, beta, and gamma
radiations. The uranium series has predominately uranium-238 (U-238) as the parent with eighteen
progeny. The uranium series also emits alpha, beta, and gamma radiation.
5. SITE RELEASE CRITERIA
In characteristic cases matching the small potential for residual contamination and diminutive
complexity of SD, licensees would typically opt to use generic, yet highly conservative, screening
values developed and provided by NRC in NUREG-5512 Volume 3, Table 5.19 (Pcrit= 0.90) and
NUREG-1757 Volume 1 Appendix B. It is widely understood that these screening values are
developed by means of dose-based modeling using ultra conservative computational modeling
inputs.
Computationally developed site-specific DCGLs are considered more realistic to the characteristics
of the structures and still apply a necessary level of conservatism. The proposed DCGLs have been
generated with the latest version of RESRAD-BUILD (Version 3.5) computer codes developed by the
Argonne National Laboratory using the same inputs used in the license termination activities
conducted at Curtis Bay Depot (CBD) and Hammond Depot (HD), both of which were used for
similar, and identical in many respects, activities that have and will continue to be performed at SD.
Those site-specific DCGLs were approved for implementation by the NRC during
decommissioning of CBD and HD. NRC’s justifications for approval can be reviewed in the
environmental assessments (EAs) developed by NRC for CBD (ML071630492) and HD
(ML073250179) dated June 15, 2007, and November 21, 2007, respectively.
ORAU performed the dose modeling for CBD and HD using the most realistically conservative
models allowed within the context of the RESRAD-BUILD software. In order to provide NRC
with the technical basis and rationale used to develop these models, ORAU prepared comprehensive
documents specific to CBD and HD that discussed the justifications behind all modeling inputs
(ORISE 2006a and 2006b). The subject warehouses at SD, CBD, and HD facilities are very similar,
consisting of large structures with minimal or no room partitioning. A separate document has been
prepared that presents the method of determination for SD site-specific DCGLs that are proposed
for the design of the FSS and ultimately FSS data quality assessment to demonstrate the site can be
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released for unrestricted use, and accordingly, the NRC license terminated. In support of this
proposed approach, a site-specific DCGL analysis for the SD has been provided in Proposed SiteSpecific Derived Concentration Guideline Levels for the Scotia Depot, Scotia, New York (ORAU 2016).
Table 5.1 summarizes the proposed DCGL values, as determined using RESRAD-BUILD dose
modeling, and documented in the DCGL development report. For reference, Table 5.1 also presents
the default screening levels planned for evaluating SD soils. Because natural thorium was the
predominant radioactive series in the licensed material, the FSS will be planned for and data
compared with the proposed 400 dpm/100 cm2 Th-232 DCGL rather than developing a gross
activity DCGL for potential mixtures of the two series.
Table 5.1. Summary of Proposed Soil and Building DCGLs for Natural Thorium and
Natural Uranium, Scotia Depot
Primary Radionuclide

Soil DCGL
(pCi/g)
(from NUREG 1757)

Building DCGL (dpm/100 cm2)
(from RESRAD-BUILD)

Th-232 (and decay products)

1.1

400

U-238 (and decay products)

0.5

800

In the presence of multiple ROCs, the unity rule must be applied—specifically for soil sample
results. The unity rule will be applied for planning for and evaluating surface soil FSS data using the
following equation:
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇ℎ−232 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈−238
+
<1
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑇𝑇ℎ−232
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑈𝑈−238
6. DECOMMISSIONING/LICENSE TERMINATION PLAN
The NRC defines a decommissioning plan (DP) as:
A detailed description of the activities that the licensee intends to use to assess the radiological status of
its facility, to remove radioactivity attributable to licensed operations at its facility to levels that permit
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release of the site in accordance with NRC’s regulations and termination of the license, and to
demonstrate that the facility meets NRC’s requirements for release. A DP typically consists of several
interrelated components, including (1) site characterization information; (2) a remediation plan that has
several components, including a description of remediation tasks, a health and safety plan, and a quality
assurance plan; (3) site-specific cost estimates for the decommissioning; and (4) a final status survey plan
(see 10 CFR 30.36(g)(4).
As identified in 10 CFR (§) 40.42(d), NRC may not require a formal DP when
decommissioning/remediation processes and procedures are expected to be consistent with those
already approved for routine operations. In cases where not-previously-approved procedures are
deemed necessary for decommissioning, a DP will likely be required.
A review of all available data associated with SD indicates the license termination process does not
present risk to human health and/or the environment that would not be effectively mitigated or
eliminated through implementation of current operational procedures. If NRC concurs that a DP is
unnecessary, the decision will be formally documented in an EA. In support of this assumption,
Table 6.1 provides examples of four DLA facilities that have successfully terminated their NRC
license without the requirement of an approved DP. Accession numbers specific to each EA
confirming the decision are provided.
Table 6.1. Examples of DLA License Terminations without a Decommissioning Plan
Site Name

NRC Accession Number

Defense Nuclear Supply Center Depot in Binghamton, NY

ML062270048

Somerville Depot in Hillsborough, NJ

ML072610071

Strategic Materials Depot in New Haven, IN

ML110330364

Defense National Stockpile Center in Scotia, NY (partial site release)

ML060520131

7. FINAL STATUS SURVEY PLAN
There will be an FSS planned and conducted for each survey unit associated with the buildings and
outdoor areas. The FSS plans will be prepared in accordance with the guidance presented in the
MARSSIM and data utilized from the HSA and scoping surveys for planning and implementing the
FSS (NRC 2000 and ORAU 2007). The following sections provide the requirements for the
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planning phase of the FSS. The plan will follow the data quality objective (DQO) process and
ensure that all buildings and land areas are surveyed with the necessary rigor that corresponds with a
given building or land area contamination potential. The DQO process includes the following seven
steps:
Step 1: State the problem
Step 2: Identify the decisions
Step 3: Identify inputs to the decisions
Step 4: Define the study boundaries
Step 5: Develop a decision rule
Step 6: Specify the decision errors
Step 7: Optimize the survey design
7.1

INITIAL MARSSIM CLASSIFICATIONS

Rationale for the proposed classifications were derived from information collectively presented in
the HSA and scoping survey as discussed in previous sections. Table 7.1 summarizes the applicable
structure classifications (defined below) and rationale delineated by specific physical boundaries
within each of the structures.
•

Class 1 – Areas known to be contaminated or to likely be contaminated at levels at or above
the DCGL

•

Class 2 – Areas that are possibly contaminated but where the levels are less than the DCGL

•

Class 3 – Areas that have a potential for contamination at levels that are a small fraction of the
DCGL

7.1.1

Class 1 Structures

Class 1 structures include concrete floors found in Warehouses 505 and 506. Overhead structural
surfaces located within the historical repackaging area of Warehouses 505 will also be considered
Class 1. Floor areas of both warehouses were known to have been impacted through inadvertent
spills of material. Spills were remediated using general housekeeping techniques prescribed in site
standard operating procedures. Radiological contamination was not identified on warehouse floors
during the scoping survey. However, due to accessibility issues associated with commodity storage,
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data collected during the scoping survey was of insufficient quantity to suggest a reduced level of
coverage in determining compliance with release criteria. In addition, a single location of low-level
activity was identified on an upper ledge of the repackaging area of Warehouse 505, Section 3.
Because adequate data are not available, all surfaces within the repackaging area of Warehouse 505
will designated as Class 1 for the FSS. No other areas of contamination were identified in the
remainder of structures during the scoping survey.
7.1.2

Class 2 Structures

Concrete floors and lower walls in the garage area of Building 12 have potential for contamination.
Personnel interviews indicate that samples have been stored in this area on shelves and in cabinets.
No spills of samples were noted, but there remains a potential risk.
All remaining walls in Warehouses 505 and 506 have potential for contamination but at levels
expected to be less than the proposed DCGLs.
Concrete floors and lower walls in Building 22 have the potential for contamination due to storage
of material samples visually identified during the May 2015 site visit ORAU conducted. The method
of storing samples in Building 22 was not practiced during prior visits to the site. It is likely that this
practice was employed only after removal of licensed materials. However, this could not be
confirmed.
Although radiological contamination was not identified, both the current and underlying original
floors and lower walls of the Building 14 “decontamination area” are considered to have the
potential for contamination. Personnel interviews claim the area has been refurbished and
potentially contaminated surfaces covered.
7.1.3

Class 3 Structures

The remaining structures listed below present only slight potential for contamination and are
considered a Class 3.
•

Ceilings in Warehouse 505 (excluding the repackaging area) and Warehouse 506

•

Floors, lower walls, upper walls, and ceilings in Building 23

•

Upper walls and ceilings in Building 22
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One area in Building 23 was identified as having elevated activity during the scoping survey. ORAU
resurveyed the suspect anomaly during the May 27, 2015, site visit, and no elevated direct radiation
could be confirmed. The original anomaly appears to have been due to natural phenomenon such as
temporary buildup of radon commonly encountered on cinderblock.
7.1.4

Stored Commodities

After license termination, SD will continue to store packaged commodities. In order to support FSS
surveys, the commodities will need to be temporarily relocated to allow access to building surfaces.
Because of former repackaging operations of the licensed materials in Section 3 of Building 505, a
potential exists that some dust from the licensable materials could have settled on the outside of
containers and pallets of license exempt materials that remain on site. Furthermore, dust from
license exempt material, which also contains thorium, could also have accumulated on drums and
pallets that remain stored. Because of the conservative—i.e., low surface activity proposed DCGL
for Th-232—it is not unrealistic that dust from the exempt material could be mistaken for residual
contamination either on the items themselves, or if the dust were to accumulate on building surfaces
after the facility license is terminated. It is not economically feasible to attempt to distinguish
whether any dust exhibiting elevated radiation counts currently present on these items were from the
licensed or licensed-exempt materials. Therefore, during the FSS, as packaged materials are moved
for area access or prior to re-storage, steps will be taken to identify the presence of any removable
licensable material exhibiting on the packaging/pallets to ensure that previously surveyed areas are
not impacted. To that end, a statistical sampling approach utilizing the MARSSIM/Multi-Agency
Radiation Survey and Assessment of Materials and Equipment Manual (MARSAME) will be used.
Large-area wipes (LAWs) or smear samples will be collected from a representative portion of the
population of containers. The LAWs or smears will be evaluated on site in order to make real-time
decisions as to whether general housekeeping practices, such as vacuuming materials from these
items, may be performed.
7.1.5

Land Areas

The historical record reviews and DLA staff interviews resulted in no evidence of licensable
materials being stored outdoors within the current SD footprint. Other areas that were formally part
of SD footprint were surveyed and released for unrestricted use in 2006. Soil areas that are present
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within the current footprint were surface scanned during the scoping survey for direct gamma
radiation over approximately 100% of the accessible land area, including roadways and sidewalks.
Areas identified as having elevated direct radiation were marked for soil sampling and/or further
investigation. As detailed in the scoping survey, areas of elevated direct gamma radiation were
primarily seen around the immediate perimeter of Warehouses 505 and 506. Soil samples were
collected in those areas and demonstrated that Th-232 and U-238 concentrations are consistent with
natural background, confirming that the observed increased detector response was the result of
geometry and/or the building’s materials of construction interferences. Based on the site history and
scoping survey results, the land areas will be established as Class 3 areas.
7.1.6

Groundwater

Groundwater contamination is not suspected because no significant radioactive source term is
expected in the ground. There has been no evidence of surface or subsurface soils being
radiologically impacted. Soil contamination is typically considered a prerequisite to the
contamination of groundwater. Also, it is expected that, if present, thorium migrates slowly and is
not likely to reach groundwater.
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Table 7.1. Structure Classification Summary
Building
Warehouse
505

Warehouse
505

Warehouse
505

Warehouse
505

Warehouse
506

Location

Section 1

Section 2

Section 3

Section 4

Section 1

Surface

Class

Floors

1

No documented confirmation of licensable material storage. There is potential for residual
contamination on floors.

Lower/upper
walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors

1

Used for licensed material storage based on personnel interviews. There is potential for residual
contamination on floors.

Lower/upper
walls

2

There is also potential for residual contamination on upper and lower walls, but it is less likely
since materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors, lower
walls, and
overhead
structures

1

Used for licensed material storage and repackaging from burlap sacks and corroded drums.
During repackaging, it is likely that material deposited on floors and potentially on overhead
surfaces.

Upper walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors

1

Used for licensed material storage based on personnel interviews. There is potential for residual
contamination on floors.

Lower/upper
walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors

1

Used for licensed material storage and documented spills occurred in this section. There is
potential for residual contamination on floors.

Lower/upper
walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.
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Table 7.1. Structure Classification Summary
Building

Warehouse
506

Warehouse
506

Warehouse
506

12

14

Location

Section 2

Section 3

Section 4

Garage

Decon
area

Surface

Class

Floors

1

Used for licensed material storage and documented spills occurred in this section. There is
potential for residual contamination on floors. There is potential for residual contamination on
ceilings, but it is unlikely.

Lower/upper
walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors

1

No documented confirmation of licensable material storage. However, based on the nature of
the process and proximity to areas where documented spills have occurred, there is potential for
residual contamination on floors.

Lower/upper
walls

2

There is potential for residual contamination on upper and lower walls, but it is less likely since
materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors

1

Used for licensed material storage and repackaging. During repackaging, it is likely that material
deposited on floors and potentially on overhead surfaces.

Lower/upper
walls

2

There is also potential for residual contamination on upper and lower walls, but it is less likely
since materials of this nature typically settle on floors and horizontal surfaces.

Ceilings

3

There is potential for residual contamination on ceilings, but it is unlikely.

Floors/lower
walls

2

Samples of licensed materials were stored in cabinets and on shelves. There is a low potential for
residual contamination on floors and lower walls.

Upper
walls/ceilings

3

There is very little potential for contamination to be present on upper walls and ceilings.

Floors/lower
walls

1

After working with licensed materials, workers came to this area in order to remove dirty
clothing, launder the clothing, and shower to remove potential contamination. There is a low
potential for residual contamination on floors and lower walls. There is even less potential for
contamination to be present on upper walls and ceilings.

Upper
walls/ceilings

2

There is low potential for contamination to be present on upper walls and ceilings.
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Table 7.1. Structure Classification Summary
Building
22

23

Location
Workshop
area
Garage

Surface

Class

Rationale for Classification

Floors/lower
walls

3

Samples were seen sitting on the workbench inside the workshop area during the 2015 site visit.
However, the samples were from other depots and did not contain licensable material (SD 2016).

Upper
walls/ceilings

3

There is very little potential for contamination to be present on upper walls and ceilings.

Floors/lower
walls

3

There is no documented history of material storage, but it cannot be ruled out. The presence of
residual contamination is unlikely anywhere in the building.
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7.2

SURVEY UNITS

As previously discussed, the SD site has been subdivided into three categories based on
contamination potential as either Class 1, 2, or 3 in accordance with MARSSIM.
During FSS planning, buildings and land areas will be further subdivided into survey units which will
provide the fundamental unit for demonstrating compliance with the DCGLs. Survey unit size
restrictions will generally follow the recommended size limitations provided in MARSSIM. Each
survey unit represents a portion of the site with similar contamination potential. Table 7.2 provides
the survey unit size recommended by MARSSIM.
Table 7.2. MARSSIM-Recommended Survey Unit Sizes
Recommended Survey Area

Class

7.3

Structures

Land Areas

1

Up to 100 m2

Up to 2,000 m2

2

100 to 1,000 m2

2,000 to 10,000 m2

3

No limit

No limit

INTEGRATED SURVEY STRATEGY

Final status survey data collected for structural surfaces will include gamma and alpha, alpha-plusbeta, and/or beta scans to identify any locations of elevated direct radiation and direct
measurements to quantify surface activity. Final status surveys of open land areas will consist of
gamma scans to identify locations of residual contamination and samples of soil, analyzed for
potential contaminants. Additional judgmental measurements and samples will be obtained, as
necessary, from locations where scans indicate potential residual contamination.
7.3.1

SURFACE SCANS

Gamma radiation surface scans using Ludlum Model 44-10 sodium iodide (NaI[Tl]) scintillation
detectors have been or will be performed over land areas and structures. Gamma radiation scan data
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of land areas will be collected using a global positioning system (GPS) that enables real-time gamma
count rate and position data capture. For structure surfaces, alpha-plus-beta, alpha-only, and/or
beta-only radiation scans will be performed using large-area Ludlum Model 43-37 gas proportional
detectors for floors and some warehouse walls, and hand-held Ludlum Model 43-68 gas
proportional detectors for scans of walls and ceilings. Hand-held Ludlum Models 43-92 and 44-142
plastic scintillator or Model 44-9 Geiger-Mueller (GM) detectors may also be used in lieu of the
Ludlum Model 43-68 detectors for alpha and beta scans. Building surface scans, in most cases, will
also be electronically logged. All detectors will be coupled to ratemeters or ratemeter-scalers with
audible indicators and also coupled with hand-held data loggers to collect the scanning count rate
data at one-second intervals; this allows evaluations of the distribution, identification of possible
outliers, as well as comparison with other datasets. Scan coverage for the FSS are presented in
Table 7.3 by survey unit classification and are based on MARSSIM recommendations.
Table 7.3. Definition and Scan Density by Classification
Scan Density

Classification

Definition

1

Surfaces that have a significant potential
for radioactive contamination exceeding
the release criteria or formerly contained
contamination in excess of the release
criteria and were remediated

2

3

Surfaces that have a potential for
radioactive contamination, but at levels
that are less than the release criteria
Survey units that are expected to contain
little or no residual contamination based
on site operating history or previous
radiological surveys

Floors

Lower
Walls

Upper Walls
and Ceilings

High
density
(~100%)

High
density
(~100%)

High density
of horizontal
surfaces
(~100%)

Medium
density
(~10 to
50%)

Medium
density

Low density

Low
density
(<10%)

Low
density

0 to low
density

A summary of instrumentation used for the FSS, along with typical operation parameters, is
presented in Table 7.4. Prior to the FSS a priori minimum detectable concentrations (MDCs) will be
evaluated and survey techniques will be optimized to ensure project DQOs are met.
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Table 7.4. FSS Instrumentation and Typical Operating Parameters
Instrument

Detector

Typical Scan MDC
(dpm/100 cm2)

Typical Static MDC
(dpm/100 cm2)

Ludlum Model 2221

Ludlum Model 43-68, handheld gas flow proportional

400/700,b

90/200a

Ludlum Model 2221

Ludlum Model 43-93, handheld alpha scintillator

400b

100

Ludlum Model 2221

Ludlum Model 44-142, handheld beta scintillator

850

260

Ludlum Model 2221

Ludlum Model 43-47, largearea gas flow proportional
detector (floor monitor)

400/1,600a,b

N/A

Ludlum Model 2221

Ludlum Model 44-9, pancake
GM detector

TBDc

TBDc

aFormat

is alpha/beta
MDC is not necessarily applicable for direct alpha scans, rather the alpha value represents the
a surface activity equal to the DCGL which will have a probability of detection greater than 95%.
cto be determined
bScan

7.3.1.1

Class 1 Land Area Survey Units

There are no Class 1 land areas associated with the current SD footprint.
7.3.1.2

Class 2 and 3 Land Area Survey Units

Gamma radiation scans have been or will be performed over 10–50% of the Class 3 land areas with
areas near roads, railroads, and structures receiving the highest coverage. Scans will include paved
areas such as roads, walkways, and parking lots. Scans of paved roads, walkways, and parking lots
will also include alpha-plus-beta investigations using the large-area gas proportional detector.
7.3.1.3

Class 1 Building Survey Units

All Class 1 building surfaces will be 100% scanned during FSS for gamma, alpha, beta, and/or
alpha-plus-beta.
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7.3.1.4

Class 2 and 3 Building Survey Units

Class 2 building survey units will be scanned for gamma, alpha, beta, and/or alpha-plus-beta
radiation during FSS. Up to 50% of the accessible Class 2 surfaces will be scanned. Professional
judgment combined with a systematic approach will be used to select scan areas dependent upon
visual inspections, historical records of spills or cleanups, scoping surveys, and findings as the FSS
survey progresses. In buildings, upper walls and overhead structures will be scanned with emphasis
on horizontal surfaces where residual material may have settled. Up to 25% of the accessible Class 3
surfaces will be scanned for gamma, alpha, beta, and/or alpha-plus-beta.
7.3.2

Soil Sampling and Surface Activity Measurements

Structural surfaces will be assessed by collecting the required number of surface activity
measurements within each survey unit. The basis for assessing Th-232 and U-238 surface activity
levels via gross measurements is provided in Section 5. Both the Th-232 and U-238 decay series emit
alpha and beta radiations. Therefore, direct measurements may assess alpha, beta, and/or
alpha-plus-beta surface activity levels for comparison to the appropriate DCGL. The measurement
method selected will ensure that minimum detectable concentration requirements are met for both
scanning and direct measurement surveys. When multiple contaminants are present with different
DCGLs and gross measurements are performed, a gross activity DCGL may be calculated based on
the fractions of each contaminant present within the mixture. Alternatively, the more restrictive
DCGL may be selected. For the SD, all structure survey data will be evaluated against the Th-232
DCGL. Soil sample data will be evaluated against both the Th-232 and U-238 and application of the
unity rule.
7.3.2.1

Calculation of Required Number of Measurements

The number of measurements/samples to meet the FSS data objectives is dependent on the
variability in ROC concentration. The relative shift is the MARSSIM parameter that describes the
survey unit’s ROC concentration relative to the DCGL and the variability. The relative shift (Δ/σ) is
calculated for each survey unit by:
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∆
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𝜎𝜎

Where,

DCGL = the gross or radionuclide specific guideline
LBGR = lower bound of the gray region; should be established as the estimated mean activity within
the survey unit, but may be adjusted to maximize survey design
σ = variability in concentration where:
1) The larger variability between the survey unit, σs, and the background reference area, σr, is
selected for the Wilcoxon Rank Sum (WRS) test.
2) The survey unit and construction material-specific background count rate errors are
propagated for the Sign test.
The DQOs are evaluated for each survey unit or survey area and the decision errors selected. The
Type 1 decision error—the probability of incorrectly rejecting H0 when it is true—will be 0.05 and
the Type II errors—the probability of incorrectly accepting H0 when it is false—are expected to be
0.05 or 0.10. Once the above parameters are established, the number of data points required by the
statistical test will be obtained either from Tables 5.3 (WRS test) or 5.5 (Sign test) in MARSSIM or
otherwise generated using Visual Sampling Plan (VSP) software. The scoping survey data are
available as the initial planning inputs for both building survey units and soil areas. These estimated
means and uncertainties will be used to determine the number of direct measurements or samples
required to satisfy FSS requirements.
7.3.2.2

Determining Measurement/Sampling Locations

Measurement/sampling locations will be established in either a random-start/systematic fashion for
Class 1 and Class 2 survey units and at randomly generated locations for Class 3 survey units as well
as background reference areas. Random start/systematic determinations will follow the
recommended guidance using a triangular measurement or sampling pattern to increase the
probability of identifying small areas of residual activity. The spacing (L) between data points on a
triangular pattern is determined by:
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L = [(Survey Unit Area)/(0.866 × number of data points)]1/2
The spacing between rows is calculated as: 0.866 × L
A unique GPS coordinate location for each soil sample location and standard X, Y Cartesian
coordinates, referenced to the southwest building/room corner or lower left wall corner, will be
generated using the latest version of VSP software
7.3.2.3

Background Reference Area and Materials

Background reference areas will been selected and sampled/measured for comparing site soil sample
data to and in evaluation of the FSS data in accordance with the planned non-parametric WRS
statistical test that will be used for land area survey units. The background reference areas selected
will share similar geo-physical properties as the site and will not have been impacted by site
operations. Structural survey units will be evaluated using the non-parametric Sign Test.
Construction material-specific backgrounds will be determined in areas of similar construction but
without a history of radioactive material use. These construction material-specific measurements will
be used to correct direct measurement for background contributions prior to converting data to the
DCGL compliance unit of dpm/100 cm2.
7.3.2.4

Soil Sample Collection and Analysis

As land areas are Class 3, FSS surface soil samples (0– 0.15 m) will be collected from pre-determined
random locations as applicable. Additionally, judgmental samples have been or will be collected
from locations where elevated direct gamma radiation is detected by surface scans. Soil samples are
maintained under formal chain-of-custody procedures and then analyzed by gamma and/or alpha
spectroscopy, with results reported in units of pCi/g. The analytical method selected will ensure that
the MDCs achieved are a fraction of the DCGL. Typical alpha spectroscopy MDCs for Th-232 and
U-238 in soil are 0.01 pCi/g.
7.3.2.5

Surface Activity Measurements

FSS direct measurements to quantify total alpha, alpha-plus-beta, or beta activity levels will be
performed at pre-determined random start/systematic or random locations as applicable. Additional
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judgmental measurements have been or will be made within any areas of elevated direct radiation
identified by surface scans and at contiguous locations to delineate anomaly boundaries.
Measurements will be made using gas proportional detectors, or equivalent, coupled to ratemeterscalers. Efficiency determinations will be based on the mixture of radionuclides that are present
within these decay series and will be established to represent the activity level of the parent
radionuclides; i.e., Th-232 or U-238. Surface activity data will be converted to units of
dpm/100 cm2. Smear samples, although not used in the final data quality assessment, will be
collected from judgmental locations to measure removable alpha and beta surface activity.
Any location identified as having a surface activity above the DCGL will be assumed to have
resulted from licensed material. The location will then be remediated using currently approved
operational procedures. Subsequently, the area will be re-surveyed.
8. DETERMINING COMPLIANCE WITH RELEASE CRITERIA
8.1

LAND AREA SURVEY UNITS

Land area survey units will be evaluated using the WRS test. Survey unit and background reference
area soil sample results collected from the random locations will be converted to unity in accordance
with Section 5. The reference area results will then be adjusted by adding the DCGL of 1, in terms
of the unity concentration value. The results for both data sets are then ranked as follows:
•

Rank all (survey unit and reference area) measurements in order of increasing size from 1 to
N, where N is the total number of pooled measurements.

•

If several measurements have the same value, assign them the average ranking of the group
of tied measurements.

•

Sum the ranks of the adjusted reference area measurements; this value is the test statistic,
WR.

•

Compare the value of WR to the critical value in MARSSIM Table I.4 for the appropriate
sample size and decision level.
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Prior to applying the test, if the difference between the largest survey unit result and the smallest
reference area result is less than the DCGL, the survey unit will always pass a complete application
of the WRS test. No further evaluation is necessary and the null hypothesis is rejected. Otherwise,
WR must be calculated. If WR is greater than the critical value, H0 is rejected, and the survey unit
meets the established criteria. If WR is less than or equal to the critical value, H0 is not rejected, and
the survey unit does not meet the established criteria; investigation, remediation, reclassification,
and/or resurvey should be performed as appropriate. Land areas covered by asphalt or concrete will
be treated in the same manner as building survey units; see Section 8.2 below).
BUILDING SURVEY UNITS

8.2

Structural survey units will be evaluated using the Sign test. Individual activity values and the average
activity value will be calculated.
If all values from the random or random-start/systematic locations for a survey unit are less than the
DCGL, the survey unit satisfies the criterion and no further evaluation is necessary.
If the average activity value is greater than the guideline, the survey unit does not satisfy the
criterion, and further investigation, possible reclassification, remediation, and/or resurvey is
required.
If the average activity value is less than the guideline level, but some individual values are greater
than the guideline, data evaluation by the Sign test proceeds, as follows:
•

List each of the survey unit measurements.

•

Subtract each measurement from the guideline level.

•

Discard all differences which are “0”; determine a revised sample size.

•

Count the number of positive differences; this value is the test statistic, S+.

•

Compare the value of S+ to the critical value in MARSSIM Table I.3 for the appropriate
sample size and decision level.

If S+ is greater than the critical value, H0 is rejected, and the survey unit meets the established
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criteria. If S+ is less than or equal to the critical value, H0 is not rejected, and the survey unit does
not meet the established criteria; investigation, remediation, reclassification, and/or resurvey should
be performed, as appropriate. An elevated measurement comparison would also be necessary for
any locations within either the random or judgmental data populations that exceed the DCGL.
9. REPORTING
The results of the FSS will be compiled into a detailed report that will be submitted to the NRC for
review. The contents of the report will provide all applicable data and documentation necessary to
support the request for license termination.
10. QUALITY ASSURANCE PROGRAM
Calibration of all field and laboratory instrumentation will be based on standards/sources, traceable
to NIST.
Analytical and field survey activities will be conducted in accordance with procedures from the
following ORISE documents:
•

ORAU Radiological and Environmental Survey Procedures Manual (ORAU 2015b)

•

ORAU Radiological and Environmental Analytical Laboratory Procedures Manual (ORAU 2015c)

•

ORAU Environmental Services and Radiation Training Quality Assurance Manual (ORAU 2015d)

The procedures contained in these manuals were developed to meet the requirements of the
U.S. Department of Energy’s Order 414.1C and the NRC Quality Assurance Manual for the Office
of Nuclear Material Safety and Safeguards and contain measures to assess processes during their
performance.
Quality control procedures include:
•

Daily instrument background and check-source measurements to confirm that equipment
operation is within acceptable statistical fluctuations.
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•

Participation in the Mixed Analyte Performance Evaluation Program and Intercomparison
Testing Program Laboratory Quality Assurance Programs.

•

Training and certification of all individuals performing procedures.

•

Periodic internal and external audits.
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PROPOSED SITE-SPECIFIC DERIVED CONCENTRATION GUIDELINE
LEVELS FOR THE SCOTIA DEPOT
SCOTIA, NEW YORK

1. INTRODUCTION
The Defense Logistics Agency (DLA) Strategic Materials is in the process of closing out excess
depots across the country and for those remaining as operational, seeking to terminate the U.S.
Nuclear Regulatory Commission (NRC) license for those facilities that no longer possess licensable
materials. The DLA’s Scotia Depot (SD) in Scotia, New York formerly stored containerized lots of
the tungsten, columbium, and tantalum ores that contained thorium and uranium in sufficient
concentrations to be considered licensable radioactive material As a result, operations involving
these materials at the SD were included on DLA Strategic Material’s NRC source material license
STC-133. Storage of licensable materials at SD ceased completely in 2006 (SD 2016).
The majority of SD’s original property was released for unrestricted use in March of 2006. The
approval for partial site release was granted based on radiological studies and surveys conducted
during these prior site investigations. Most notable of these surveys was the 2004 final status survey
(FSS), which concluded there was no residual radiological contamination present in the areas
associated with the partial site release (ERS 2004).
Commodities at SD have been stored primarily in strong, tight containers, such as steel drums,
inside warehouses and protected from the environment. Some materials were originally stored in
burlap sacks but were later transferred to more suitable containers. The current SD footprint does
not contain any outdoor pads with a history of licensable material storage. However, there were
times at which materials containerized in steel drums were staged outside while waiting to be
transferred to one of the warehouses for more long-term storage.
Per SD’s NRC license, no material processing was performed. All stored licensable materials
contained naturally occurring radionuclides consisting of natural thorium and uranium. As a result,
the graded approach to license termination has been relatively straightforward: remove the
containerized source material; perform scoping surveys to identify any areas of residual licensable
radioactive materials that may have resulted from spills or repackaging; model derived concentration
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guideline levels (DCGLs) to determine the need for any cleanup; and conduct a FSS to demonstrate
compliance with license termination requirements. Because of the simplicity in the SD operation, the
license termination process is substantially less complicated than for other DLA sites where stored
radioactive materials included materials that had been processed and concentrated or involved
storage of large quantities of bulk, licensable materials.
The criteria for license termination are defined in 10 CFR 20.1402 as:
“Title 10 CFR §20.1402: Radiological criteria for unrestricted use. A site will be considered acceptable for
unrestricted use if the residual radioactivity that is distinguishable from background radiation results in a TEDE to
an average member of the critical group that does not exceed 25 mrem (0.25 mSv) per year, including that from
groundwater sources of drinking water, and that the residual radioactivity has been reduced to levels that are as low as
reasonably achievable (ALARA).”
A licensee has two options to demonstrate compliance with the criteria listed above: determine
site-specific DCGLs that correspond to the release criteria, or use default screening values
acceptable to the NRC. DLA is proposing a hybrid approach to demonstrating compliance with
radiological release criteria at SD involving the use of both default screening values and site-specific
DCGLs. Specifically, DLA is proposing that remaining site land areas be evaluated for compliance
using the default screening values for natural thorium and uranium that are provided in NUREG1757, Volume I, Table B.2 (NRC 2006). The screening values for building surfaces developed and
provided by NRC in NUREG-5512, Volume 3, Table 5.19 (Pcrit= 0.90) are very conservative and
would prove difficult to meet due to instrument limitations and continued storage of licensedexempt quantities of thorium (NRC 1999a). Therefore, DLA is proposing that site-specific DCGLs
are applied to building structures at SD for determination of compliance with free release criteria.
The computationally-developed site-specific DCGLs that are proposed are considered more realistic
to the characteristics of the structures yet still apply a necessary level of conservatism. The DCGLs
have been generated with the current version of RESRAD-BUILD (Version 3.5) computer code,
developed by the Argonne National Laboratory using consistent inputs and conceptual site as was
used for the license termination activities conducted at Curtis Bay (CB) Depot and Hammond
Depot (HD). NRC’s justifications for approval of the CB and HD DCGLs can be reviewed in the
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EAs developed by NRC for CB (ML071630492) and HD (ML073250179) dated June 15, 2007 and
November 21, 2007, respectively (NRC2007a and NRC2007b).
ORAU performed the dose modeling for CB and HD using the most realistically conservative
models allowed within the context of the RESRAD-BUILD computer models. In order to provide
NRC with the technical basis and rationale used to develop these models, ORAU prepared
comprehensive documents specific to CB and HD that discussed the rationale behind all modeling
inputs (ORISE 2006a and 2006b). The subject warehouses and operations at SD, CB, and HD
facilities are nearly identical. The following discussions are founded on the proposed assumption
that the parametric inputs used to determine DCGLs at CB and HD are also technically justifiable
for use at SD.
In support of this proposed approach, a site-specific DCGL analysis for the Scotia Depot is
presented, including a review of the site-specific environmental parameters that drive the analysis,
the methodology used for calculating the numeric limits, and results of the sensitivity and
uncertainty analysis performed to ensure that no single parameter, or multiple parameters, were
overlooked as it pertains to the transport of residual contaminants and the resulting dose to the
receptor.
2. SITE DESCRIPTION
2.1

PHYSICAL LOCATION AND CHARACTERISTICS

The SD site is located west of the village of Scotia, New York, in Schenectady County; see
Figure 2.1. The physical site address is Route 5/Amsterdam Road, Building 12, Scotia, New York
12302-7463. The geographic coordinates of the SD are latitude N 42O 50’ 18” and longitude W 73
O 59’ 12” on the 7.5-minute quadrangle New York State Department of Transportation map
(Parsons 2001).
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Figure 2.1. Aerial View of Scotia Depot Showing Proximity to Village of Scotia, Schenectedy,
and the Mohawk River
The current SD footprint consists of a 13.92-acre parcel of land adjacent to the north side of the
New York Route 5 in the town of Glenville, in Schenectady County, New York. Scotia Depot
originally consisted of approximately 337 acres. However, much of the property has been subdivided
and sold since 1972. The surrounding area, including former SD property, is currently used for
commercial activities. The Mohawk River is located approximately 1,500 feet west-southwest of the
site and serves as the major drainage feature (ERS 2004).
The land areas of the depot outside of the buildings consist of roadways, an abandoned rail line
running between the warehouses, and minimal grassy areas. All roadways are assumed to have been
used to transport material via truck. The rail line is known to have been used to deliver material to
and from the warehouses. The rail line has been paved over with asphalt and is no longer
operational.
Scotia Depot DCGL
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The current SD footprint is surrounded on all sides by an industrial/commercial business park,
which was originally part of SD. Further to the east and west, the land use is mixed
residential/commercial. Land use to the south of the depot is a mixture of commercial, residential,
agriculture, and recreational. Scotia Depot security consists of a completely encircling fence and
24-hour security personnel (Parsons 2001). The partial site release of property was via the MultiAgency Radiation Site Survey and Investigation Manual (MARSSIM) (NRC 2000a) process, conducted by
ERS Solutions, with the FSS report published in 2004. The study concluded that no residual
radiological contamination was present (ERS 2004).
2.2

RADIOLOGICAL HISTORY

Over the past several decades, SD stockpiled materials of national interest, including raw tungsten
and columbium and tantalum ores. These particular ores contain varying concentrations of natural
occurring radioactive material (NORM), namely thorium, uranium, and their associated decay
products. The columbium-tantalum material contains thorium dioxide concentrations ranging from
<0.001 to 0.104% by weight and uranium oxide concentrations ranging from 0.002 to 0.350% by
weight (ORAU 2008). The tungsten ore contained thorium dioxide concentrations ranging from
0.044 to 0.096% by weight and uranium oxide concentrations ranging from 0.001% to 0.029% by
weight (ORAU 2008). Thus the radionuclides of concern (ROCs) for the SD site are Th-232 and
U-238. Since SD did not process or enhance any of the raw material, the ROCs and their associated
decay products are assumed to be in secular equilibrium.
2.3

CONTAMINATION POTENTIAL

Seven buildings remain within the current SD site boundary, and are in good to excellent condition,
including two warehouses that are used to store raw materials. Currently, raw material is taking up
approximately 60% of the available 11,150 m2 (120,000 ft2) of storage space in each warehouse.
2.3.1

Warehouses

Warehouses 505 and 506 are identical in design. The material currently inside Warehouses 505 and
506 is stored in drums that are palletized and organized neatly into rows. Tungsten ore is currently
and was historically stored in warehouse 505. The current lots stored inside Warehouse 505 contain
ROCs below licensable quantities. The historical site assessment (HSA) identified that tungsten ore,
Scotia Depot DCGL
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including lots containing ROCs in licensable quantities, was once stored in burlap in Warehouse 505
(ORISE 2007). Subsequently, those ores were repackaged into steel drums using a hopper and dust
suppression system. According to employee memory, the tungsten dust was thick enough to be
visible in the air, and a layer of dust fell onto all surfaces in the area. Ventilation consisted of
opening a roof-level window and using an industrial fan to blow the air/dust unfiltered out the
window onto the roof and surrounding area. While accessible surfaces may have been cleaned, a
significant amount of dust could still be present in inaccessible areas such as on rafters and
windowsills.
Tungsten ore containing ROCs below licensable quantities is also currently stored in Warehouse
506. Written records indicate that Warehouse 506 was historically used to store columbium and
tantalum ores in addition to tungsten ore. This included material containing ROCs at or above
licensable quantities. In 1986, tungsten was repackaged from wooden cases into steel drums. There
were two spills of the licensable tungsten ore in Sections 1 and 2, one in March 2006 and one in
April 2006. One spill is reported to have occurred when a forklift punctured a drum containing
tungsten ore, lifted the pallet, and drove through a portion of Sections 1 and 2 of the building. The
result was a trail of ore approximately 6 inches wide by 90 feet long. The spilled material was
subsequently cleaned up. Details on the other spill were not discussed in the HSA.
2.3.2

Other Structures

Building 12 is used as an administration building and contains the offices for most of the current
DLA Strategic Material’s staff. The only contamination potential comes from the storage of ore
samples in cabinets or on shelves along the walls of the garage on the west end of the building.
Sample storage in this area was identified by ORAU during both the 2007 and 2015 site visits.
Building 14 is primarily used as a storage area. There is a decontamination facility (essentially a
locker room with showers) that has primarily been used by employees to clean up after dusty
operations. Next to the decontamination facility is a clothes washer and dryer that has been used to
launder clothing worn during dusty operations. Since most of the material on site was not originally
considered licensable and no radiological precautions were taken, the decontamination facility and
laundry area have potentially been exposed to dust from licensable ores. Building 14 was extensively
refurbished around 1999 to 2000. Consequently, any contamination present may have been
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disturbed, covered, or removed during refurbishment activities. The extent of refurbishment is
currently being investigated by DLA.
Building 22 contains general maintenance shops and storage for supporting site operations. No
history of material storage or handling was noted for Building 22 during the 2007 site visit.
However, during the 2015 visit, material samples were observed on a set of workbenches located in
the southeastern portion of the building.
Building 23 is primarily used for supply storage. No history of material storage or handling was
noted for Building 23 during the 2007 visit. During the 2015 visit, the open area on the west of the
building was being used to store pallets of neatly stacked and banded zinc ingots that had historically
been on an outdoor pad.
2.3.3

Soils

Surface scans for direct gamma radiation were performed over approximately 100% of the accessible
land area during the scoping survey (ORAU 2008). Areas identified as having elevated direct
radiation were marked for soil sampling and/or further investigation. As seen in Figure 2.2,
indications of elevated activity were primarily seen around the immediate perimeter of Warehouses
505 and 506. The areas of elevated detector response were determined to result from geometry
and/or the building’s materials of construction. Soil samples were collected in those areas,
confirming that Th-232 and U-238 concentrations are consistent with natural background.
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Figure 2.2. Gamma Walk-over Surveys Performed During the Site Scoping Survey
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3. METHOD TO DETERMINE THE PROPOSED DCGLs
The method for determining the site-specific DCGLs for SD involved a three-step process,
presented in order in this section:
1.

Identifying the total effective dose equivalent (TEDE) per year regulatory limit, to which
an acceptable level of residual contamination corresponds

2.

Developing a site environmental model (the conceptual site model) that accounts for the
physical characteristics of the site and identifies exposure pathways from the residual
radioactivity

3.

Using RESRAD-BUILD Version 3.5 to calculate the TEDE per year per unit area of
natural thorium and natural uranium. Computational models must output the TEDE as
a function of time, out to at least 1,000 years, to determine allowable building surface
limits that meet the requirements of 10 CFR 20.1402.

3.1

ANNUAL PUBLIC DOSE LIMIT

The NRC dose limit for the public is 100 mrem TEDE in a year associated with licensed operations
and exclusive of background (and other) sources (10 CFR 20.1301). As described in Section 1 of this
report, and per 10 CFR 20.1402, Radiological Criteria for Unrestricted Use, an average member of the
critical population group may not receive a TEDE in excess of 25 mrem/yr, including groundwater
sources of drinking water. The RESRAD-BUILD models implemented for this report utilized this
required input parameter as the applicable dose limit to establish the resulting DCGLs for the SD
structures.
3.2

CONCEPTUAL SITE MODEL

Having established the regulatory-driven, 25 mrem/yr TEDE limit as the allowable endpoint,
DCGLs were determined to correspond to activity concentrations, in dpm/100 cm2 for a building
surface. A conceptual site model was developed to correspond to available computer codes for
performing dose assessments. The RESRAD-BUILD assessment utilized the “Warehouse Worker”
scenario. Under this scenario, the receptor spends their time working at a single location and is
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exposed to the site ROCs through the pathways discussed in Section 4.2.1 below. The receptor was
modeled as an individual that spends all their working time positioned in the middle of the
warehouse. The receptor is surrounded by four-25 m2 sources, one on each wall, and works directly
on top of a 100 m2 source. See Figure 3.1 for a graphical display of the RESRAD-BUILD
computational model.

Figure 3.1. Conceptual Model Source Geometry for the RESRAD-BUILD Evaluation
The conceptual model consisted of a single room, 10 m × 10 m (length × width), with a height of
2.5 m. While this model geometry does not match the current on-site conditions, this geometric
dose assessment model is representative of a conventional approach to yield a dose projection that is
neither overly conservative nor unrealistically under-conservative. The selected room size offered a
conservative (smaller volume), reducing the effect of dilution as it pertains to resuspension of the
ROCs and was considered more likely to match a "future-sized" room in the event any on-site
warehouses are renovated and reoccupied. A low (default) building ventilation rate was also used as
the warehouses do not have heat ventilation and air conditioning systems, but rather passive air
movement.
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A future scenario matching the model would involve partitioning the warehouses into offices which
would include the construction of new walls and ceilings using new, non-impacted construction
materials. It can also be safely assumed that modern heating, ventilation, and air conditioning
(HVAC) equipment would be installed with greater air exchange rates than those modeled.
Conservative factors introduced into the RESRAD-BUILD evaluation included the modeling of
rooms with physical dimensions much smaller than the actual size of the existing on-site warehouses
(to reduce the effect of dilution as it pertains to resuspension) and using the default (low)
RESRAD-BUILD value for building ventilation. Deterministic sensitivity analyses were performed
to ensure that no single parameter (or group of five parameters) would have a significant impact on
the results.
3.2.1

Exposure Pathway Selection

Relevant pathways utilized for the “Warehouse Worker” scenario were:
•

External exposure to penetrating radiation emitted from contamination deposited on,
and affixed to, surfaces

•

External exposure to penetrating radiation emitted due to submersion in airborne
particles

•

Inhalation of airborne contamination

•

Incidental ingestion of source contamination

•

Incidental ingestion of contamination that has been released, suspended, and deposited
on surfaces

•

Exposure to radon decay products

3.3
3.3.1

RESRAD-BUILD MODELING
Computational Model

RESRAD-BUILD for Windows, Version 3.5, was used to evaluate the corresponding transport
mechanisms and dose to receptor calculations from residual contamination on building surfaces.
For this analysis, the radiological source term was established primarily on the basis of historical
sample analyses of the licensable material. Unit dose-to-source ratios (DSRs), in mrem/y per
pCi/m2, were determined for thorium and uranium. The DSRs for time period of 0, 1, 100, and
Scotia Depot DCGL
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1,000 years were calculated. To determine the proposed thorium and uranium DCGLs, the most
conservative DSR was divided into the primary dose limit and then converted into typical field units
of dpm/100 cm2.
The approach for deterministic analysis followed the guidelines described in NUREG/CR-6676 and
is depicted in Figure 3.1 (NRC 2000c). Several documents were also followed for the computational
assessment: NUREG-1757 Appendix I, NUREG-1757 Supplement 1 (draft) NUREG/CR-5512,
Volume 3 (NRC 1999a), and Volume 4 (NRC 1999b).

Figure 3.1. Concept of Deterministic Analysis
3.3.2

Parameter Inputs to the RESRAD-BUILD Code

An environmental engineering assessment (EEA) was performed to provide a realistically
conservative and credible assessment of the DCGL determination. This required a thorough and
careful evaluation of existing environmental conditions, conservative or realistic future use of the
site, and how the actual site conditions were evaluated to provide inputs to be entered into the
RESRAD-BUILD code.
The conclusion of the EEA resulted in a series of input parameters to the RESRAD-BUILD code.
These input parameters with corresponding information in the input/output files for the thorium
and uranium DCGL determinations are captured in Appendix A. Appendix A provides a parameterby-parameter assessment, including a complete rationale for parameter value assessment and
selection. The review of the available documentation, discussions with personnel familiar with the
site, and prior field activities resulted in the use of several, but overall limited, site-specific
parameters. While site-specific parameters are preferred for enhanced site-specific models, the SD
cannot be considered a complex site based on historical site activities and the NRC’s designation of
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decommissioning groups in NUREG-1757, Vol. 1 (NRC 2006b). Therefore, in many cases, the use
of default parameters was considered acceptable, considering many of the parameters evaluated
during the DCGL determination (through the use of sensitivity analyses) did not significantly impact
the results.
Many of the factors specified can require the use of either intensive field or empirical determinations
to establish site-specific inputs. The nature of site operations at the SD has not warranted the
determination of many of these parameters. In these cases, either NUREG or RESRAD-BUILD
defaults were considered adequate. Further discussion of the parameters used in the dose modeling
effort and the justification for them is provided in subsequent sections. Input/output files for the
RESRAD-BUILD thorium and uranium dose assessments are cited in Appendices B and C,
respectively.
Default parameters were primarily utilized for the RESRAD-BUILD evaluations in addition to other
assigned conservative inputs. These included the use of default ingestion rate, air exchange rate,
deposition velocity, and resuspension rate. Even though removable activity was not identified during
the scoping surveys, a conservative removable fraction was utilized.
The indoor fraction, or fraction of time the receptor spends indoors, was chosen as 0.267 as
recommended by NUREG-5512. This fraction was calculated assuming a worker spends 45 hours a
week indoors for 52 weeks per year. The indoor fraction recommended in NUREG-5512 is a more
realistic value than the RESRAD-BUILD default of 0.5, yet still applies the appropriate level of
conservatism. In addition to the indoor fraction recommended by NUREG-5512, the receptor
breathing rate of 33.6 m3/d was used. This breathing rate represents the upper bound of air volume
inhaled for a receptor, and is significantly more conservative than the RESRAD-BUILD default
value of 18 m3/d.
The outdoor inflow and outflow parameter was input at 200 m3/h versus the default value of
72 m3/h. For the one-room model, the rate at which the outdoor air flows into the room is equal to
the rate at which the air flows from the room to the exterior. This parameter is calculated as a
product of the site-specific values: (room area)×(height)×(air exchange rate)

Scotia Depot DCGL
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The following additional inputs and approaches were applied to the RESRAD-BUILD DCGL
determination.
•

Principal radionuclides and decay products are in secular equilibrium.

•

A normalized (unit) area factor of 1 pCi/m2 per radionuclide was applied.

•

Doses were calculated (by radionuclide) as a function of time, up to 1,000 years.

•

For conservatism, the peak DSR at time = “0” years was determined.

•

The DSR and NRC regulatory limit were used to calculate the DCGL (pCi/m2) by using
the following equation:



DCGL =  25mrem
2 
DSR
(
mrem
/
pCi
/
m
)



( pCi / m 2 )

The DCGL (pCi/m2) was then converted into conventional field survey units of dpm/100 cm2.
3.3.3

General Assumptions for the Dose Modeling Assessment

The following general assumptions formed the basis for the dose modeling assessments.
•

The building occupancy scenario is applicable.

•

The DCGLs were derived based on a review of site records, available references, and
information gathered during the HSA follow-on scoping survey in 2007.

•

Site-specific values, where available, were emphasized and used as input to the
RESRAD-BUILD code.

•

Each parameter and user input selection was evaluated both individually and collectively
for its appropriateness to the SD.

•

Deterministic evaluations were performed. The most recent deterministic versions of
RESRAD-BUILD (Version 3.5) were used for this assessment.

Scotia Depot DCGL
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4. RESULTS
Previous sections of this report have detailed the approach and methodology for determining the
proposed DCGLs for thorium and uranium. This included an EEA and follow-on computational
modeling to aid understanding of the SD site history, its radioactive material storage and potential
contaminants, and the associated physical, environmental, and site characteristics. The influence of
several input parameters to the computational codes was also examined in detail for their relative
“sensitivity”; that is, their impact on the dose assessment outcome.
This section utilizes the preceding information to provide the results of the dose assessments for
thorium and uranium radionuclides in buildings.
4.1

RESRAD-BUILD RESULTS

The information provided below details the RESRAD-BUILD results for natural thorium and
natural uranium
4.1.1

Natural Thorium

As noted above, very little surface contamination was identified as “removable” during the ORAU
scoping surveys. Nevertheless, the analysis was run with conservative default factors that would
result in resuspension and inhalation. A key aspect to this modeling approach was a level of
conservatism regarding the potential of resuspension by operating forklifts inside the warehouses.
Because the objective of this analysis was the determination of proposed site DCGLs, the removable
fractions will be confirmed as further radiological investigations are performed during the license
termination process.
Figure 4.1 provides a histogram plot of the significant pathways from the RESRAD-BUILD run.
The inhalation pathway is clearly predominant. The RESRAD-BUILD output for Th-232 is
provided in Appendix B.
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Figure 4.1. Influence of Natural Thorium Exposure Pathways on Receptor Dose
The peak DSR for thorium occurred at time t = 0 and is provided in the RESRAD-BUILD output
file as:
1.37 E-3 mrem per year per pCi/m2
Dividing the annual dose limit by the DSR and converting into typical field units of dpm/100 cm2
resulted in the following DCGL:
DCGLTh-232 = 25/1.37E-3 = 405 dpm/100 cm2
A value of 400 dpm/100 cm2 is proposed in this report as the DCGL for demonstrating compliance
with the annual dose limit. This DCGL applies equally to Th-232 and each successive decay product
under the assumption that all decay products are in secular equilibrium with the parent.
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4.1.2

Natural Uranium

Figure 4.2 provides a histogram plot of the significant pathways for natural uranium from the
RESRAD-BUILD run. Once again, the inhalation pathway is clearly predominant. The RESRADBUILD output for U-238 is provided in Appendix C.

Figure 4.2. Influence of Natural Uranium Exposure Pathways on Receptor Dose
The peak DSR for uranium occurred at time t = 0 and is provided in the RESRAD-BUILD output
file as:
6.96 E-4 mrem per year per pCi/m2
Dividing the annual dose limit by the DSR and converting into typical field units of dpm/100 cm2
resulted in the following DCGL:
DCGLU-238 = 25/6.96E-4 = 797 dpm/100 cm2

Scotia Depot DCGL
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A value of 800 dpm/100 cm2 is the proposed DCGL for demonstrating compliance with the annual
dose limit. This DCGL applies equally to U-238 and each successive decay product under the
assumption that all decay products are in secular equilibrium with the U-238 parent. Additionally,
this DCGL incorporates the contribution from U-235 and its decay products.
4.2

SENSITIVITY AND UNCERTAINTY ANALYSIS

The RESRAD-BUILD assessments are straightforward and utilized primarily default values. As
expected, the inhalation pathway was determined to be the projected highest contributor to receptor
dose.
Since inhalation was the highest contributor to receptor dose, the sensitivity analysis investigated
parameters that impacted the indoor ROC concentration. The parameters were the indoor fraction,
resuspension rate, receptor breathing rate, and deposition velocity. The building exchange rate was
omitted because this parameter was given an overly conservative value, as the exchange rate for the
warehouses would be much larger. The sensitivity analysis revealed that the indoor fraction had the
strongest positive correlation with the DSR. The receptor breathing rate exhibited the second most
positive correlation with the DSR. Therefore, the default values for the receptor breathing rate and
the indoor fraction specified in NUREG-5512 yielded a conservative yet realistic DCGL for the SD.
Both general and specific sources of uncertainty are inherent in a dose assessment analysis using the
RESRAD-BUILD computer code. General sources of uncertainty can be related to the code itself,
the scenario(s) selected, and the input parameters.
4.3

QUALITY ASSURANCE OF RESRAD-BUILD

The computational tools that were used in this analysis were downloaded from the Argonne
National Laboratory website. Benchmark tests were conducted within the MS Windows-XP system
to ensure that the code was installed and executing properly (the procedure for this may be found in
the RESRAD manual).
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5. SUMMARY AND CONCLUSIONS
The SD site, located in Scotia, New York, is commencing activities to seek termination of the source
material license (STC-133) issued by the NRC. In support of that activity, the development of
DCGLs for building structures through conservative dose modeling evaluations is presented in this
report. DCGLs represent radionuclide-specific concentrations that correspond to the established
release criteria.
Adherence to the NRC’s primary dose limit of 25 mrem/yr TEDE (in excess of natural background)
and ALARA philosophy cited in 10 CFR 20.1402 is necessary to satisfy the requirements for
unrestricted site use. The 25 mrem/yr limit was accordingly used in the derivation of the DCGLs.
The site-specific DCGLs for thorium and uranium in structures are supported through several
means, including the review of site records and available references, information gathered during the
HSA and initial scoping surveys conducted by ORAU in 2007, an extensive EEA of the site which
identified relevant site-specific environmental parameters for the computational model equations,
and executing the most current deterministic versions of the RESRAD-BUILD (Version 3.5)
computer models.
The RESRAD-BUILD assessment utilized the “Warehouse Worker” scenario. Conservative factors
introduced into the RESRAD-BUILD evaluation included taking an existing on-site warehouse and
dividing it into smaller rooms (to reduce the effect of dilution as it pertains to resuspension) and
applying a low building ventilation rate. Unit DSRs, in mrem/y per pCi/m2, were determined for the
RESRAD-BUILD evaluation as a function of time—up to 1,000 years. When divided into the
primary dose limit and converted into conventional field units, a DCGL for each radionuclide of
concern was determined and converted to conventional field units of dpm/100 cm2.
As a result of the RESRAD-BUILD analyses, proposed site-specific building DCGLs and default
screening values for soil, total natural thorium, and total natural uranium are provided in Table 5.1.
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Table 5.1. Summary of Proposed Soil and Building DCGLs for Natural Thorium and
Natural Uranium, Scotia Depot
Primary Radionuclide

Soil DCGL
(pCi/g)
(From NUREG 1757)

Building DCGL (dpm/100 cm2)
(From RESRAD-BUILD)

Th-232 (and decay products)

1.1

400

U-238 (and decay products)

0.5

800

These DCGLs represent the amount of building surface activity above background that would result
in an annual total effective dose equivalent of 25 mrem to a member of the critical group. The
proposed DCGLs are applicable to each of the individual decay products associated with natural
thorium and uranium. For example, the DCGL for natural thorium of 400 dpm/100 cm2 applies to
not only Th-232, but to Ra-228 and Th-228 in the Th-232 decay chain. Similarly, the DCGL of 800
dpm/100 cm2 for natural uranium applies to U-238 and to each of its decay products and
incorporates the contribution from U-235 and its decay products based on the associated
radioactivity fraction of U-235 to U-238. The proposed DCGLs for buildings and default screening
values for soil will be utilized in support of the FSS of the SD planned to commence in calendar year
2016. Additionally, it is anticipated that because natural thorium was the predominant radioactive
series in the licensed material, the FSS will be planned for and data compared with the proposed 400
dpm/100 cm2 Th-232 DCGL rather than developing a gross activity DCGL for potential mixtures
of the two series.
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APPENDIX A
SCOTIA DEPOT DOSE MODELING RECOMMENDED VALUES FOR RESRADBUILD INPUT PARAMETERS

Scotia Depot DCGL
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Table A-1. Scotia Depot Dose Modeling Default and Recommended Input Parameters for RESRAD-BUILD (v3.5)
User Input Value
(values different from default
are shown in bold)
J.1 TIME PARAMETERS
365

Parameter
Identifier

Default Value

Exposure Duration
(output= “Total Time”)

TTIME

365

Indoor Fraction
(output= “Fraction Inside”)

FTIN

0.5

0.267

Unitless

Number of Times for Calculation

NTIME

1

1

Unitless

Time

DOSE_TIME

1

0, 1, 1000

Year

Maximum Time Integration Points

POINT

17

257

Unitless

Number of Rooms

NROOM

1

Deposition Velocity

UD

0.01

0.01

m/s

Resuspension Rate

DKSUS

5.0E-7

5.0E-7

s-1

Room Height

H

2.5

2.5

m

Parameter Description

Scotia Depot DCGL

Units
d

J.2 BUILDING PARAMETERS
1
Unitless

A-1

Justification
As stated in the manual, 365 days would
typically be selected to assess an annual dose.
A warehouse worker spending 45hours per
week in the building would yield a fraction of
45/(24*7)=0.267. To produce a more
conservative case, the default of 0.5 was used.
No significant time-dependent effects are
relevant for these runs. As a result, no multiple
runs (<10) are needed to review small time-scale
effects. The default value is sufficient.
Three time scales were used to calculate “peak
dose” in a 1,000-year period.
Mathematical convergence is reasonably
achieved on modern computing platforms, even
at the largest allowable number of integration
points.

Reference(s)
RESRAD-BUILD
Manual v3.5
Appendix J.1.1
NUREG-5512,
Vol. 3
RESRAD-BUILD
Manual v3.5
App. J.1.3
RESRAD-BUILD
Manual v3.5
App. J.1.4
RESRAD-BUILD
Manual v3.5
App. J.1.5

The existing state of the warehouse facilities,
and the intended long-term use post-closure,
does not warrant any additional complicated
efforts in describing air flow patterns between
adjacent rooms. Therefore, a one-room model
was selected “to represent complete
instantaneous air
mixing of the
internal volume
being modeled.”

RESRAD-BUILD
Manual v3.5
App. J.2.1

For this source term as understood, no
compelling information existed to evaluate the
deposition velocity beyond the use of default
values in other than the probabilistic analyses.
No site-specific data is available that would
provide a ventilation rate any more accurate or
credible than the default value.
For geometric convenience of the conceptual
model, the default value was used. In addition,
the default value is less than the actual height of
the warehouses, which yields a more
conservative DCGL. These are very large (and
empty) warehouses with no interior walls and

RESRAD-BUILD
Manual v3.5
App. J.2.2
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RESRAD-BUILD
Manual v3.5
App. J.2.3
RESRAD-BUILD
Manual v3.5
App. J.2.4

Table A-1. Scotia Depot Dose Modeling Default and Recommended Input Parameters for RESRAD-BUILD (v3.5)
Parameter Description

Parameter
Identifier

Default Value

User Input Value
(values different from default
are shown in bold)

Units

Room Area

AREA

36

100

m2

Air Exchange Rate

LAMBDAT (bldg)
LINPUT (room)

0.8

0.8

h-1

Flow Rate between Rooms

Q12
Q21

N/A

N/A

N/A

Outdoor Inflow and Outflow

Q10
Q01

72
72

200

m3/h

Number of Receptors

ND

1

Receptor Room

DLVL

1

1

Unitless

Receptor Location

DX

1,1,1

5,5,1

Unitless

Receptor Time Fraction

TWGHT

1

1

Unitless

Receptor Breathing/Inhalation Rate

BRTRATE

18

33.6

m3/d

Indirect Ingestion Rate

INGE2

1.0E-04

1.0E-04

m2/h

Scotia Depot DCGL

J.3 RECEPTOR PARAMETERS
1
Unitless

A-2

Justification
only rafters remaining to support the roof.
Mathematical treatment and representation of
the conceptual model used a simple, one room
model, 10 m × 10 m in area. This model
simplifies the overall source-term allocation and
ensures a consistent conservative approach until
such time that the results become unrealistically
conservative.
For the one-room model, the air exchange rate
for the building and that for the room are the
same value, in this case, the default value for a
one-room model. For these historic warehouses,
the air exchange rate is probably larger, but for
conservatism, the default was used.
For a one-room model, this parameter is not
applicable.
For the one-room model, the rate at which the
outdoor air flows into the room is equal to the
rate at which the air flows from the room to the
exterior. This parameter is calculated as a
product of the site-specific values:
(room area)×(height)×(air exchange rate)
One receptor was placed in the middle of the
modeled room. The overall approach was to
make the conceptual model simple and
straightforward because of the condition of the
buildings and the future anticipated use; i.e.,
deconstruction.
The default value was selected based on a
one-room model.
The receptor was placed in the middle of the
10 m × 10 m room. The z dimension is the
conventional 1 meter height, dose to the
receptor.
The receptor is assumed to be at this position
100% of the time while in the building.
This is the conservative upper bound on the
breathing rate.
The default value was selected.
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Reference(s)
RESRAD-BUILD
Manual v3.5
App. J.2.5

RESRAD-BUILD
Manual v3.5
App. J.2.6

RESRAD-BUILD
Manual v3.5
App. J.2.7
RESRAD-BUILD
Manual v3.5
App. J.2.8

RESRAD-BUILD
Manual v3.5
App. J.3.1

RESRAD-BUILD
Manual v3.5
App. J.3.2
RESRAD-BUILD
Manual v3.5
App. J.3.3
RESRAD-BUILD
Manual v3.5
App. J.3.4
NUREG-5512,
Vol. 3
RESRAD-BUILD
Manual v3.5
App. J.3.6

Table A-1. Scotia Depot Dose Modeling Default and Recommended Input Parameters for RESRAD-BUILD (v3.5)
User Input Value
(values different from default
Units
are shown in bold)
J.4 SOURCE PARAMETERS
5
Unitless

Parameter Description

Parameter
Identifier

Default Value

Number of Sources

NS

1

Source Room

SLVL

1

1

Unitless

Source Type

STYPE

Volume

Area

Unitless

Source Direction

SDIR

Appropriate orthogonal
projection from the areal,
plane source

Unitless

Source Location

SX

0,0,0

Appropriate Centerline
Geometry

Unitless

Source Length/Area

SAREA

36

100 (floor)
25 (each of 4 walls)

m2

Air Release Fraction

AIRFR

0.1

0.1

Unitless

Direct Ingestion Rate

INGE1

0

0

h-1
(for area source)

The default value was selected.

Removable Fraction

RMVFR

0.5

0.5

Unitless

The default value was selected.

Source Lifetime

RFO

365

1.0E+04

days

Scotia Depot DCGL
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Justification

Reference(s)

Five sources were selected to represent an area
source on the floor and on each of four walls.
The geometry approach, as selected, is
conservative. If during site characterization and
follow-up, it is determined that the geometry
should be modified to more appropriately
describe the actual facility, this model may be
modified. A specific conservatism is the fact that
the warehouses are large, yet the model
employed here assumes four walls. (See summary
graphic below)
Default value was selected based on one room
in the conceptual model.
(See summary graphic below)
The thickness of the contamination is small
relative to the attenuation properties of the
material. (See summary graphic below)
For example, from the x-z plane, the y
coordinate projection was placed on the
geometric centerline of the plane. (See summary
graphic below)
Each of the five sources represented an
equivalent area of contamination on each of the
four walls and floor, accordingly. (See summary
graphic below)
The floor and wall area values were based on the
conceptual model where the floor area is 100 m2
and each wall area is determined by multiplying
the length of each wall by the ceiling height.
The default value was selected.

RESRAD-BUILD
Manual v3.5
App. J.4.1

The user input value is the “most likely” value as
cited in the RESRAD-BUILD manual. The
modeling effort assumed only radioactive decay
and no credit for effective removal of the source
with time.
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RESRAD-BUILD
Manual v3.3
App. J.4.2
RESRAD-BUILD
Manual v3.3
App. J.4.3
RESRAD-BUILD
Manual v3.5
App. J.4.4
RESRAD-BUILD
Manual v3.5
App. J.4.5
RESRAD-BUILD
Manual v3.5
App. J.4.6
RESRAD-BUILD
Manual v3.5
App. J.4.7
RESRAD-BUILD
Manual v3.5
App. J.4.8
RESRAD-BUILD
Manual v3.5
App. J.4.9
RESRAD-BUILD
Manual v3.5
App. J.4.10

Table A-1. Scotia Depot Dose Modeling Default and Recommended Input Parameters for RESRAD-BUILD (v3.5)

0.1

User Input Value
(values different from default
are shown in bold)
0.1

Unitless

The default value was selected.

1

1

pCi/ m2

Unit surface activity values were input for
natural thorium and natural uranium. All decay
products for each of the series were included if
the half-life of the decay product was greater
than 180 days (a recommended cutoff from
RESRAD). For thorium, Th-232, Th-228, and
Ra-228 were included. For natural uranium,
U-238, U-234, Th-230, Ra-226, and Pb-210 each
received an input of “1”; concurrently the
proper atom fractions were input for U-235,
Pa-231, and Ac-227 (at 0.047 pCi/m2, the
corresponding activity for natural uranium
where the weight fraction of U235 is 0.7%).
Correspondingly:

Parameter Description

Parameter
Identifier

Default Value

Radon Release Fraction

RRF

Radionuclide
Concentration/Activity

RNUCACT

Units

Justification

Nuclide

[pCi/m2]

Th-232

1.000E+00

Th-228

1.000E+00

Ra-228

1.000E+00

U-238

1.000E+00

U-235

4.700E-02

U-234

1.000E+00

Pa-231

4.700E-02

Th-230

1.000E+00

Ac-227

4.700E-02

Ra-226

1.000E+00

Pb-210

1.000E+00

Number of Regions in Volume
Source

NREGI0

N/A

N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

Contaminated Region

FCONT0

N/A

N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

Source Region Thickness

THICK0

N/A

N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

Scotia Depot DCGL
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Reference(s)
RESRAD-BUILD
Manual v3.5
App. J.4.11
RESRAD-BUILD
Manual v3.5
App. J.4.12

RESRAD-BUILD
Manual v3.5
App. J.4.13
RESRAD-BUILD
Manual v3.5
App. J.4.14
RESRAD-BUILD
Manual v3.5
App. J.4.15

Table A-1. Scotia Depot Dose Modeling Default and Recommended Input Parameters for RESRAD-BUILD (v3.5)

N/A

User Input Value
(values different from default
are shown in bold)
N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

EROS0

N/A

N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

Source Porosity

POROS0

N/A

N/A

Unitless

This parameter applies to volume sources, not
to area sources as described.

Radon Effective Diffusion
Coefficient

EFDIF0

2E-06

N/A

Unitless

This input parameter could not be located in the
RESRAD-BUILD code, v3.3.

Radon Emanation Fraction

EMANA0

0.2

0.1

Unitless

Source Material

MTLS

Concrete

Concrete

Unitless

A lower radon emanation fraction was selected
for modeling purposes; however, this parameter
was irrelevant to the modeling evaluation results.
This parameter applies to volume sources, not
to area sources as described.

Shielding Thickness

DSTH

0

Shielding Density

DSDEN

2.4

2.4

g/cm3

Shielding Material

MTLC

Concrete

Concrete

unitless

Parameter Description

Parameter
Identifier

Default Value

Source Density

DENSI0

Source Erosion Rate

J.5 SHIELDING PARAMETERS
0

Units

cm

Justification

The default value was selected. The evaluation
assumed only surface contamination was
present.
The default value was selected based on the
existence of a concrete surface.
The default value was selected based on the
known existence of a concrete surface.

J.6 TRITIUM MODEL PARAMETERS – NOT APPLICABLE TO THE SD SITE

Scotia Depot DCGL

A-5

DCN 5263-TR-02-0

Reference(s)
RESRAD-BUILD
Manual v3.5
App. J.4.16
RESRAD-BUILD
Manual v3.5
App. J.4.17
RESRAD-BUILD
Manual v3.5
App. J.4.18
RESRAD-BUILD
Manual v3.5
App. J.4.19
RESRAD-BUILD
Manual v3.5
App. J.4.20
RESRAD-BUILD
Manual v3.5
App. J.4.21
RESRAD-BUILD
Manual v3.5
App. J.5.1
RESRAD-BUILD
Manual v3.5
App. J.5.2
RESRAD-BUILD
Manual v3.5
App. J.5.3

APPENDIX B
RESRAD-BUILD INPUT/OUTPUT FOR NATURAL THORIUM
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ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁ5(65$'%8,/''RVH7DEOHVÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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6RXUFH&RQWULEXWLRQVWR5HFHSWRU'RVHV
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
>PUHP@

6RXUFH6RXUFH6RXUFH6RXUFH6RXUFH7RWDO

5HFHSWRU((((((
7RWDO((((((
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3DWKZD\'HWDLORI'RVHV
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
>PUHP@

6RXUFH
5HFHSWRU([WHUQDO'HSRVLWLRQ,PPHUVLRQ,QKDODWLRQ5DGRQ,QJHVWLRQ
((((((
7RWDO((((((



6RXUFH
5HFHSWRU([WHUQDO'HSRVLWLRQ,PPHUVLRQ,QKDODWLRQ5DGRQ,QJHVWLRQ
((((((
7RWDO((((((



6RXUFH
5HFHSWRU([WHUQDO'HSRVLWLRQ,PPHUVLRQ,QKDODWLRQ5DGRQ,QJHVWLRQ
((((((
7RWDO((((((



6RXUFH
5HFHSWRU([WHUQDO'HSRVLWLRQ,PPHUVLRQ,QKDODWLRQ5DGRQ,QJHVWLRQ
((((((
7RWDO((((((



6RXUFH
5HFHSWRU([WHUQDO'HSRVLWLRQ,PPHUVLRQ,QKDODWLRQ5DGRQ,QJHVWLRQ
((((((
7RWDO((((((
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1XFOLGH'HWDLORI'RVHV
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
>PUHP@

6RXUFH

1XFOLGH5HFHSWRU7RWDO

7+((
7+((
5$((



6RXUFH

1XFOLGH5HFHSWRU7RWDO

7+((
7+((
5$((



6RXUFH

1XFOLGH5HFHSWRU7RWDO

7+((
7+((
5$((



6RXUFH

1XFOLGH5HFHSWRU7RWDO

7+((
7+((
5$((
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6RXUFH

1XFOLGH5HFHSWRU7RWDO

7+((
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5$((
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ÁÁÁÁÁÁ
ÁÁÁ5(65$'%8,/''RVH 7LPH 7DEOHVÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
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5HFHSWRU'RVH5HFHLYHGIRUWKH([SRVXUH'XUDWLRQ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
 PUHP

(YDOXDWLRQ7LPH>\U@
((((
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
((((


5HFHSWRU'RVH<U$YHUDJHG2YHU([SRVXUH'XUDWLRQ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
 PUHP\U

(YDOXDWLRQ7LPH>\U@
((((
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
((((
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ÁÁÁÁÁÁ
ÁÁÁ5(65$'%8,/'7DEOHRI&RQWHQWVÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

5(65$'%8,/',QSXW3DUDPHWHUV
%XLOGLQJ,QIRUPDWLRQ
6RXUFH,QIRUPDWLRQ
)RUWLPH (\U
7LPH6SHFLILF3DUDPHWHUV
5HFHSWRU6RXUFH'RVH6XPPDU\
'RVHE\3DWKZD\'HWDLO
'RVHE\1XFOLGH'HWDLO
)RUWLPH (\U
7LPH6SHFLILF3DUDPHWHUV
5HFHSWRU6RXUFH'RVH6XPPDU\
'RVHE\3DWKZD\'HWDLO
'RVHE\1XFOLGH'HWDLO
)RUWLPH (\U
7LPH6SHFLILF3DUDPHWHUV
5HFHSWRU6RXUFH'RVH6XPPDU\
'RVHE\3DWKZD\'HWDLO
'RVHE\1XFOLGH'HWDLO
)RUWLPH (\U
7LPH6SHFLILF3DUDPHWHUV
5HFHSWRU6RXUFH'RVH6XPPDU\
'RVHE\3DWKZD\'HWDLO
'RVHE\1XFOLGH'HWDLO
)XOO6XPPDU\
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ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁ5(65$'%8,/',QSXW3DUDPHWHUVÁÁÁ
ÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ



1XPEHURI6RXUFHV
1XPEHURI5HFHSWRUV
7RWDO7LPH(GD\V
)UDFWLRQ,QVLGH(



ÁÁÁÁÁÁÁÁÁÁ5HFHSWRU,QIRUPDWLRQÁÁÁÁÁÁÁÁÁÁ

5HFHSWRU5RRP[\])UDF7LPH,QKDODWLRQ,QJHVWLRQ 'XVW
>P@>P@>P@>PGD\@>PKU@
((




ÁÁÁ5HFHSWRU6RXUFH6KLHOGLQJ5HODWLRQVKLSÁÁÁ


5HFHSWRU6RXUFH'HQVLW\7KLFNQHVV0DWHULDO
>JFP@>FP@
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
((&RQFUHWH
((&RQFUHWH
((&RQFUHWH
((&RQFUHWH
((&RQFUHWH
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ÁÁÁÁÁÁÁÁ%XLOGLQJ,QIRUPDWLRQÁÁÁÁÁÁÁÁ



%XLOGLQJ$LU([FKDQJH5DWH(KU


+HLJKW>P@$LU([FKDQJHV>PKU@
$UHD>P@




  
  
  4(
+ 5RRP 4(
 /$0%'$(
$UHD  
  






'HSRVLWLRQYHORFLW\(>PV@5HVXVSHQVLRQ5DWH(>V@
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ÁÁÁÁÁÁÁÁ6RXUFH,QIRUPDWLRQÁÁÁÁÁÁÁÁ


6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ]
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@
5DGRQ5HOHDVH)UDFWLRQ(

&RQWDPLQDWLRQ
1XFOLGH&RQFHQWUDWLRQ'RVH&RQYHUVLRQ)DFWRU /LEUDU\)*50RUELGLW\
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
,QJHVWLRQ,QKDODWLRQ6XEPHUVLRQ
>S&LP@>PUHPS&L@>PUHPS&L@>PUHP\U
 S&LP @
8((((
8((((
8((((
3$((((
7+((((
$&((((
5$((((
3%((((
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6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ[
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@
5DGRQ5HOHDVH)UDFWLRQ(

&RQWDPLQDWLRQ
1XFOLGH&RQFHQWUDWLRQ'RVH&RQYHUVLRQ)DFWRU /LEUDU\)*50RUELGLW\
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
,QJHVWLRQ,QKDODWLRQ6XEPHUVLRQ
>S&LP@>PUHPS&L@>PUHPS&L@>PUHP\U
 S&LP @
8((((
8((((
8((((
3$((((
7+((((
$&((((
5$((((
3%((((

6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ[
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@
5DGRQ5HOHDVH)UDFWLRQ(

&RQWDPLQDWLRQ
1XFOLGH&RQFHQWUDWLRQ'RVH&RQYHUVLRQ)DFWRU /LEUDU\)*50RUELGLW\
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
,QJHVWLRQ,QKDODWLRQ6XEPHUVLRQ
>S&LP@>PUHPS&L@>PUHPS&L@>PUHP\U
 S&LP @
8((((
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8((((
8((((
3$((((
7+((((
$&((((
5$((((
3%((((

6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ\
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@
5DGRQ5HOHDVH)UDFWLRQ(

&RQWDPLQDWLRQ
1XFOLGH&RQFHQWUDWLRQ'RVH&RQYHUVLRQ)DFWRU /LEUDU\)*50RUELGLW\
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
,QJHVWLRQ,QKDODWLRQ6XEPHUVLRQ
>S&LP@>PUHPS&L@>PUHPS&L@>PUHP\U
 S&LP @
8((((
8((((
8((((
3$((((
7+((((
$&((((
5$((((
3%((((
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6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ\
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@
5DGRQ5HOHDVH)UDFWLRQ(

&RQWDPLQDWLRQ
1XFOLGH&RQFHQWUDWLRQ'RVH&RQYHUVLRQ)DFWRU /LEUDU\)*50RUELGLW\
¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶¶
,QJHVWLRQ,QKDODWLRQ6XEPHUVLRQ
>S&LP@>PUHPS&L@>PUHPS&L@>PUHP\U
 S&LP @
8((((
8((((
8((((
3$((((
7+((((
$&((((
5$((((
3%((((
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ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁ$VVHVVPHQWIRU7LPHÁÁÁ
ÁÁÁ7LPH (\UÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ
ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ


ÁÁÁÁÁÁÁÁ6RXUFH,QIRUPDWLRQÁÁÁÁÁÁÁÁ


6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ]
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@

&RQWDPLQDWLRQ1XFOLGH&RQFHQWUDWLRQ
>S&LP@
8(
8(
8(
3$(
7+(
$&(
5$(
3%(

6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ[
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@

&RQWDPLQDWLRQ1XFOLGH&RQFHQWUDWLRQ
>S&LP@
8(
8(
8(
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3$(
7+(
$&(
5$(
3%(

6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ[
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@

&RQWDPLQDWLRQ1XFOLGH&RQFHQWUDWLRQ
>S&LP@
8(
8(
8(
3$(
7+(
$&(
5$(
3%(

6RXUFH
/RFDWLRQ5RRP[\]>P@
*HRPHWU\7\SH$UHD$UHD(>P@'LUHFWLRQ\
3DWKZD\
'LUHFW,QJHVWLRQ5DWH(>KU@
)UDFWLRQUHOHDVHGWRDLU(
5HPRYDEOHIUDFWLRQ(
7LPHWR5HPRYH(>GD\@

&RQWDPLQDWLRQ1XFOLGH&RQFHQWUDWLRQ
>S&LP@
8(
8(
8(
3$(
7+(
$&(
5$(
3%(
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This is to acl<nowledge the receipt of your letter/application dated

.,.,,.tj- - :l / - / (p

,

and to inform you that the initial processing which
includes an administrative review has been performed.

__ //~: STC-J33
IEJ There were no administrative omissions. Your application was assigned to a
tec;hnical reviewer. Please note that the technical review may identify additional
omissions or require additional information.

O Please provide to this office within 30 days of your receipt of this card
-------------~----------------'i,._

A copy of your actio~ has be~n forwarded to our License Fee & Accounts Recei~able ·
Branch, who will contact you separately if there is a fee issue involved.

S

fJCJ 7g 7

Your action has been· ass'igned Mail Control Number
\Nhen calling to inquire about this action, please refer to this control number..
You may call us on (610) 337-5398, or 337-5260.
NRC FORM 532 (RI)
(S-96)

Sincerely,
Licensing Assistance Team Leader

