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4.0 RADIOLOGICAL STATUS OF FACILITY
The Hematite Decommissioning Project (HDP) will address impacted structures, systems and
equipment, buried waste, surface soil, sub-surface soil, sediment, surface water, and groundwater
that may contain licensed radioactive material in excess of natural background levels. Several
radiological characterization campaigns have been conducted during the course of the past 26
years to identify the impacted portions of the site. A detailed description of the radiological
status, including the radiological surveys, sampling and laboratory analytical data are provided in
the Hematite Radiological Characterization Report (HRCR, Reference 4-1).
This Chapter provides a summary description of the radiological status of the site. For each
building or area discussed, a specific reference is provided to the corresponding section of the
HRCR that contains the detailed description of characterization methods, sample locations and
measurement results. The summary data tables in this chapter are taken directly from the HRCR.
The information in this chapter is intended to be used in conjunction with the HRCR to provide a
comprehensive understanding of the radiological status of the facility. Based on the Hematite
Historical Site Assessment (HSA, Reference 4-2) and Section 2.2 of the HRCR, the potential
radionuclide of concern (ROC) for the site includes the following isotopes:
Uranium-234 (U-234);
Uranium-235 (U-235+D);'
2
Uranium-236 (U-236);

Uranium-238 (U-238+D);'
Technetium-99 (Tc-99);
Thorium-232 (Th-232+C);1
Radium-226 (Ra-226+C);l
Americium-241 (Am-241);2
Neptunium-237 (Np-237+D);2 and
2

Plutonium-239/240 (Pu-239/240).2
1 The

nomenclature "+D" indicates that the dose contribution of the short-lived progeny are accounted for by the

parent and "+C" indicates that the dose contribution of the entire decay chain (progeny) in secular equilibrium are
accounted for by the parent.
2 These isotopes may be anticipated as originating from the recycling of spent fuel, however the analytical data
obtained from characterization have determined that these isotopes are present at only trace quantities.
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The vast majority of residual radioactivity can be attributed to U-234, U-235, U-238 and Tc-99.
The transuranic (TRU) radionuclides, including Am-241, Np-237 and Pu-239/240 are present in
only trace quantities that were introduced by the use of reprocessed Uranium in the gaseous
diffusion process. Uranium-236 was ruled out as a ROC in Derivation of Surrogates and Scaling
Factors for Hard-To-Detect Radionuclides (Reference 4-3) based on hypothesis testing that
showed U-235 and U-236 were indistinguishable from each other using alpha and gamma
spectroscopy analyses.
Thorium-232 is present naturally in background soil, and has been identified as a ROC at a
limited number of locations within the area of the buried waste. An analysis of the
characterization data obtained from the non-impacted and the impacted areas of the site was
performed and documented in Appendix A of the HRCR to determine which areas contain Th232 at concentrations that are distinguishable from background.
Radium-226 was also identified as a ROC in one area containing two Burial Pits. Results for soil
sample IDs SO-BP6C-12 and SS-BP-028-DV-EL-9showed concentrations of 414 and
183 picoCuries per gram (pCi/g), respectively (sample locations are provided on Figure 4-7 of
the HRCR). The elevated Ra-226 was likely introduced into the Burial Pits with waste as a
result of the installation of contaminated equipment into the process operations as described in
Section 4.7.1.5 of the HRCR.
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4.1

CONTAMINATED STRUCTURES

The site contains 16 buildings that have been impacted by licensed activities, and are listed in
Table 5-7 of Reference 4-2. Figure 4-1 of this Chapter provides an illustration of the site
arrangement and identifies the 16 impacted buildings.
4.1.1

RADIONUCLIDES PRESENT

Section 4 of the HRCR provides the results of each of the radiological characterization
campaigns. to determine the radiological status of structures, systems and equipment, buried
waste, surface soil, sub-surface soil, sediment, surface water, and groundwater. The
radionuclides identified in samples of pipe scale and debris included Uranium and progeny,
Th-232+C, Tc-99, Pu-239/240, Am-241 and Np-237. Building and structural surface activity
fractions were calculated based on these data and presented in the HRCR and Table 4-1 of this
Chapter.
4.1.2

BACKGROUND LEVELS

The measurement results for total surface activity reported in the previous characterization
campaigns described in the HRCR did not account for the contribution to the instrument
response from naturally-occurring radioactivity in the materials of construction (e.g., concrete,
drywall, etc.). Survey data from Appendix A of the Hematite Supplemental Characterization
Report (Reference 4-4) were reviewed for contaminated structures that are planned to remain
after license termination. Reported scan and direct-measurement survey data for surface activity
were corrected to account for instrument ambient background levels that were determined during
daily instrument response checks. This is a conservative approach that may have over-reported
surface activity concentration levels, particularly when surface activity scans and direct
measurements were performed on materials (e.g., concrete block) with naturally elevated
concentrations of terrestrial radionuclides (e.g., Thorium). General area gamma radiation
background levels ranged from 5 ftR/hr to 15 1 iR/hr.
4.1.3

STRUCTURES TO REMAIN AFTER LICENSE TERMINATION

This section discusses the radiological status of the above grade structures that are not intended
to be demolished and will be released for unrestricted use prior to license termination. The
detailed characterization results and survey locations for each structure listed below are provided
in Section 4.26 of the HRCR.
4.1.3.1

Building 110 - Office Building and Security

Building 110 was constructed in 1972 and provides the facilities necessary for implementing Site
Security measures, and is the primary ingress/egress location for the site. Portions of Building
110 are also used as an office for the Nuclear Regulatory Commission (NRC), the Missouri
4-3
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Department of Natural Resources (MDNR) and for administrative functions required to support
the decommissioning. The historical information that was compiled and documented in
Reference 4-2 does not indicate that radioactive material was used in this building. The general
arrangement of Building 110 and characterization survey locations are illustrated in Figure 4-2,
and the characterization survey results are summarized in Table 4-2. The survey results indicate
that Building 110 is impacted and contains slightly elevated levels of radioactivity in excess of
background levels on the interior and exterior horizontal surfaces, as well as the ventilation
ducts. The building drain system also contains elevated levels of radioactivity based on gamma
radiation measurements obtained within the piping using a sodium iodide detector. The highest
contact exposure rate for the drains was 10 microRoentgen per hour (itRihr) and was obtained
from within Drain 1 located in the restroom adjacent to the security monitoring station (Location
DO1 on Figure 4-2). All other general area radiation levels ranged from 4 jtR/hr to 6 jtR/hr. The
floor surface adjacent to Drain 1 showed a slightly elevated alpha-plus-beta concentration of
1,467 disintegrations per minute per 100 square centimeters (dpm/ 100 cm 2). The floor surface
adjacent to Drain 3 (Location D03 on Figure 4-2) also showed a slightly elevated alpha-plus-beta
concentration of 3,192 dpm/100 cm 2 . Additional measurements of these drains are planned
during site remediation, and based upon that data and the cost of removal versus
decontamination and/or in-situ survey, the appropriate course of action will be selected.
4.1.3.2

Building 230 - Rod Loading

Building 230 is a split level mezzanine building that was constructed in 1992 and housed the
equipment used for the final assembly of fuel rods for commercial nuclear power operations.
The building currently houses offices and material storage areas needed for the
decommissioning. The general arrangement of Building 230 is illustrated in Figure 4-3, and the
characterization survey results are summarized in Table 4-2.
The survey results identified that a portion of the floor surface and portions of the ventilation
system, the utility trenches, and the floor drains have been impacted by licensed activities.
Elevated activity was identified primarily on floor surfaces in the Kardex Room and the
bathroom floors located on the first floor. A limited number of isolated spots were also
identified within the seams and joints on the concrete floor in various locations throughout the
building and an isolated location in a utility trench. The highest alpha-plus-beta surface activity
concentration for floors was identified in the men's bathroom at a concentration of
126,049 dpm/100 cm2 . Based upon the initial review of the measurement results of surface
contamination in the men's bathroom, the benches and several floor tiles were removed and the
exposed surfaces were decontaminated. Post-remediation surveys of these areas were slightly
higher than background levels. The general area radiation levels ranged from 3 to 8 pR/hr.
The highest elevated alpha-plus-beta concentration for drains was obtained from the opening of
2
Drain 15 (hallway closet drain) at 35,487 dpmll 00 CM
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Storm and sanitary drains that will potentially undergo FSS surveys and remain in place post
decommissioning are listed along with associated DCGLs in Chapter 5. Additional
measurements of drains throughout the building are planned during site remediation to confirm
whether FSS or removal is the appropriate course of action. Survey results for remaining
buildings' ventilation and drainage systems are included in Table 4-1.
4.1.3.3

Building 231 - Warehouse

This building was erected in 1996 and used to store radioactive material shipping containers.
Additionally, some shipping container refurbishment was performed in this building and
contaminated items were temporarily stored in this building. The general arrangement of
Building 231 is an open rectangular warehouse with no other additional details and thus no
figure is provided. Characterization surveys for Building 231 are summarized in Table 4-1.
Even though the characterization surface activity results and the general area radiation levels
indicate Building 231 is at or near background levels, it is considered to be an impacted structure
due to location on the site. The general area radiation levels ranged from 3 jtR/hr to 6 jiR/hr.
4.1.4

STRUCTURES TO BE DEMOLISHED

Ten of the site buildings are planned to be demolished to the slabs prior to Decommissioning
Plan (DP) approval as previously authorized by approved License Conditions, and as amended
based on the evaluation of residual radioactivity. The buildings planned for demolition include:
9

Building 101 -Tile Barn;

*

Building 120 - Wood Barn;

*

Building 240 - Process Building;

*

Building 245 - Well House;

*

Building 252 - South Storage Building;

*

Building 253 - Process Building;

*

Building 254 - Process Building;

*

Building 255,- Pellet Plant;

*

Building 256 - Process Warehouse; and

*

Building 260 - Oxide Building.
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Characterization data for structures to be demolished prior to DP approval are based largely on
operational surveys, and will not be discussed in detail in this section. A summary of the
operational survey results are provided in Section 4.27 of the HRCR.
4.1.5

STRUCTURES THAT MAY REMAIN OR BE DEMOLISHED

Three of the remaining structures, Building 115, the Sanitary Wastewater Treatment Plant
(SWTP) Shed and Building 235, may be demolished at some point after DP approval or, if
deemed economically advantageous, remain intact after license termination. These structures are
considered to be impacted with contamination levels in excess of background. If the decision is
made that these buildings are to remain and be subjected to FSS, then additional characterization
surveys will be performed to support the new DQOs for these structures. Reference 4-2 provides
additional information about the buildings.
4.1.5.1

Building 115 - Fire Pump House

This building was built in 1992 and housed a diesel-powered generator and fire water pump, and
has no history of radioactive material use. Based on the previous characterization data, it does
not appear that the placement of waste in nearby burials impacted the subsurface of the building.
This building will be used to support decommissioning, and may be exposed to radioactive
materials. It may be used for sorting/measuring trash or other objects. The final decision to
demolish or decontaminate will be made based on a consideration of cost.
4.1.5.2

Sanitary Wastewater Treatment Plant Shed

The SWTP Shed that houses the equipment and instrumentation will be subjected to FSS prior to
license termination. The final radiological status of the system process components will be
determined when the system is taken out of service and the tanks and piping made available for
sampling and surveys. This building will be used to support decommissioning, and may be
exposed to radioactive materials. It may be used for sorting/measuring trash or other objects.
The final decision to demolish or decontaminate will be made based on a consideration of cost.
4.1.5.3

Building 235 - West Storage Building

This building was constructed as part of the original facility in 1956 and was used as a Uranium
storage building. Operational survey results indicate that residual radioactive material exists on
the surfaces in excess of background levels. Based on the operational use of the building that
involved only storage of dry material and the absence of floor drains, it is unlikely that the
subsurface has been impacted. This building will remain in place during most of the
decommissioning process for temporary storage of contaminated materials; however, the final
decision to demolish or decontaminate will be made based on a consideration of cost..
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4.1.5.4

Slabs and Foundations

The surfaces of the slab and/or foundations are considered to have residual contamination in
excess of background and are considered to be impacted. The final disposition of the slabs in
each of these buildings will be based on the relative cost for demolition, and the cost for
decontamination and subsequent final survey.

4-7

Revision 0.0

Westinghouse
-HematiteDecommissioningPlan

4.2

CONTAMINATED SYSTEMS AND EQUIPMENT

Above ground contaminated systems and equipment from the process buildings have been or
will be removed to the extent that the buildings can be safely demolished, prior to or during the
demolition of the buildings. As indicated in Section 4.1, all buildings except Buildings 110, 230
and 231; and potentially Building 115 and the SWTP Shed will be demolished prior to license
termination. Assuming that the activities initially approved are completed, the systems that will
remain at the time of DP approval are:
*

Ventilation Systems in Buildings 110, 230 and 231 (Building 231 contains only local
unit heaters);

*

Equipment in the SWTP Shed; and

" Underground Storm Water Drain and SWTP piping system (See Chapter 5 for table
of remaining storm and sanitary drain lines).
4.2.1

RADIONUCLIDES PRESENT

The radionuclides present and activity fractions in the systems and equipment are the same as
those in the contaminated structures, presented in Section 4.1 .1.
4.2.2

BACKGROUND LEVELS

Background levels for contaminated systems and equipment were included as part of the
discussion in Section 4.1.4.
4.2.3

VENTILATION SYSTEMS

Contamination levels for the ventilation systems were measured at the accessible ducts within
Buildings 110 and 230, and were included as part of the discussion in Section 4.1.3.2.
Measurements showed residual radioactivity levels to be far less than the proposed release
criteria. Additional measurements will be obtained throughout the ventilation systems at the
time of the FSS to confirm suitability for unrestricted release.
4.2.4

UNDERGROUND SYSTEMS

The underground systems consist of the Storm Water Drain System (Buildings to Outfall #3) and
the SWTP (Buildings to Outfall #1). Additional details regarding these systems are discussed in
Section 4.22 of the HRCR.
The Storm Water Drain System and SWTP have both historically received discharges from
multiple site structures during operation of the facility. Facility operating history and
4-8
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radiological effluent monitoring indicate that these underground systems contain licensed
material.
4.2.4.1

Storm Water Drain System

The impacted area of the site includes an underground Storm Water Drain System which
historically received discharge from multiple site structures during operation of the facility (see
Figure 4-1). The water from building roof areas and ground surface drains flows to the Site Pond
via the Storm Water Drain System (Outfall #3). During site operations the Storm Water Drain
System also received condensed steam from the Uranium Hexafluoride (UF 6) vaporizer steam
jackets and cooling water from heat exchangers. Facility operating history, building and soil
characterization surveys and effluent monitoring indicate the underground Storm Water Drain
System is contaminated in excess of background levels.
4.2.4.2

Sanitary Wastewater Treatment Plant

The impacted area of the site includes an underground SWTP which historically received
discharge from multiple site structures during operation of the facility (see Figure 4-1). The
SWTP receives water from sinks, toilets, showers and drinking fountains. The SWTP was also
used to receive laundry water (after the water was filtered and held for sampling) and waste
water from the process water demineralizer system and laboratory sinks. Facility operating
history, building and soil characterization surveys and effluent monitoring indicate that the
underground SWTP is contaminated in excess of background levels.
The SWTP Shed consists of a series of settling and aeration tanks and an adjacent building that
contains data logging and electronic instrumentation, floor drains and an open work area. The
portions of this system that have been impacted by licensed activities are limited to the process
components in contact with waste water, and that have the potential to collect settleable solids.
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4.3

SOIL CONTAMINATION

The following sections summarize the characterization results presented in the HRCR for
impacted and non-impacted areas and illustrate the locations of residual radioactivity greater than
DCGLs in surface and sub-surface soil within the impacted area of the site. The impacted and
non-impacted areas are shown in Figure 4-4 and the justification for the delineation of the areas
is discussed in Section 5 of the HRCR. In addition, direct radiation levels, in.counts per minute
(cpm) from a gamma walkover survey (GWS) and depths of detectable soil contamination are
provided in the HRCR.
4.3.1

RADIONUCLIDES PRESENT

Section 4 of the HRCR provides the results of each radiological characterization campaigns to
determine the radiological status of structures, systems and equipment, buried waste, surface soil,
sub-surface soil, sediment, surface water, and groundwater. The radionuclides identified in
samples of pipe scale and debris included Uranium and progeny, Th 232+C, Tc 99, Pu 239/240,
Am 241 and Np 237. Building and structural surface activity fractions were calculated based
on these data and presented in the HRCR. These data are also provided in Table 4-1 of this
Chapter. Bismuth-214 was identified in low concentrations in two scale samples from drains in
Building 230 indicating the potential presence of Ra-226.. However, the concentrations were less
than one percent of the uranium concentrations and the operations conducted in the Building 230
did not involve Ra-226. Therefore, Ra-226 was not included as a ROC in buildings. Section 2.2
of the HRCR provides additional information regarding the Site's radiological contaminants
4.3.2

BACKGROUND LEVELS

Soil samples were collected at off-site locations considered to be representative of on-site soil
types. At each off-site location, surface and sub-surface (at 3 ft depth) samples were collected.
Figure 4-24 of the HRCR shows the location of the off-site sample locations. A summary of the
background soil sample results is provided in Table 4-50 of the HRCR.
4.3.3

CHARACTERIZATION SUMMARY

The HRCR provides surface and sub-surface soil concentration data organized by site areas, both
impacted and non-impacted. The list below provides each HRCR area, the associated summary
table provided in this Chapter, and a reference to the HRCR section that provides detailed
information for the area (e.g., discussion of results and figures). Each summary table provides
the data for each area organized by depth and the media type (e.g., surface soil). The depth
categories correspond to the Conceptual Site Model (CSM) used in the development of DCGLs.
These depth categories are Shallow (0 to 15 centimeters (cm)), Root (15 cm and 1.5 meters (m))
and Deep (1.5 m and 4.8 m). See Chapter 5 for a detailed explanation of the DCGL development
assumptions and methods.
4-10
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*

Statistical Results of Site Pond Soil and Sediment (Table 4-4 and Section 4.3 of the
HRCR);

*

Statistical Results of Site Creek Soil and Sediments (Table 4-5 and Section 4.4 of the
HRCR);

*

Statistical Results of Northeast Site Creek Soil and Sediment (Table 4-6 and
Section 4.5 of the HRCR);

*

Statistical Results of Joachim Creek Sediments (Table 4-7 and Section 4.6 of the
HRCR);

"

Statistical Results of Burial Pit Soils and Fill (Table 4-8 and Section 4.7 of the
HRCR);

*

Statistical Results of Burial Pits Ra-226 Impacted Area Soils (Table 4-9 and
Section 4.7 of the HRCR);

*

Statistical Results of the Area Southeast of the Process Buildings Soils and Fill
(Table 4-10 and Section 4.8 of the HRCR);

*

Statistical Results of the Evaporation Ponds Soils (Table 4-11 and Section 4.9 of the
HRCR);
Statistical Results of the Former Leach Field Soils (Table 4-12 and Section 4.10 of
the HRCR);

*

Statistical Results of the Soils Beneath Buildings to be Demolished (Table 4-13 and
Section 4.11 of the HRCR);

*

Statistical Results of the Site Pond Surrounding Area Soils (Table 4-14 and
Section 4.12 of the HRCR);
Statistical Results of the Impacted Soils and Fill South of State Road P and North of
Process Buildings (Excluding Parking Lot) (Table 4-15 and Section 4.13 of the
HRCR);
Statistical Results of Impacted Soils, Exterior to Buildings (Table 4-16 and
Section 4.14 of the HRCR);
Statistical Results of Impacted Soil Below Parking Lot Asphalt (Table 4-17 and
Section 4.15 of the HRCR);
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*

Statistical Results of Soils East of the Northeast Site Creek (Table 4-18 and
Section 4.16 of the HRCR);

*

Statistical Results of Non-Impacted Soils North of State Road P (Table 4-19 and
Section 4.17 of the HRCR);

•

Statistical Results of Soils South of the Railroad (Table 4-20 and Section 4.18 of the
HRCR);

*

Statistical Results of Former Gas Station Surface Soil (Table 4-21 and Section 4.19
of the HRCR);

*

Statistical Results of Natural Gas Pipeline Soils (Table 4-22 and Section 4.20 of the
HRCR);
Statistical Results of Red Room Roof Burial Location & Cistern Burn Pit Soils
(Table 4-23 and Section 4.21 of the HRCR);

*

Statistical Results of Soils Beneath Buildings Remaining Post-License Termination
(Table 4-24 and Section 4.23 of the HRCR);
Statistical Results of Railroad Spur Soils (Table 4-25 and Section 4.24 of the HRCR);
and
Statistical Results of Background Soil Locations (Table 4-26 and Section 4.25 of the
HRCR).

4.3.4

RADIATION LEVELS

A GWS was conducted to identify the presence of gamma emitting radionuclides in surface soil
as discussed in Section 3.3.2.1 of the HRCR. The GWS was conducted using 2 inch x 2 inch
sodium iodide (Nal) detectors coupled to rate meters and a TrimbleTM global positioning system
(GPS) data logger. The objectives of the GWS were:
•

To perform gamma radiation surveys of 100-percent (%) of the surface soil areas
directly adjacent to the facility and surrounding the buildings; and

" To perform gamma radiation surveys covering up to 10% of the remaining surface
soil areas focusing on locations with higher potential for licensed material based on
process knowledge and physical site features, such as drainage ditches.
The GWS identified elevated gamma radiation levels near the railroad tracks. Further
evaluations concluded that these elevated readings appeared to be from Rhyolite Porphyry, a
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material in Missouri that contains high magmatic Thorium and Uranium concentrations that was
used for railroad track bed (i.e., non-licensed material).
Figure 4-5 provides a colored-coded graphical depiction of the GWS results, including the range
of results relative to the type of media surveyed. Soil Background determined during the GWS
ranged from approximately 10,000 to 13,000 cpm, with an average of 10,324 cpm and a
maximum of 13,224 cpm.
4.3.5

CONTAMINATION LEVELS

A statistical assessment of soil background data from the HRCR was performed in order to
determine concentration levels, or threshold values, that would indicate elevated soil
contamination. The following threshold values were calculated:
" Total Uranium - 2.4 pCi/g (99% percentile lognormal of background data provided in
Table 4-49 of the HRCR);
*

Th-232 - 1.7 pCi/g (background threshold value from Appendix A of the HRCR);
and

*

Ra-226 - 1.6 pCi/g (99% percentile lognormal of background data provided in
Table 4-49 of the HRCR).

Because Tc-99 is naturally present in background only in minute quantities, the statistical
assessment described above could not be used. Instead, the reported 'less than Minimal
Detectable Concentration (MDC)' values for all Tc-99 analyses in soil provided in the HRCR
were assessed as a statistical population. The threshold value for Tc-99 was calculated to be
1.2 pCi/g (99% percentile nonparametric of the population).
Based on the analyses presented in Reference 4-3, Am-241, Np-237, Pu-239/240 and U-236
were noted as insignificant ROC and therefore threshold values were not calculated.
4.3.5.1

Surface Soil

Extensive surface soil contamination was identified across the impacted area of the site that
exceeded the threshold values established in Section 4.3.4. Figures 4-6 through 4-8 illustrate
graphically the contamination concentration and associated surface contours for total Uranium,
Tc-99 and Th-232, respectively. Radium-226 was not identified as an isotope that exceeded the
threshold values. Note that the contours illustrated in the figures are interpolations using
advanced graphical software and professional judgment in conjunction with the analytical results
to define the boundaries of the contours. The figures also group selected areas based on process
knowledge presented in Reference 4-2 and on the clustering of measured concentration levels.
The cluster areas and the radionuclides present in surface soil are listed below:
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*

Burial Pits Soil - Total Uranium, Tc-99 and Th-232 (isolated);

*

Site Pond, Site Creek and Surrounding Soil and Sediment - Total Uranium, Tc-99,
Th-232 (isolated);

*

Soil Beneath and Surrounding the Process Buildings - Total Uranium and Tc-99;

*

Soil Southeast of the Process Buildings and Surrounding Areas - Total Uranium,
Tc-99 and Th-232 (isolated); and

*

Soil Beneath and Surrounding the Barns, Cistern Burn Pit and Red Room Roof Burial
-

Total Uranium and Tc-99.

No surface soil samples from non-impacted areas exceeded the threshold values discussed in
Section 4.3.4 for total Uranium, Tc-99 and Th-232. Outside of the Ra-226 Impacted Area, one
sample (2.0 pCi/g) in the area south of the railroad exceeded the Ra-226 threshold value of
1.6 pCi/g. This result is considered to be a statistical outlier and defining the sampled area as
non-impacted (with respect to Ra-226) is valid.
4.3.5.2

Sub-surface Soil

Extensive sub-surface soil contamination was identified across the impacted area of the site that
exceeded the threshold values established in Section 4.3.4. Figures 4-9 through 4-12 illustrate
graphically the concentration and associated sub-surface contours for total Uranium, Tc-99,
Th-232 and Ra-226, respectively. Note that the contours illustrated in the figures are
interpolations using advanced graphical software and professional judgment in conjunction with
the analytical results to define the boundaries of the contours. The figures also group selected
areas based on process knowledge presented in Reference 4-2 and on the clustering of measured
concentration levels. The cluster areas and the radionuclides present in sub-surface soil are listed
below:
*

Burial Pits Soil - Total Uranium, Tc-99 and Ra-226 (isolated to the Ra-226 Impacted
Area);

*

Site Pond, Site Creek and Surrounding Soil - Total Uranium and Tc-99 (isolated);

*

Soil Beneath and Surrounding the Process Buildings - Total Uranium and Tc-99

*

Soil Southeast of the Process Buildings and Surrounding Areas - Total Uranium and
Tc-99; and

*

Soil Beneath and Surrounding the Barns, Cistern Burn Pit and Red Room Roof Burial
-

Total Uranium and Tc-99.
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Over 1,640 samples were collected and analyzed and thus statistically it would be anticipated
that a few sample results from non-impacted areas may exceed the threshold values established
in Section 4.3.4. Two samples from the non-impacted area east of the Northeast Site Creek
exhibited slightly elevated detectable total Uranium (2.5 and 2.6 pCi/g) that exceeded the
threshold value of 2.4 pCi/g. Two samples in the non-impacted area south of the railroad
exhibited slightly elevated detectable Tc-99 levels, with one sample (1.7 pCi/g) exceeding the'
threshold value of 1.2 pCi/g. Section 4.18.2 of the HRCR discusses that the elevated Tc-99
activity is likely due to cross contamination during sampling. Outside of the Ra-226 Impacted
Area, two samples (both 1.7 pCi/g) in the impacted area beneath the process buildings and two
samples (1.7 and 2.6 pCi/g) in the natural gas pipeline area exceeded the Ra-226 threshold value
of 1.6 pCi/g. All of the results described above are considered to be statistical outliers and
defining the sampled areas as non-impacted is valid.
4.3.5.3

Depth of Contamination

A summary of areas with the maximum detectable sub-surface residual radioactivity depth is
provided below.
" Burial Pit Soil - 23 feet;
"

Site Pond and Site Creek Soil - 5 feet;

"

Soil Beneath and Surrounding Process Buildings - 16 feet;

*

Soil Southeast of Process Buildings - 5 feet;

*

Evaporation Pond Soil - 5 feet; and

*

Barns, Cistern Burn Pit and Red Room Roof Burial Soil - 6 feet.

Information on the depth of subsurface soil contamination is provided in more detail in Table 5-1
of the HRCR.
4.3.5.4

Radionuclide Ratios

An extensive assessment of radionuclide ratios and surrogate values was performed and is
provided in Reference 4-3.
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4.4

SURFACE WATER

Site surface water features are illustrated in Figure 4-13. Five intermittent tributaries and one
perennial stream (Joachim Creek) flow across or run adjacent to the site. The Joachim Creek is
located southeast of the site. and flows southwest to northeast. The Site Pond and East Lake
reside on the property. Portions of the Northeast Site Creek (northeast of the Burial Pits) and
Site Creek/Site Pond (southwest of Building 230) are located in the impacted area of the site.
The rest of the surface water bodies are located in the non-impacted areas of the site.
Table 4-27 also provides summary data for samples collected in various surface water bodies,
including those designated as background. The table provides summaries across all sampled
bodies of surface water. Section 4.2 of the HRCR provides details of the characterization data
while the following sections provide summarizes of the characterization information for each
sampled body of surface water.
4.4.1

BACKGROUND LEVELS

The summary statistics of the data obtained for background surface water samples, including the
results that were less than the MDC, are reported in Table 4-4 of the HRCR. The mean and
standard deviation values for gross alpha, gross beta and total uranium are listed below.
*

Gross Alpha: mean - 0.81 pCi per liter (pCi/L); standard deviation - 0.35 pCi/L

*

Gross Beta: mean - 2.3 pCi/L; standard deviation - 0.93 pCi/L

*

Total Uranium: mean - 0.93 pCi/L; standard deviation - 0.31 pCi/L

4.4.2

SITE POND

The Site Pond is fed by a natural spring located on the north tip and generally contains water
year around. The Site Pond receives storm water runoff from the plant area (see Figure 4-1).
One sample was collected for the surface water of the Site Pond and it contained radionuclide
concentrations for gross alpha, gross.beta and total Uranium in excess of the threshold levels
discussed in Section 4.4. The concentrations for that sample were:•
*

Gross Alpha - 38.9±8.1 pCi/L;

*

Gross Beta - 34.7+7.0 pCi/L; and

*

Total Uranium - 32 pCi/L.

Outfall sample result details are provided in the HRCR.
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4.4.3

SITE CREEK

The Site Creek is the effluent from below the dam of the Site Pond, and receives discharge from
the STS at Outfall 1 located directly below the dam. It flows through a culvert beneath the
railroad track, and joins the effluent from the Lake Virginia drainage basin; the combined stream
discharges to Joachim Creek. The Site Creek generally flows year around.
One sample was collected for the surface water of the Site Creek and it contained radionuclide
concentrations for total Uranium slightly in excess of the threshold levels discussed in
Section 4.4. The total Uranium concentration for that sample was 2.0 pCi/L.
4.4.4

NORTHEAST SITE CREEK

The Northeast Site Creek flows southeast, to the east of the Burial Pits, and then east to its
confluence with the effluent of East Lake tributary; then to Joachim Creek. The Northeast Site
Creek does not receive wastewater discharge directly from the site, but it receives discharge from
Outfall 4 and Outfall 6, which collects surface water runoff from paved and unpaved areas
southwest of Building 252 and the eastern side of the central site tract. Subsequently, the
Northeast Site Creek may be impacted. The Northeast Site Creek generally flows intermittently,
rather than continuously.
One sample was collected for the surface water of the Northeast Site Creek and it contained
radionuclide concentrations for total Uranium slightly in excess of the threshold levels discussed
in Section 4.4. The total Uranium concentration for that sample was 2.7 pCi/L.
4.4.5

JOACHIM CREEK

Joachim Creek is a perennial creek located along the southeast boundary of the site, and occupies
a relatively narrow valley (approximately 2,000 feet wide) that generally trends east-northeast.
Joachim Creek may have been impacted by historical site operations through surface water flow
from the Site Creek and the Northeast Site Creek. Additionally, Joachim Creek may have been
impacted by shallow groundwater flowing from the site and discharging into Joachim Creek,
surface water run-off from impacted site soil, and flooding.
Based on the four surface water characterization samples Joachim Creek does not contain surface
water radioactivity concentrations in excess of the threshold levels discussed in Section 4.4.
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4.5

GROUNDWATER

Groundwater sampling locations are shown on Figure 4-14. A summary of the various historical
groundwater studies performed at the site are presented in section 4.1.1 of the HRCR.
The site resides atop terrace deposits that extend along the northern boundary of the Joachim
Creek valley. Groundwater samples were collected from wells screened in the shallow
overburden, deep overburden, Jefferson City/Cotter Formation and Roubidoux Formation.
Details regarding groundwater studies are provided in Section 4.1.1 of the HRCR.
4.5.1

RADIONUCLIDES PRESENT

The source of the radionuclides in site groundwater is contaminated surface and sub-surface soil.
Therefore, the radionuclides potentially present are those found in soil. The radionuclides in soil
are discussed in Section 4.3.1.
4.5.2

BACKGROUND LEVELS

There are no groundwater monitoring wells that were specifically constructed for the purpose of
obtaining samples that are representative of the background radioactivity concentration.
However, bedrock wells BR12JC and BR12RB are located up gradient of the impacted areas of
the site with respect to groundwater flow, and therefore the data obtained at these locations are
.considered to be representative of the background concentration. The summary statistics of the
data obtained from these wells, including the results that were less than the MDC, are reported in
Table 4-1 of the HRCR. The mean and standard deviation values for gross alpha, gross beta and
total uranium are listed below.
*

Gross Alpha: mean - 6.9 pCi/L; standard deviation - 2.5 pCi/L

*

Gross Beta: mean - 6.8 pCi/L; standard deviation - 2.2 pCi/L

*

Total Uranium: mean - 4.1 pCi/L; standard deviation - 3.4 pCi/L

4.5.3

HYDROGEOLOGICAL SUMMARY

A detailed review of the hydrogeology of the site, including the overburden and bedrock HSUs,
and an analysis of the well screen depths and monitoring results is provided in SAIC Report,
"Supplemental Analysis of Hydrogeologic Conditions in Overburden at Westinghouse Hematite
Facility" (Reference 4-5) and SAIC Report, "Radionuclide Activity in Bedrock Groundwater at
Westinghouse Hematite Facility" (Reference 4-6). A summary is provided below.
The Hematite facility is located on alluvial deposits that form a terrace and floodplain associated
with erosional and depositional cycles of the ancestral Joachim Creek. Alluvial depositional
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environments are heterogeneous with abrupt variations in lithology representing intermingled
episodes of erosion and deposition as the stream channel migrates laterally within its flood plain.
The overall thickness of alluvium/terrace deposits underlying the Joachim Creek valley near the
site varies from approximately 17 ft to 45 ft and is comprised primarily of fine-grained silt and
clay that overlies sand and gravel near the bedrock surface. The sand and gravel unit represents
multiple episodes of deposition associated with terrace formation and subsequent creek meander.
The resulting unit is variably distributed with thickness increasing toward Joachim Creek. There
are five HSUs underlying the Hematite facility as listed below;
" Near surface silty clay,
* Discontinuous "fat" claylayer,
*

Deeper silty clay,

*

Clayey, silty sand and gravel, and

*

Bedrock.

The overburden consists of a surficial aquitard with three, predominantly clay, HSUs including
the near surface silty clay, the discontinuous "fat" clay layer with high plasticity, and the deeper
silty clay. Sand and silt are present as discontinuous thin layers, lenses, inclusions, or seams that
are capable of transmitting water laterally over limited distances within the aquitard.
Precipitation and recharge interaction with the contaminated soil and buried waste materials
results in the generation of leachate that migrates downward under prevailing seepage conditions
in the aquitard and subsequently flows laterally within the sand/gravel aquifer.
North of the Union Pacific railroad line which includes the central tract, the clay ranges from 20
ft to 38 ft thick with an average thickness of 30 ft. Total porosity in the clay ranged from 0.41
feet to 0.48 feet. Saturation in the clay aquitard is variable and dependent on precipitation events
and recharge. The calculated vertical hydraulic gradient through the clay is downward-directed
with a range from 0.035 feet/foot to 1.049 feet/foot and an average of 0.574 feet/foot. The
calculated hydraulic gradients are consistent with the clay aquitard lithology.
The sand and gravel deposits thicken from less than 5 ft in the terrace deposits at the northern
facility boundary to approximately 20 ft in the vicinity of Joachim Creek. The average sand
thickness in the facility area is 6.5 ft. Field (slug) testing in the sand and gravel deposits
indicated hydraulic conductivity ranging from 3.38 x 10 -4 cm/sec to 6.91 x 10-2 cm/sec with a
geometric mean of 7.987 x 10- cm/sec.
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The development of a sustainable water supply from the aquitard for the purposes of domestic
supply or irrigation is considered impractical and infeasible based on the mean hydraulic
conductivity of the aquitard (2.85 x 10-5 cm/sec), the low mean matrix permeability (3.48 x 10_8
cm/sec) of the clay, and the apparent lack of interconnected flow pathways in the clay. In
addition, a survey of 721 private drinking wells, 38 public wells, and 4 industrial wells within a
5-mile radius of the site provided no documentation to indicate that any of the wells are
completed in overburden or more specifically a clay resource. Domestic and industrial water
wells in the region produce water predominantly from the Powell-Gasconade bedrock aquifer
group of the Ozark Aquifer, which includes the Jefferson City and the Roubidoux Formations.
Although the Hematite area well survey did not identify any domestic or industrial wells
completed in the overburden, the sand/gravel aquifer is conservatively assumed to be a potential
source of potable water. Development of a water supply from the sand/gravel would be
challenging on the site property because of the limited overall thickness of the aquifer.
However, the sand and gravel deposits on the facility remain an effective under-drain for the clay
overburden and provide a viable water resource immediately down-gradient of the plant area
boundary south of the facility. The thickness of sand in this area was estimated from an isopach
(thickness) contour map to be approximately 8 ft. The thickest accumulation of sand (25 ft) is
encountered farther down-gradient on the Joachim Creek floodplain. While the thicker sand
would be more suitable for a well, the sand thickness adjacent to the facility (8 ft), at the downgradient edge of the contaminated zone, could provide sufficient resource for the development of
a domestic water supply.
Based on the above discussion, water samples collected from wells screened in the aquitard
overburden is considered leachate from surrounding contaminated soil, not potable groundwater.
Only water collected from wells screened in the sand/gravel aquifer or the bedrock aquifer is
considered to represent potable groundwater.
4.5.4

DISCUSSION OF RESULTS

A comprehensive compilation of groundwater data and statistics, including quality control data
and results that were "less than MDC", is provided in Table 4-28. To facilitate a discussion of
the groundwater monitoring results, Table 4-29 summarizes a reduced data set that only includes
field results that exceeded the MDC with all quality control data removed. The data in Tables
4-28 and 4-29 was categorized according to the hydrostratigraphic unit (HSU) that the well was
screened in. The characterization and monitoring results provided in Tables 4-28 and 4-29 were
organized to ensure that the result is properly characterized as leachate or groundwater.
The construction of each well was reviewed to determine whether the well was screened in the
overburden, the sand/gravel aquifer or the bedrock aquifer. However, the construction records
were found to be incomplete for a number of the wells. These incomplete records fall into one of
three categories; 1) the record contains no information regarding well construction (note that
there is only one well in this category with all Tc-99 results <MDC), 2) the records indicate that
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the well was constructed in the overburden but contained no information as to screen depth, and
3) the records indicated construction in the overburden and included a screen depth but the
screen appears to be located to some extent in both the clay overburden and the sand/gravel
aquifer.
Considering the above exceptions, the data in Tables 4-28 and 4-29 was organized into six
categories based on the location of the well screen as listed below:
0

Clay Overburden,

0

Sand/Gravel Aquifer,

a

Bedrock Aquifer,

0

No Well Construction Record,

0

Overburden - Unknown Screen Depth, and

0

Overburden - Hybrid Screen (screened in both the Clay and sand/gravel).

An analysis of the results in Table 4-29 for wells with known well screen location, i.e., Clay
Overburden, Sand/Gravel Aquifer, and Bedrock Aquifer shows that the water (leachate)
collected from the Clay Overburden contains significant concentrations of Tc-99 with 85 of 143
results exceeding the MDC with a range from 2.4 to 5330 pCi/L Tc-99. However, in direct
contrast are the results from the sand/gravel and bedrock aquifers which show very limited
positive results. Seven out of 100 samples collected from the sand/gravel aquifer exceeded the
MDC with a range of 1.15 to 5.95 pCi/L Tc-99. Five out of 128 samples collected from the
Bedrock Aquifer exceeded the MDC with a range of 2.03 - 48.9 pCi/L Tc-99.
There were also positive uranium results in the samples from the sand/gravel and bedrock
aquifers. The positive uranium results were evaluated and found to be indistinguishable from
background which was expected given the relative low mobility of uranium compared to
technetium.
In addition to the very limited number of positive results from the sand/gravel and bedrock
aquifers, a review of the location and time of the sample collection indicates a very disparate and
disconnected pattern for the positive results. As discussed in Reference 4-7, it appears that the
positive results from the bedrock wells could be attributed to sampling or analytical anomolies.
The very limited positive results from the sand/gravel aquifer are also scattered and disconnected
in time and location. While it cannot be demonstrated with certainty that the limited positive
Tc-99 results in the samples from the aquifers do not represent actual contamination, it can be
concluded with high confidence that there is no significant groundwater contamination plume in
the aquifers underlying the Hematite Site.
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A review of the data in the Overburden - Unknown Screen Depth, and Overburden - Hybrid
Screen (screened in both the clay and sand/gravel) categories shows a pattern of positive Tc-99
results that is similar to the Overburden Clay category. Of particular interest are the Overburden
- Hybrid Screen data because the screen draws from both the clay overburden and the
sand/gravel aquifer and it cannot be ruled out that the source of the contamination is the
sand/gravel aquifer. However, the discussion above of the results from wells known to be
screened only in clay or the sand/aquifer demonstrate a clear pattern that leads to a conclusion
that the source of the contamination in the Overburden - Hybrid Screen wells is most likely
leachate from the clay. Therefore, the positive results from the hybrid wells are assumed to be
caused by contamination in the clay, not the sand/gravel aquifer. Additional wells will be
constructed and sampled in the vicinity of a select number of hybrid wells to confirm this
assumption. If the additional sampling produces data that does not support this assumption, then
additional evaluations shall be performed on the effect of residual radioactivity in the sand/gravel
aquifer.
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L/d
L/kg
L/yr
LBG
lbs
LEU
m
m/sec
m/yr
m2
m2/hr
m 3/hr
m 3/yr
MARSSIM
MB
MDC
mg/d
mR/hr

Fruits, Vegetables and Grains
grams per cubic centimeter
grams per day
grams per cubic meter
grams per year
High Enriched Uranium
Hematite Decommissioning Project
hour or hours
per hour
Historical Site Assessment
hydrostratigraphic unit
International Commission On Radiological Protection
distribution coefficient
kilogram per day
kilogram per square meter
kilogram per year
liters per day
liters per kilogram
liters per year
Leggette, Brashears and Graham, Inc.
pounds
Low Enriched Uranium
meter or meters
meters per second
meters per year
square meters
square meters per hour
cubic meters per hour
cubic meters per year
Multi-Agency Radiation Survey And Site Investigation Manual
Mass-Balance
Minimum Detectable Concentration
milligrams per day
milliRoentgen per hour

vi

Revision 0.0

O Westinghouse

Hematite DecommissioningPlan

ACRONYMS AND ABBREVIATIONS
(continued)
mrem
mrem/yr

millirem
millirem per year
mSv
milliSieverts (1 mSv = 100 mrem)
NA
Not Applicable
ND
Non-Dispersion
U.S. Nuclear Regulatory Commission
NRC
NS
Not Sensitive
Np-237
Neptunium-237
Pa-234m
Protactinium-234 Metastable
PCC
Partial Correlation Coefficient
picoCuries per gram
pCi/g
pCi/L
picoCuries per liter
pCi/yr
picoCuries per year
PDF
Probability Distribution Function
PRCC
Partial Rank Correlation Coefficient
Pu-239/240
Plutonium-239 and Plutonium-240
Ra-224
Radium-224
Ra-226
Radium-226
Ra-228
Radium-228
Remedial Action Support Survey
RASS
computer code developed by ANL for Soil DCGL development
RESRAD
RESRAD-BUILD computer code developed by ANL for Building DCGL development
Rn-222
Radon-222
Radionuclide Of Concern
ROC
SA
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5.0
5.1

DOSE MODELING

INTRODUCTION

The purpose of this Chapter is to describe the methods used to calculate site-specific derived
concentration guideline levels (DCGLs) for soil, buildings, and buried piping for the Hematite
Decommissioning Project (HDP) and to provide the results of the calculations. The DCGLs
represent the level of residual radioactivity, above background, in soil, on building surfaces, and
in buried piping that would result in a total effective dose equivalent (TEDE) of 25 mrem/yr to
the average member of the critical group. The DCGLs will be used to demonstrate compliance
with the dose criteria in 10 CFR Part 20.1402 (Reference 5-1).
The dose modeling methods and assumptions are described and the results of the DCGL
calculations provided. This includes the selection of the critical group, exposure scenario, and
Conceptual Site Models (CSMs) for soil, buildings, and buried pipe. The Residual Radioactivity
(RESRAD) Code, Version 6.4 was used to calculate the soil DCGLs. The RESRAD-BUILD
Code Version 3.4 was used to calculate the structure DCGLs. Spreadsheet calculations were
used to determine the buried pipe DCGLs. The model input parameters for the RESRAD and
RESRAD-BUILD codes are described and justified including a sensitivity analysis to identify
the physical parameters that have the greatest affect on dose. Finally, the correction factors for
DCGLs that are applicable to small areas (i.e., area factors (AF)) are calculated and the results
provided.
The calculations provide DCGLs for each radionuclide of concern (ROC) at the site that
represent 25 mrem/yr given the assumptions of the applicable scenario. The presence of multiple
radionuclides will be addressed using the "sum of fractions" (SOF) method. The application of
the SOF method is discussed in detail in Chapter 14.
The soil DCGLs were calculated using a CSM that represents the in-situ geometry of the residual
contamination at the time of license termination. An additional scenario was evaluated to assess
the impact of a hypothetical excavation at some time in the future after license termination. The
results of the evaluation indicated that the dose from soil below 1.5 m could potentially be higher
post-excavation than the dose estimated for the in-situ geometry CSM. Therefore, as an As Low
As Reasonably Achievable (ALARA) measure, soil below a 1.5 m depth will be evaluated for
removal at concentrations lower than the CSM DCGLs. These lower concentrations correspond
to 25 mrem/yr from the excavation scenario.
The implementation of the soil DCGLs during Remedial Action Support Surveys (RASS) and
Final Status Surveys (FSS) will be accomplished using modified and adjusted DCGLs. The
modified and adjusted DCGLs account for the potential dose contribution from radionuclides
judged to be "insignificant," as well as the adjustment to the Uranium-235 (U-235) DCGL to
account for Technetium-99 (Tc-99) as a surrogate.
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The method used to account for potential dose associated with radioactivity in groundwater is
described in this Chapter. The method to account for potential dose from insignificant
radionuclides is described in the Westinghouse Report "Derivation of Surrogates and Scaling
Factors for Hard-to-Detect Radionuclides" (Surrogate Report, Reference 5-2). The numerical
values for the modified and adjusted DCGLs that are to be used during remediation and FSS are
reported in Chapter 14.
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5.2

RADIONUCLIDES OF CONCERN

Based on the facility operating history provided in Chapter 2 and the characterization data
provided in Chapter 4, the potential ROCs at the Hematite Site were identified and are listed
below:
*

Uranium-234 (U-234);

*

Uranium-235 (U-235+D)l;

*

Uranium-238 (U-238+D)l;

*

Technetium-99 (Tc-99);

*

Americium-241 (Am-241);

*

Neptunium-237 (Np-237+D)l;

*

Plutonium-239/240 (Pu-239/240);

0

Thorium-232 (Th-232+C) 1 ; and

*

Radium-226 (Ra-226+C)'.

The vast majority of residual radioactivity can be attributed to U-234, U-235, U-238, and Tc-99.
The transuranic radionuclides, including Pu-239/240, Np-237 and Am-241 are present in only
trace quantities that were introduced by the use of reprocessed Uranium in the gaseous diffusion
process.
Thorium-232 is present in natural background and has been identified as a ROC at a limited
number of locations within the area of the buried waste.
Radium-226 was identified as a ROC at two locations in the buried waste (see Chapter 4 for
characterization details). The elevated Ra-226 was likely introduced into the Burial Pits with
waste as a result of installing contaminated equipment into the process operations. Bismuth-214
was identified in low concentrations in two scale samples from drains in Building 230 indicating
the potential presence of Ra-226. However, the concentrations were less than one percent of the

The nomenclature "+D" indicates that the dose contribution of the short-lived progeny are accounted for by the

parent and "+C" indicates that the dose contribution of the entire decay chain (progeny) in secular equilibrium are
accounted for by the parent.'
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uranium concentrations and the operations conducted in Building 230 did not involve Ra-226.
Therefore, Ra-226 was not included as a ROC in buildings.
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SOIL DCGL DETERMINATION

The RESRAD Version 6.4 computer code was used to calculate the site-specific DCGLs for
residual radioactivity in soil. The selection of input parameters for the model required the
identification of the critical group, the identification of potential exposure pathways and the
development of a CSM.
5.3.1

CRITICAL GROUP

The Resident Farmer was selected as the critical group based on the current use of the
surrounding property and the potential future use of the land over the next 100 years. The
consideration of a 100-year period for the future land use projection is consistent with the
guidance provided in NUREG-1757, Volume 2, Appendix I (Reference 5-3).
The surrounding property is currently used for agriculture. It is therefore reasonable to assume
that the Hematite Site property could be used as a resident farm sometime following license
termination. A Resident Farmer critical group results in more conservative DCGLs (i.e., lower
concentrations) than either a residential or industrial use critical group due primarily to the
increased dose from the consumption of food grown onsite and occupancy time considerations.
5.3.2

EXPOSURE PATHWAYS

A Resident Farmer is assumed to move onto the site after license termination, build a home, and
establish a farm for raising crops and livestock. The Resident Farmer scenario assumes exposure
to residual radioactivity through several exposure pathways including:
*

Direct radiation;

*

Inhalation of re-suspended dust;

*

Direct ingestion of soil;

*

Ingestion of food from crops grown in contaminated soil and irrigated with site
water;

*

Ingestion of fish and other aquatic food from a nearby pond contaminated by runoff and water percolated through the contaminated area;

*

Ingestion of water from a well contaminated by water percolated through the
contaminated area; and
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Ingestion of meat and milk from livestock raised using on-site well water and feed
grown within the contaminated soil that has been irrigated with site water.

The Radon exposure pathway was not included in the dose assessment which is consistent with
the guidance provided in NUREG-1757, Volume 2, Appendix J. Figure 5-1 illustrates the
applicable exposure pathways for contaminated soils.
5.3.3

CONCEPTUAL SITE MODEL

The conceptual model includes the surface and subsurface geometry of the Contaminated Zone
and the hydrogeological conditions of the site that affect radionuclide transport and exposure.
5.3.3.1

Contaminated Zone

The Contaminated Zone includes the impacted area identified in Chapter 4, Figure 4-4, as well as
an area north of the Northeast Site Creek that is not currently impacted but has been designated
as a future staging area for excavated material which may result in the surface soil in the area
becoming slightly contaminated. Figure 5-2 shows the assumed Contaminated Zone for
RESRAD modeling purposes with the impacted area indicated by green and the future staging
area by red cross-hatching. The total area of the Contaminated Zone was estimated to be 37.9
acres (153,575 in2).
The parts of the Hematite Site that are not included in the CSM are considered to be nonimpacted. See Chapter 2 and Chapter 4 for a detailed discussion of the site history and
characterization results that provide the justification for designating areas as impacted and nonimpacted.
The characterization also identified two locations within the north end of the buried waste that
contain Ra-226 contamination (Ra-226 Impacted Area). The size of the Ra-226 Impacted Area is
approximately 0.3 acres (1,292 m 2) (see Figure 5-3). The elevated Ra-226 was likely introduced
into the Burial Pits with waste as a result of installing contaminated equipment into the process
operations (see Chapter 4). A separate CSM was developed for Ra-226 which assumes a 1292 m2
Contaminated Zone area in order to be more representative of site conditions.
The soil contamination, including surface and subsurface, was modeled using two different
source term geometries; 1) a soil column with three distinct layers that represent different
exposure pathways and depths, and 2) a soil column with uniform contamination over the entire
depth of the Contaminated Zone. Therefore, the surface and subsurface contamination is
represented by four different geometries, or CSMs, as described below and shown in Figure 5-4.
Note that the justification for the selection of unsaturated and saturated zone depths shown in
Figure 5-4 is provided in Section 5.3.3.2.
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The first subsurface geometry assumes a soil column that is comprised of three stratums as
summarized and discussed below:
Surface - surface soil to a depth of 15 cm below the ground surface;
Root - subsurface soil starting at 15 cm and extending to 1.5 m below the ground
surface to include the entire root stratum; and
*

Deep - subsurface soil located below 1.5 m (i.e., below the root stratum) and
extending to the bottom of the Contaminated Zone which was conservatively
estimated to be 6.7 m below the ground surface.

The Surface stratum represents the typical surface contamination configuration, i.e., the top
15 cm of soil.
The Root stratum represents soil in the root zone (15 cm to 1.5 meters) and accounts for the
potential removal of soil due to erosion over the 1,000-year modeling period. The root depth is
assumed to be 0.9 m and potential erosion over 100 years is estimated to be 0.6 m (see
Section 5.3.4.2 for parameter justification). Using the combined 1.5 m depth ensures that the
thickness of the root stratum will equal or exceed the 0.9 m root depth for the entire 1,000-year
period.
The Deep stratum represents soil below the root stratum starting at a depth of 1.5 meters and
extending to the bottom of the Contaminated Zone, which was conservatively estimated to be
6.7 m deep (see Section 5.3.4.2 for parameter justification).
The second subsurface geometry is comprised of one stratum as described below:
* Uniform - uniform soil contamination from the ground surface to the bottom of the
Contaminated Zone (6.7 in).
DCGLs were calculated for each of the four CSMs discussed above including Shallow, Root,
Deep and Uniform. The four CSMs were designed to address the various configurations that
may be present during remediation and at the time of the FSS. DCGLs were also calculated for
an excavation scenario CSM to evaluate the effect of changing the in-situ soil configuration after
license termination. The methods and calculations for demonstrating compliance with the
DCGLs are discussed in detail in Chapter 14. A brief summary is provided below.
Demonstration of compliance with the Uniform DCGL is simply a comparison of the DCGL to
the average concentration of residual contamination regardless of the depth of the contamination.
Compliance with the "three layer" geometry requires consideration of the Surface, Root, and
Deep layers independently, depending on the depth of the contamination. Because each of the
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three DCGLs (Surface, Root, Deep) represent 25 mrem/yr from each layer independently, the
unity rule will be used to demonstrate compliance if contamination is present in more than one
soil layer.
In some cases, all three layers may not be present, for example, when there is no contamination
below the depth of 1.5 m. In this case, compliance is demonstrated using the unity rule for the
Surface and Root DCGLs only. If no contamination is present below 0.15 m, compliance would
be demonstrated by comparison to the Surface DCGL only.
The geometries and compliance demonstration discussed above would apply equally to either
residual soil contamination remaining in-situ after excavation or residual contamination in soil
that is used as backfill after excavation is completed.
5.3.3.2

Site Hydrogeology

A detailed summary of the hydrogeological conditions in the overburden at the Hematite Site is
provided in Reference 5-7 along with justifications for the various RESRAD parameters
affecting migration and transport through the contaminated, unsaturated, and saturated zones.
An overview of the overburden hydrogeology, particularly as it affects the development of the
CSM, is provided below.
The Hematite Site is located on alluvial deposits that form a terrace and floodplain associated
with erosional and depositional cycles of the ancestral Joachim Creek. The overall thickness of
alluvium/terrace deposits underlying the Joachim Creek valley near the Central Tract (the area
on the site where operational activities were historically conducted) varies from approximately
5.2 m to 13.7 m thick and is comprised primarily of fine-grained silt and clay that overlies sand
and gravel near the bedrock surface.
The overburden consists of a surficial aquitard with three, predominantly clay, hydrostratigraphic
units (HSUs) including near surface silty clay, a discontinuous clay layer of high plasticity, and a
deeper silty clay. Sand and silt are present as discontinuous thin layers, lenses, inclusions, or
seams that are capable of transmitting water laterally over limited distances within the aquitard.
Precipitation and recharge interaction with the buried waste materials results in the generation of
leachate that migrates downward under prevailing seepage conditions in the aquitard and
subsequently flows laterally within the sand and gravel aquifer.
North of the Missouri Pacific railroad line (the Central Tract) the clay ranges from 6.1 m to
11.6 m thick with an average thickness of 9.1 m. Total porosity in the clay ranged from 0.41 ft
to 0.48 ft. Saturation in the clay aquitard is variable and dependent on precipitation events and
recharge. The calculated vertical hydraulic gradient through the clay is downward-directed with
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a range from 0.035 feet/foot to 1.049 feet/foot and an average of 0.574 feet/foot. The calculated
hydraulic gradients are consistent with the clay aquitard lithology.
The sand and gravel deposits thicken from less than 1.5 m in the terrace deposits at the northern
boundary of the Central Tract to approximately 6.1 m in the vicinity of Joachim Creek. The
average sand thickness in the Central Tract area is 2 m. Field (slug) testing in the sand and
gravel deposits indicated hydraulic conductivity ranging from 3.38 x 1 0 4 cm/sec to 6.91 x 10
cm/sec with a geometric mean of 7.99 x 10- cm/sec.
The development of a sustainable water supply from the aquitard for the purposes of domestic
supply or irrigation is considered impractical and infeasible based on the mean hydraulic
conductivity of the aquitard (2.85 x 10-5 cm/sec), the low mean matrix permeability
(3.48 x 10-8 cm/sec) of the clay, and the apparent lack of interconnected flow pathways in the
clay. In addition, a survey of 721 private drinking wells, 38 public wells, and 4 industrial wells
within a 5-mile radius of the Hematite Site provided no documentation to indicate that any of the
wells are completed in overburden or more specifically a clay resource. Domestic and industrial
water wells in the region produce water predominantly from the Powell-Gasconade bedrock
aquifer group of the Ozark Aquifer, which includes the Jefferson City and the Roubidoux
Formations.
Although a survey of wells in the vicinity of the Hematite Site did not identify any domestic or
industrial wells completed in the overburden, the CSM conservatively assumes that a water
supply is developed in the sand aquifer. Development of a water supply from the sand would be
challenging on the Central Tract because of the limited overall thickness of the aquifer.
However, the sand and gravel deposits on the Central Tract remain an effective under-drain for
the clay overburden and provide a viable water resource immediately down-gradient of the
Central Tract boundary south of the facility. The thickness of sand in this area was estimated
from an isopach (thickness) contour map to be approximately 2.4 m. The thickest accumulation
of sand (7.6 m) is encountered farther down-gradient on the Joachim Creek floodplain. While
the thicker sand would be more suitable for a well, the sand thickness adjacent to the Central
Tract (2.4 m) could provide sufficient resource for the development of a domestic water supply
and was assumed to be the location of a domestic well in the CSM. This location is consistent
with the RESRAD non-dispersion model which assumes a well location at the down-gradient
edge of the Contaminated Zone.
5.3.4
5.3.4.1

RESRAD INPUT PARAMETERS
Parameter Selection Protocol

The RESRAD code was run using deterministic parameters. The parameters were selected by
first categorizing the parameters as behavioral, metabolic, or physical in accordance with the
recommendations in NUREG/CR-6697 (Reference 5-4). Consistent with the guidance in
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NUREG- 1757, Section 1.6.4.2, the behavioral and metabolic parameters were assigned the mean
of the parameter distribution function (PDF) recommended in NUREG-5512, Volume 3
(Reference 5-5). The metabolic and behavioral parameters are listed in Table 5-1.
The method for selecting the physical parameters that were not site-specific depended on their
relative affect on the calculated dose. NUREG/CR-6697, Attachment B provides a detailed
analysis of the physical parameters. The result was a ranking of the parameters as Priority 1,
Priority 2 or Priority 3. Priority 1 parameters generally have the greatest affect on dose and
Priority 3 parameters generally have the least. The parameter priority rankings are provided in
NUREG/CR-6697, Attachment B, Table 4.2.
The preferred method for the selection of physical parameters was the use of site-specific values
determined by measurement or analysis or from literature values based on the site soil type. If
site-specific information was not available the parameter priority ranking was used to guide the
parameter selection process.
Priority 3 parameters that were not site-specific were assigned the RESRAD deterministic
default values (Table 5-2). Priority 1 and 2 parameters that were not site-specific were assigned
values based on the parameter sensitivity. The sensitivity analysis and results are described in
Section 5.3.4.3.
Priority 1 and Priority 2 parameters that were not sensitive were assigned the median or mean
value from the PDFs provided in NUREG/CR-6697, Attachment C. Parameters that were
sensitive were assigned the 25th or 75h quantile of the NUREG/CR-6697 PDF, depending on
whether the dose was positively or negatively correlated, or assigned values based on other
justification.
5.3.4.2

Site-Specific Physical Parameters

A significant number of the physical parameters were site-specific including Priority 1, 2, and 3.
Table 5-3 lists the site-specific physical parameters. The site-specific Priority 1 and 2
parameters are discussed below.
Several of the parameters were determined by analysis of site soil or hydrogeology
(Reference 5-6 and Reference 5-7). For example, the contaminated and unsaturated zone
distribution coefficients (Kds) for Uranium and Technetium were determined by laboratory
analysis of representative site soil samples. The density and total porosity of the Contaminated
Zone and unsaturated zone soil were also determined by analysis of site soil. The hydraulic
conductivities of the contaminated, unsaturated and saturated zones were determined by
laboratory and field testing. The values for the length parallel to aquifer flow and watershed area
parameters were based on site hydrological investigations.
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A number of site-specific parameters were selected based on literature values, primarily from
NUREG/CR-6697, that are directly related to the site soil type. The soil type for the
contaminated and unsaturated zones was analytically determined to be silty soil (Reference 5-6).
The soil type for the saturated zone was determined to be sand by inspection of the well logs
(Reference 5-7). Parameters that were selected based on site-specific soil type include effective
porosity, field capacity, and "b" parameters for the contaminated, unsaturated and saturated
zones and the density, total porosity and effective porosity for the saturated zone
(Reference 5-4).
Soil erosion rate and evapotranspiration rate were calculated using site-specific input values such
as site slope, soil type, irrigation rate, precipitation rate, and transpiration rate. The indoor
shielding factor parameter was based on MicroShield calculations using the gamma emissions
from the site ROCs (Appendix A).
The depth of the Contaminated Zone was determined by analysis of the data provided in
Figure 5-5. The figure displays all of the site characterization soil sample results, in "sum of
fraction" (SOF) units, that included at least one of the primary radionuclides (Tc-99, U-234, U235, U-238) at concentrations above the MDC. The vast majority of the inventory is above
16 feet. An insignificant number of samples (nine), containing very low, concentrations were
below 22 ft. One of the nine samples had an SOF of approximately 0.04 with the remaining eight
less than 0.01. Therefore, 22 feet (6.7 m) was selected as a conservative depth of contamination.
5.3.4.3

RESRAD Parameter Sensitivity Analysis

The following Priority 1 and Priority 2 physical parameters were not site-specific. A sensitivity
analysis was performed to guide the selection of these parameters.
*

KKds for contaminated, unsaturated, and saturated zones for Am-241,
Pu-239/Pu-240, Np-237, Th-232, Ra-226 and associated daughter products;

*

Plant, Meat, Milk, and Fish Transfer Factors for all ROCs and associated
progeny;

0

Well pumping rate;

•

Mass loading for inhalation;

0

Indoor dust filtration factor;

0

Depth of soil mixing layer;
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*

Depth of Roots;

*

Wet weight crop yield of fruit, grain and non-leafy vegetables;

•

Weathering removal constant of all vegetation; and

•

Wet foliar interception fraction of leafy vegetables.

The Uncertainty Analysis module in the RESRAD code was used to perform the sensitivity
analysis. The RESRAD default PDFs for the parameters listed above were selected for the
uncertainty analysis. The results for thePartial Rank Correlation Coefficient (PRCC) reported in
the Regression and Correlation Output (for the peak of the mean dose time) in the RESRAD
Uncertainty Analysis Report were used to determine the parameter sensitivities. An analysis was
performed for each of the CSMs (Surface, Root, Deep and Uniform). If a parameter was
sensitive for any of the CSMs the conservative value assigned (i.e., 25th or 75th quantile) was
applied to all CSMs.
A PRCC result exceeding the absolute value of 0.25 ([0.25])was considered sensitive. Because
of variability in the PRCC results, particularly at levels approaching [0.25], the parameter was
considered sensitive only if all three of the output repetitions exceeded [0.25]. PRCC results
exceeding [0.5] were robust with good agreement between the three repetitions as well as good
qualitative agreement with the three other correlation calculations reported in the regression
output including Partial Correlation Coefficient (PCC), Standardized Regression Coefficient
(SRC), and Standardized Rank Regression Coefficient (SRRC). Parameters with PRCC results
between [0.25] and [0.5] had greater variability and less agreement with the other correlation
calculations. Therefore, further investigations of the parameters with PRCC results between
[0.25] and [0.5] were performed.
In accordance with NUREG-1757, Section 1.7.5, the relative ratios (or mixture) of the ROCs
were used in the sensitivity analysis. The concentrations were calculated from site
characterization data. Because each CSM represents a unique source term geometry, a different
mixture was applied to the Surface, Root, Deep and Uniform CSMs based on the characterization
results corresponding to the respective CSM depth (Reference 5-8). The ROC concentrations
used for the sensitivity analysis are provided in Table 5-4.
The detailed RESRAD output reports including the Regression and Correlation Output are
provided in Reference 5-8. The numerical results for the PRCC (as well as PCC, SRC and
SRRC) for all of the parameters evaluated and all four CSMs are provided in Appendix B.
A summary of the PRCC results is provided in Table 5-5.
One result with a PRCC value between -0.25 and -0.5 was viewed as suspect. The Milk Transfer
Factor for Actinium was reported as a negative correlation with an average PRCC of -0.35. A
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review of the parameter individually indicated a slight sensitivity but with a positive correlation
as opposed to negative. Because of the uncertainty in this result and the low dose impact
attributable to the pathway the parameter was considered insensitive. A discussion and
justification for the selection of values for the sensitive parameters is provided below.
5.3.4.4

Selection of Sensitive Parameter Values

As discussed in Section 5.3.4.3, sensitive parameters were assigned the 25'h or 75th quantile of
the NUREG/CR-6697 PDF, depending on whether the dose was negatively or positively
correlated, or assigned values based on case-by-case justification. The following parameters
were positively correlated with dose and were therefore assigned the 7 5 th quantile value of the
corresponding PDF:
*

Plant transfer factor for Pb;

0

Plant transfer factor for Ra;

0

Plant transfer factor for Tc;

0

Plant transfer factor for U;

0

Milk transfer factor for Pb; and

0

Meat transfer factor for U.

Five of the sensitive parameters including the Kd of Ac-227 in the saturated zone, Kd of Np-237
in the unsaturated zone, Kd of Th-232 in the Contaminated Zone, Depth of Soil Mixing Layer,
and Depth of Roots were assigned values based on specific justification as opposed to the
25th or 75th quantile.
5.3.4.4.1

Kd of Ac-227 in Saturated Zone

The Kd of Ac-227 in the saturated zone showed a negative correlation (average PRCC
of -0.31) for the Deep CSM only. NUREG/CR-6697, Attachment C, Section 3.9 states that the
PDF for the Actinium Kd was based on the plant transfer factor to Kd relationship assuming
loamy soil and that the standard deviation of the PDF was set to a high value to consider a
potential wide range of values. Since the saturated zone soil type is known to be sand, the value
for sand reported in Table 3.9-2, i.e., 450 L/kg was considered to be more applicable than the
25th quantile of the PDF.
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5.3.4.4.2

Kd of Np-237 in Unsaturated Zone

The Kd ofNp-237 in the unsaturated zone showed a negative correlation (average PRCC
of -0.81) for the Deep CSM only. The 25th quantile of the PDF for the Np-237 Kd is 3.6 L/kg.
However, this value was not selected because it is inconsistent with the known soil type at the
Site, i.e., silty clay. The 3.6 L/kg value is at the low end of the PDF which would apply to sand
versus silty clay. The selected Np-237 Kd was 25 L/kg which is the value reported for loam in
NUREG/CR-6697, Attachment C, Table 3.9-2.
Selecting the value for loam soil type is considered conservative because the site-specific soil
type is silty-clay which contains a greater fraction of clay than a loam soil type. This assumption
is supported by the Kds determined experimentally for Uranium and Technetium. As expected,
both of the site-specific Kds were between the loam and clay values reported in
NUREG/CR-6697, Attachment C, Table 3.9-2. This is consistent with the silty-clay soil type
which should have a higher Kd than loam due to the higher percentage of clay in the soil.
5.3.4.4.3

Kd of Th-232 in the Contaminated Zone

The Kd of Th-232 in the Contaminated Zone showed a positive correlation (average PRCC
of 0.57) for the Uniform CSM only. This is due to the potential leaching of Th-232 from the soil
at very low Kds decreasing the direct exposure dose. The 7 5 th quantile of the PDF for Th-232 Kd
is 67,000 L/kg. However, as discussed above, the site soil type is silty clay and the most
appropriate Kd is that provided in NUREG/CR-6697, Attachment C, Table 3.9-2,
i.e., 3,300 L/kg. Note that the Th-232 dose is not sensitive between 3,300 and 67,000 L/kg.
5.3.4.4.4

Depth of Soil Mixing Layer

The Depth of Soil Mixing Layer showed a negative correlation (average PRCC of -0.87) for the
Surface CSM only. However, the negative correlation occurs only for mixing layers greater than
0.15 m, which is the depth of the Surface CSM. For mixing depths less than 0.15 m, there is no
change in the Surface dose. Therefore, a mixing layer of 0.15 m was selected. This is consistent
with the NUREG/CR-6697 PDF which is a triangular distribution with a most likely value
of 0.15 m.
5.3.4.4.5

Depth of Roots

The Depth of Roots was negatively correlated with dose in the Surface and Root CSMs and
positively correlated in the Deep CSM (average PRCC values of -0.92, -0.94, and 0.89,
respectively). This is because the dose from root uptake is proportional to the fraction of the root
in the Contaminated Zone. As the root exceeds 1.5 m for the Root CSM and 0.15 m for the
Surface CSM, the dose decreases because a smaller fraction of the root length is in the
contaminated zone. For the Deep CSM the condition is opposite. As the root depth exceeds
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1.5 m, a greater fraction of the root is in the Deep layer and the dose increases. Since the
correlation is positive and negative depending on the CSM, the root depth was based on the
following.
First, the U.S. Department of Agriculture 2007 Census of Agriculture was reviewed for crops
planted in Jefferson County, Missouri that are used for human consumption. For example, the
most harvested crop was soybeans which accounted for 53 percent of the crops. The amount of
acres harvested for each crop was weighted by the average root depth provided in
NUREG/CR-6697, Attachment C, Tables 6.1-1 and 6.1-2. The weighted root depths were then
summed to estimate the root depth that corresponds to commercial crops intended for human
consumption. The summed weighted root depth was 0.6 m.
Second, the average root depths provided in NUREG/CR-6697, Attachment C, Table 6.1-1 and
Table 6.1-2 were grouped into categories corresponding to the RESRAD input parameters for
consumption of fruits, vegetables, and grains (FVG) and leafy vegetables (Leafy). The average
root depth of each category was weighted by the FVG and Leafy consumption rates, 112 kg/yr
and 21 kg/yr, respectively. The weighted average root depth was 1.1 m but does not fully
consider regional agricultural crops.
Therefore, the Root Depth parameter was based on the simple average of 0.6 m and 1.1 m which
is 0.9 m. This is considered to be a reasonable value and is consistent with NUREG/CR-6697,
Attachment C, Section 6.1 which states that most plant roots from which nutrients are obtained
usually extend less than 1 m below the surface.
5.3.4.5

Complete RESRAD Input Parameter Set

One set of parameters was applied to the DCGL calculations for all four CSMs, i e., Surface,
Root, Deep and Uniform. This is a considered to be a reasonable and conservative approach
given the fact that parameters that were sensitive in only one CSM were assigned the same
conservative value for all of the CSM DCGL calculations. The full parameter set, including
brief explanations of the basis for the parameter selections, is provided in Table 5-6.
5.3.5

SOIL DCGL CALCULATIONS

An initial unit concentration of 1 picocurie per gram (pCi/g) for each radionuclide of concern
was used in conjunction with the RESRAD input parameters provided in Table 5-6 for the dose
assessments. The peak dose to the average member of the critical group, from each ROC, was
calculated over a 1000-year period and was defined as the peak dose-to-source ratio (DSR). The
DSR, in units of mrem/yr per pCi/g, was then divided into the 25 mrem/yr dose limit to
determine the site-specific DCGL for each ROC. The RESRAD Summary Reports for the four
CSMs (Surface, Root, Deep, and Uniform) are provided in Appendices C through F.
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Table 5-7, Table 5-8, Table 5-9 and Table 5-10 provide the results of the dose assessment (i.e.,
DSR) and DCGL calculations. Each radionuclide-specific DCGL represents the concentration of
residual activity, above background, that would result in 25 mremlyr to the average member of
the critical group. When multiple radionuclides are present, compliance will be addressed using
the unity rule. Note that the concentration of U-235 in soil at the time of license termination will
be lower than the listed DCGLs because of the presence of U-234, and to a lesser extent U-238,
and the required application of the unity rule when demonstrating compliance. Based upon the
lower and upper range of expected Uranium enrichment, the actual concentration of U-235 will
be approximately five percent of the DCGL values.
5.3.6

ALTERNATE SCENARIO - EXCAVATION

The site soil DCGLs were calculated assuming the in-situ configuration of the residual
contamination at the time of license termination. However, it is possible that the subsurface soil
could be excavated at some time in the future. Therefore, an excavation scenario was evaluated
to ensure that the DCGLs would also be acceptable if the soil is excavated and brought to the
surface.
NUREG-1757, Appendix J provides guidance on an excavation scenario for buried waste.
Although buried waste will not be present at the time of license termination, residual subsurface
contamination would be an analogous source term configuration. Therefore, the Appendix J
scenario was used. The excavation scenario assumed that a 200 m 2 house is constructed that
includes a 3 m deep basement. The resulting 600 m2 volume of soil is uniformly mixed during
excavation and spread over a 700 m2 area on the ground surface at a depth of 0.9 m.
The soil concentration in the excavated soil that would result in 25 mrem/yr to the Resident
Farmer was determined using the RESRAD DCGL parameter set for the Surface CSM
(Table 5-6) with three changes; the depth of contamination was set to 0.9, the contaminated area
was set to 700 in 2, and the unsaturated zone was set to 8.2 m (for consistency with site-specific
conditions). As with the DCGL calculation, the input concentration was 1 pCi/g for each ROC.
The resulting excavation DSR was divided into 25 to calculate the concentration that would
result in 25 mrem/yr to the Resident Farmer. The RESRAD Summary Report for the excavation
scenario is provided in Appendix G. Table 5-11 provides the ROCs, the DSRs, and the soil
concentrations resulting in 25 mrem/yr for the excavation scenario.
The Surface, Root and Uniform DCGLs do not require cross-check with the excavation scenario
because they were calculated assuming essentially the same configuration as that assumed for the
excavation scenario. However, the Deep DCGLs do require checking because no contact with
the surface was assumed in the Deep CSM.
The Deep DCGLs were checked by assuming the presence of deep soil only with a 1.5 m clean
soil cover. Soil was assumed to be excavated down to 3 m and uniformly mixed. The
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concentrations of the hypothetical excavated Deep soil are provided in Table 5-11, Column 4
which clearly exceed the 25 mrem/yr concentrations listed in Column 3. The one exception is
Np-237, where the Deep DCGL is limiting. The conclusion from review of Table 5-11 is that a
hypothetical future excavation could result in a dose greater than 25 mrem/yr to the Resident
Farmer. Therefore, the alternate, i.e., lower concentrations will be used as the DCGL values for
Deep soil (i.e., greater than 1.5 m) to account for possible future excavation. As stated above,
Np-237 is an exception and the Deep DCGL listed in Table 5-9 will be used for Np-237. The
alternate DCGLs were calculated by simply multiplying the concentration in Table 5-11,
Column 3 by a factor of two to account for the mixing with the assumed 1.5 m clean cover soil
during excavation. The alternate DCGLs (hereafter called Excavation DCGLs) for Deep soil are
provided in Table 5-12.
From a technical perspective, the Deep DCGLs provided in Table 5-9 would be applicable to
residual radioactivity in soil below 3 m because the hypothetical excavation does not exceed 3 m.
However, a review of Table 5-9 shows that the Deep DCGLs are relatively high. The
remediation of soil to lower concentrations would likely be cost effective and therefore, as an
ALARA measure, the Excavation DCGLs will be applied to soil at all depths below 1.5 m.
However, Westinghouse reserves the option to apply the Deep DCGLs if continued excavation
would introduce undue hazards to personnel or to members of the general public, or would result
in costs that are not justified based on the ALARA principle. If the application of the Deep
DCGLs is required, the residual concentrations will be less than those listed in Table 5-9 but may
exceed the Excavation DCGLs.
5.3.7

AREA FACTORS

Area factors were developed in accordance with the Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM) (Reference 5-9) to evaluate the dose from small areas of
elevated activity. The application of the AFs during FSS is discussed in Chapter 14.
The areas factors were developed for each of the four CSMs by adjusting the size of the
Contaminated Zone. The resulting DCGL for the smaller areas of activity (DCGLEMC) was then
divided by the applicable site DCGL to determine the corresponding AF. Area Factors were
determined for contaminated zone sizes of 1, 3, 10, 30, 100, 300, 1,000, 3,000 and 10,000 m2
The AFs are provided in Table 5-13.
The method described above for calculating area factors is not directly applicable to the
Excavation DCGLs for soil greater than 1.5 m deep. However, the excavation scenario does
include an assumption of a 200 m2 basement footprint. Therefore, the AFs for soil at depths
greater than 1.5 m are defined as the range of values that satisfy the requirement that the areaweighted average concentration over a 200 m2 does not exceed the Excavation DCGL. The only
limitation would be that the radionuclide concentration identified in an individual sample could
not exceed the Deep DCGL listed in Table 5-9. However, since the Deep DCGLs are relatively
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high, as an administrative ALARA measure, the AF for the Excavation DCGLs will be limited to
an arbitrary factor of two to allow reasonable flexibility in implementation.
5.3.8

GROUND WATER DOSE TO SOURCE RATIO

Very low, insignificant, concentrations of Tc-99 are potentially present in site groundwater
(Reference 5-2). In addition, post-remediation groundwater monitoring is planned to ensure that
no contamination has occurred as a result of decommissioning activities. To determine the
significance of the potential existing groundwater and to evaluate the dose consequences of any
groundwater contamination identified by future monitoring, a separate assessment was
performed to determine DSRs for potential ground water contamination.
The assessment was performed by modifying the Deep CSM RESRAD parameter set to calculate
a DSR for each ROC for all water dependent pathways (DSRGw). The parameters were modified
as follows:
0

Pathways turned off: External Gamma, Inhalation, & Soil Ingestion;

*

Number of unsaturated zones: 0;

*

Time since material placement: 1 year;

*

Initial soil concentration for all radionuclides: 1 pCi/g;

*

Saturated Zone Kd for all radionuclides: 0;

*

Calculation times: 1 year only; and

*

Model for Water Transport: Mass-Balance.

The RESRAD model was run and the TEDE in mrem/yr from the RESRAD Summary Report
was divided by the well water concentration (in pCi/L) from the RESRAD Concentration Report
for each radionuclide for water dependent pathways only to calculate the DSR in mrem/yr per
pCi/L. The RESRAD Summary Report and the RESRAD Concentration Report are provided in
Appendix H. The DSRGw for each ROC is provided in Table 5-14.
Groundwater dose will be calculated by multiplying the groundwater concentration identified, if
any, for a given ROC by the corresponding DSRGW listed in Table 5-14.
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5.4

BUILDING DCGL DEVELOPMENT

The RESRAD-BUILD, Version 3.4 computer code was used to calculate the site-specific
DCGLs for residual radioactivity on building surfaces. The selection of input parameters for the
model required the identification of the critical group, the identification of potential exposure
pathways and the development of a CSM.
5.4.1

CRITICAL GROUP AND EXPOSURE PATHWAY

The Industrial Worker was identified as the critical group for site buildings. There are three
potential exposure pathways for the Industrial Worker:

5.4.2

0

direct exposure from residual surface contamination;

0

inhalation of airborne contamination; and

0

ingestion of removable surface contamination.

CONCEPTUAL SITE MODEL

The current plan calls for three buildings to remain after license termination, i.e., Building 110,
Building 230 and Building 231. There is also the possibility that other structures such as the Fire
Pump House and Sanitary Wastewater Treatment Plant may remain. The buildings contain
rooms of various sizes and heights. Two room sizes were considered for the DCGL calculations
representing a small office and an open warehouse. The smaller of the two warehouse buildings
expected to remain after license termination was selected as the basis for the open warehouse
since that configuration resulted in a slightly more conservative estimate of the potential dose.
The room sizes were based on the facility drawings and are provided in Table 5-15.
The CSM assumed an industrial work setting in which an individual works in the buildings over
the course of the year. Daily activities would include light commercial work and occupancy
without deliberately disturbing the residual surface contamination.
5.4.3
5.4.3.1

RESRAD-BUILD INPUT PARAMETERS
Parameter Selection Protocol

The RESRAD-BUILD code was run using deterministic parameters. The parameters were
selected by first categorizing the parameters as behavioral, metabolic, or physical in accordance
with the recommendations in NUREG-1757 and NUREG/CR-6697.
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Consistent with the guidance in NUREG-1757, Section 1.6.4.2, the behavioral and metabolic
parameters were assigned the mean of the PDF recommended in NUREG-5512, Volume 3. The
behavioral and metabolic parameters include the following:
Indoor Fraction;
*

Breathing Rate;
Ingestion Rate; and

*

Direct Ingestion.

With the exception of room size, it is not practicable to determine site-specific physical
parameters for the RESRAD-BUILD model. The source direction, location, and geometry as
well as the receptor location are all standard values as listed in Table 5-16. The remaining
physical parameters requiring consideration are listed below:
•

Air Fraction;

0

Removable Fraction;

0

Deposition velocity;

*

Re-suspension rate;

0

Building exchange rate; and

0

Source Lifetime.

A value of 0.07 was selected for the Air Fraction based on NUREG/CR-6697 which states that
0.07 is the bounding value for contaminated non-combustible solids. A standard Removable
Fraction of 0.1 was selected which is the value recommended in NUREG/CR-5512 and is also
the value used by NRC staff in the screening evaluations provided in NUREG- 1720
(Reference 5-10). The remaining four physical parameters were selected based on the results of
a sensitivity analysis.
The sensitivity analysis was performed using the Uncertainty Analysis module in the RESRADBUILD code. The default PDFs provided in the RESRAD-BUILD code were used for the
analysis. The results for the PRCC reported in the Regression and Correlation Output in the
RESRAD-BUILD Probabilistic Output Report were used to determine the parameter
sensitivities. Analyses were performed for both the Small Office and Warehouse CSMs.
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In accordance with NUREG-1757, Section 1.7.5, the activity fractions (or mixture) of the ROCs
were used in the sensitivity analysis. The activity fractions of the ROCs in site buildings are
provided in Chapter 4, Table 4-2, which is reproduced in Table 5-17.
.A parameter with a PRCC value exceeding the absolute value of 0.10 was considered sensitive
and assigned the 2 5 th or 7 5 th quantile of the NUREG/CR-6697 PDF, depending on whether the
dose was negatively or positively correlated. Parameters that were not sensitive were assigned
the median or mean value of the corresponding NUREG/CR-6697 PDFs.
5.4.3.2

RESRAD-BUILD Parameter Sensitivity Analysis

The detailed RESRAD-BUILD output reports for the sensitivity analysis, including the
Regression and Correlation Output are provided in Reference 5-7. The numerical results for the
PRCC (as well as PCC, SRC and SRRC) for the four parameters evaluated for both the Small
Office and Warehouse CSMs are provided in Appendix I. A summary of the PRCC results is
provided in Table 5-18.
A review of Table 5-18 shows that the Building Exchange Rate and Source Lifetime are both
sensitive parameters with a negative correlation to dose. Therefore, the 2 5 th quantile of the
NUREG-6697 PDF's were selected for the DCGL calculations. The selected values were
0.83 hr' and 17,918 days for the Exchange Rate and Source Lifetime, respectively. The
Deposition Velocity and Re-suspension Rate were not sensitive and were assigned the median of
the NUREG-6697 PDF's, i.e., 8.07 x 10-05 r/sec and 5.73 x 10-08 sec- 1, respectively.
5.4.3.3

Complete RESRAD-BUILD Input Parameter Set

One set of parameters was applied to the DCGL calculations for both the Small Office and
Warehouse CSMs. The full parameter set, including explanations for the basis for the parameter
selections, is provided in Table 5-16.
5.4.4

BUILDING DCGL CALCULATIONS

2
An initial unit concentration of 100 disintegrations per minute per square meter (dp/mm
) or
2
1 disintegration per minute per 100 square centimeters (dpm/l100 cm ) for each ROC was used in
conjunction with the RESRAD-BUILD input parameters provided in Table 5-16 for the dose
assessments. The peak dose over the 30 year evaluation period was calculated and defined as the
DSR. The DSR (in units of mrem/yr per dpm/100 cm 2) for each ROC was then divided into
25 mrem/yr to determine the site-specific DCGL for each radionuclide. The RESRAD-BUILD
Summary Reports for the various CSMs are provided in Appendices J and K.
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The Building DCGLs for the Small Office and Warehouse are provided in Table 5-19. All
ROCs produced a maximum dose at year zero. The Small Office CSM resulted in the most
limiting DCGLs. Considering the very low levels of residual surface contamination present in
the buildings and the limited effort that should be required to reduce surface contamination to
acceptable levels, the DCGLs based on the Small Office CSM will be used for all building
surfaces regardless of room size.
5.4.5

AREA FACTORS

Area factors were developed in accordance with MARSSIM (Reference 5-9) to evaluate the dose
from small areas of elevated activity. Because the dose decreases with decreasing source area,
the DCGL applicable to small areas (DCGLEMC) is a higher value than the CSM DCGL. The
application of the AFs and the DCGLEMC during FSS is discussed in Chapter 14.
The AFs were developed for the Small Office by adjusting the area of the floor only and
calculating a DCGLEMC for each area. The wall and ceiling sources were set to zero. The
DCGLEMC for each area was then divided by the applicable Building DCGL to determine the AF
for a given radionuclide. Area Factors were calculated for surface areas ranging from 1 m2 to a
maximum of 6.5 m2 , which is the assumed floor size of the office, and are provided in Table 520.
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5.5

BURIED PIPING

In addition to the soil and building surfaces, a limited amount of buried piping may remain at the
time of license termination. Table 5-21 provides a list of the buried piping expected to remain,
but this may change as the project proceeds. The geometry of the contamination in the buried
pipe differs from the soil or building source terms. Therefore, a separate CSM was developed
for the dose assessment and DCGL calculations for buried pipe (DCGLBP).
5.5.1

CONCEPTUAL SITE MODEL

The contamination is present on the internal surfaces of the buried pipe. The dose scenario
assumes that the pipe would eventually fail and be replaced by a volume of soil equivalent to the
pipe internal volume. The contamination on the pipe surfaces is assumed to uniformly mix with
the volume of soil. The soil is then available to expose the Resident Farmer through all of the
pathways applicable the soil CSMs. The allowable concentration of residual contamination in
the soil replacing the failed pipe is limited to the Root DCGL because the pipes are generally
located between 0.15 m to 1.5 m below grade.
5.5.2

BURIED PIPE DCGL CALCULATIONS

The DCGLBP was developed by first calculating the total activity per unit length of pipe in
picoCuries for each ROC by multiplying the Root DCGL by the cross-sectional area of the pipe
assuming a. soil density of 1.69 g/cm3 using the following formula:

Activity, =DCGLi'**r r2 *1.69 g/cm 3

(5-1)

where:
Activity1
r

=

Activity per unit length, (pCi/cm)
pipe radius (cm)

The activity per length was then converted to activity per area in units of dpm per 100 cm2 using
the equation below and assuming that all of the activity was located on the internal surface of the
buried pipe and using the following equation:

ActivityA-

Activity, * 2.22 *100

A i*2*r
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where:
ActivityA
2.22

=

Activity per Surface Area (dpm/ 100 cm2)
Unit Conversion (dpm/pCi)

Finally, the gross activity DCGLBPS were then calculated using the activity fractions in
Table 5-17 and Equation 14-2 from Chapter 14.
The buried pipe DCGLs are a function of the pipe diameter. The internal surface area increases
as a square of the radius while the interior volume increases as a cube of the radius. Therefore,
the DCGLBP increases as the pipe diameter increases. Table 5-22 provides the results of
DCGLBP calculations for pipes with diameters ranging from 2 inches to 48 inches.
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Table 5-1

Page 1 of 1

RESRAD Metabolic And Behavioral Parameters

Parameter

Value

Units

Classification

Inhalation rate

8,400

m 3/yr

Metabolic

Fraction
of time
spentindor
spent indoors

0.66

unit-less

Behavioral

Fraction
spen outdof time(e
spent outdoors (on-site)

0.12

unitless

Behavioral

kg/yr

Behavioral

Fruit, Vegetable,
and
GanCnupin112
Grain Consumption
Leafy vegetable
consumption

21

kg/yr

Behavioral

Milk consumption

233

L/yr

Behavioral

Meat and poultry
consumption

65

kg/yr

Behavioral

Fish consumption

21

kg/yr

Behavioral

Soil ingestion rate

18.2

g/yr

Behavioral

Drinking water intake

460

L/yr

Behavioral
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Table 5-2

Page 1 of 2

Physical Parameters Assigned RESRAD Default Values

Parameter

Value

Units

Priority

Circular

Unitless

3

Wet weight crop yield for non-leafy vegetables

1.75

kg/m2

3

Wet weight crop yield for leafy

1.5

kg/m2

3

Wet weight crop yield for fodder

1.1

kg/m 2

3

Translocation factor for non-leafy

0.1

unitless

3

Translocation factor for leafy

1

unitless

3

Translocation factor for fodder

1

unitless

3

Wet foliar interception fraction for non-leafy vegetables

0.25

unitless

3

Wet foliar interception fraction for fodder

0.25

unitless

3

Dry foliar interception fraction for non-leafy vegetables

0.25

unitless

3

Dry foliar interception fraction for leafy vegetables

0.25

unitless

3

Shape of the contaminated zone: Circular; Non-Circular
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Table 5-2 (continued)

Page 2 of 2

Physical Parameters Assigned RESRAD Default Values

Parameter

Value

Units

Priority

0.25

unitless

3

Storage time: fruits, non-leafy vegetables, and grain

14

D

3

Storage time: leafy vegetables

1

D

3

Storage time: milk

1

D

3

20

D

3

Storage time: fish

7

D

3

Storage time: crustaceans and mollusks

7

D

3

Storage time: well water

1

D

3

Storage time: surface water

1

D

3

45

D

3

Dry foliar interception fraction for fodder

Storage time: meat and poultry

Storage time: livestock fodder
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Table 5-3

Page 1 of 4

Site Specific Physical Parameters

Parameter

Value

Units

.175
Uranium Kd

175
35
1,200

Plutonium

Kd

1,200

550
Technetium

Kd

106
106
0.1

Thorium Kd

3,300
3,300
3,200
25

Neptunium Kd

25
5

Americium Kd

cm 3/g
(CS)
(US)
(SS)

8,400
8,400
1,900

Actinium Kd

1,500
1,500
450

Protactinium Kd

1,800
1,800
550
550

Lead Id

550
270
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Table 5-3 (continued)

Page 2 of 4

Site Specific Physical Parameters

Parameter
Radium Kd

Value

Units

9,100
9,100
500

CS Area

153,375

m2

1,292
0.15 (Surface)
CS Thickness

1.35 (Root Stratum)

m

5.2 (Deep)
6.7 (Uniform)
Length parallel to aquifer

291
41

m

0
Cover depth

0.15

m

1.5
1.69

g/cm3

Density of Contaminated Zone

0.0006
1.69

m/yr
g/cm 3

CS Erosion Rate

0.0006

m/yr

CS total porosity

0.45

unitless

CS field capacity

0.17

unitless

CS hydraulic conductivity

14.56

m/yr

CS b parameter

9.9

M2

Evapotranspiration coefficient

0.8

unitless

Average annual wind speed

4.3

rn/sec

Precipitation

1.01

m/yr

Irrigation

0.14

rn/yr

Density of cover material
Cover erosion rate
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Table 5-3 (continued)

Page 3 of 4

Site Specific Physical Parameters

Parameter
Irrigation mode
Runoff coefficient

Value

Units

Overhead

unitless

0.4

unitless

Watershed area for
nearby stream or pond

998,939

m2

Saturated zone density

1.51

g/cm3

Saturated zone total porosity

0.43

unitless

Saturated zone effective porosity

0.38

unitless

Saturated -zone field capacity

0.15

unitless

Saturated zone
hydraulic conductivity

2,520

rn/yr

Saturated zone hydraulic gradient

0.011

unitless

Saturated zone b parameter

0.97

unitless

Well pump intake depth

2.5

M

(m below water table)

8.95
Unsaturated zone thickness

7.6
2.4

M

Unsaturated zone density

2.4
1.69

g/cm 3

Unsaturated zone total porosity

0.45

unitless

Unsaturated zone effective porosity

0.29

unitless

Unsaturated zone field capacity

0.17

unitless

Unsaturated zone hydraulic

14.56

rn/yr

9.9

unitless

conductivity

Unsaturated zone b parameter
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Table 5-3 (continued)

Page 4 of 4

Site Specific Physical Parameters

Parameter

Value

Units

Indoor Dust Filtration Factor

0.55

unitless

External gamma shielding factor

0.2

unitless

Livestock fodder intake for meat

12

kg/d

Livestock fodder intake for milk

9

kg/d

Livestock water intake for meat

37

L/d

Livestock water intake for milk

105

L/d

Livestock soil intake

0.45

kg/d

Growing season for non-leafy

0.26

yr

Growing season for leafy

0.17

yr

Growing season for fodder

0.21

yr
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Table 5-4

Page 1 of 1

Soil Concentrations Used For RESRAD Parameter Sensitivity Analysis

Average Concentration (pCi/g)
Radionuclide
Surface

Root

Deep

Uniform

Am-241

-1.95 E-04

8.83 E-03

1.60 E-03

5.06 E-03

Np-237

9.02 E-03

2.30 E-02

8.06 E-02

2.03 E-02

Pu-239/ Pu-240

6.33 E-04

8.55 E-04

2.80 E-03

1.63 E-03

Ra-226

-1.38 E-01

1.88 E-02

4.88 E+00

4.55 E-01

Tc-99

6.22 E+00

7.77 E+00

7.47 E-01

2.54 E+01

Th-232

-2.09 E-01

-2.56 E-02

1.84 E-01

6.25 E+00

U-234

3.88 E+01

2.49 E+01

8.47 E+01

5.01E+02

U-235

1.658 E+00

2.84 E+00

6.54 E+00

5.67 E+00

U-238

9.89 E+00

4.13 E+00

4.30 E+01

1.44 E+01
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Table 5-5

Page 1 of 1

Summary Of RESRAD Parameter Sensitivity Analyses
Sensitivity Of Probabilistic Variable By Conceptual Site Model
Parameter

Surface
Site
RIA

Site

RIA

Site

RIA

Uniform
Site
RIA

NS

NA

NS

NA

-0.47

NA

NS

NA

of Np-237 in Unsaturated Zone 1

NS

NA

NS

NA

-0.71

NA

NS

NA

Kd of Th-232 in Contaminated Zone

NA

NA

NA

NA

NS

NA

0.63

NA

Plant transfer factor for Pb

NS

0.72

NS

0.81

NS

0.54

NS

0.85

Plant transfer factor for Ra

NS

0.86

NS

0.91

NS

0.76

0.96

0.93

Plant transfer factor for Tc

0.82

NA

0.98

NA

NS

NA

0.84

NA

Plant transfer factor for U

0.69

NA

0.87

NA

0.82

NA

0.93

NA

Meat transfer factor for U

0.65

NA

0.44

NA

NS

NA

0.36

NA

Milk transfer factor for Ac

NS

NA

NS

NA

-0.35

NA

NS

NA

Milk transfer factor for Pb

NS

NS

NS

NS

NS

NS

0.39

NA

Milk transfer factor for U

0.77

NA

0.59

NA

NS

NA

NS

NA

Depth of soil mixing layer

-0.86

-0.33

NS

NS

NS

NS

NS

NS

Depth of roots

-0.88

-0.88

-0.94

-0.80

0.86

0.83

NS

NS

Kd of Ac-227 in Saturated Zone
Kd

Root

Deep

Site = Site Impacted Area (153,375 mi2 )
RIA = Radium Impacted Area (1,292 m2)
NA = Not Applicable
NS = Not Sensitive
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Table 5-7

Page 1 of 1

Soil DSRs And DCGLs - Surface

a

DSR

1

Year of
Dose

DCGL

Radionuclide

(mremlyr per pCi/g)

U-234

4.583E-02

0

545.5

U-235 + D

2.277E-01

0

109.8

U-238 + D

7.830E-02

0

319.3

Tc-99

1.544E-01

0

161.9

Th-232 + C

4.862E+00

0

5.1

Ra-226 + C

4.161E+00

0

6.0

Np-237 + D

1.445E+00

0

17.3

Pu-239/240

1.044E-01

0

239.5

Am-241

1.133E-01

0

220.7

Maximum

a

(pCi/g)

The reported DCGLs are the activities for the parent radionuclide as specified.
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Table 5-8

Page 1 of 1

Soil DSRs And DCGLs - Root

a

Radionuclide

DSR
(mrem/yr per pCi/g)

Year of
Maximum Dose

DCGL a
(pCi/g)

U-234

9.805E-02

249.9

255.0

U-235 + D

2.759E-01

250.1

90.6

U-238 + D

1.259E-01

249.9

198.6

Tc-99

7.964E-01

249.1

31.4

Th-232 + C

1.156E+01

250.3

2.2

Ra-226 + C

1.153E+01

248.2

2.2

Np-237 + D

4.993E+00

0

5.0

Pu-239/240

2.948E-01

249.9

84.8

Am-241

2.110E-01

249.7

118.5

The reported DCGLs are the activities for the parent radionuclide as specified.
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Table 5-9

Page 1 of 1

Soil DSRs And DCGLs - Deep

a

(mrem/yrDSR
per pCi/g).

Year of
Maximum Dose

DCGL a
(pCi/g)

U-234

2.555E-05

1,000

978,500

U-235 + D

2.954E-05

1,000

846,300

U-238 + D

1.939E-05

1,000

336,100

Tc-99

2.459E-04

1,000

101,700

Th-232 + C

2.450E-03

1,000

10,204

Ra-226 + C

2.078E-03

1,000

12,030

Np-237 + D

7.793E+01

516

0.3

Pu-239/240

7.072E-05

1,000

353,500

Am-241

7.556E-03

1,000

3,309

The reported DCGLs are the activities for the parent radionuclide as specified.
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Table 5-10

Page 1 of t

Soil DSRs And DCGLs - Uniform

DSR
(mrem/Jyr per pCi/g)

Year of
Maximum Dose

DCGL a
(pCi/g)

U-234

1.208E-01

1,000

206.9

U-235 + D

3.214E-01

1,000

77.8

U-238 + D

1.381E-01

0

181.0

Tc-99

9.296E-01

0

26.9

Th-232 + C

1.162E+01

0.1935

2.2

Ra-226 + C

1.282E+01

0

2.0

Np-237 + D

8.304E+01

516

0.3

Pu-239/240

3.010E-01

0

83.1

Am-241

3.151E-01

0

79.3

a The reported DCGLs are the activities for the parent radionuclide as specified.
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Table 5-11
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Alternate Excavation Scenario Concentration Corresponding To 25 mrem/yr
Compared To Deep DCGLs

Radionuclide

(mrem/yr per pCi/g)

DSR

Concentration
Corresponding to
25 mrem/yr
(pCi/g)

Excavated
Deep Soil
DCGL
(pCi/g)

U-234

5.344E-02

467.8

489,250

U-235 + D

2.240E-01

111.6

423,150

U-238 + D

8.459E-02

295.5

168,050

Tc-99

6.306E-01

39.6

50,850

Th-232 + C

8.827E+00

2.8

5,102

Ra-226 + C

9.690E+00

2.6

6,015

Np-237 + D

4.430E+00

5.6

0.15

Pu-239/240

2.028E-01

123.3

176,750

Am-241

2.181E-01

114.6

1,654
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Table 5-12

Page 1 of 1

Alternate Excavation Scenario DCGLs
Radionuclide

DCGLa
(Pci/g)

a

U-234

935.6

U-235 + D

223.2

U-238 + D

591

Tc-99

79.2

Th-232 + C

5.6

Ra-226 + C

5.2

Np-237 + D

N/A

Pu-239/ Pu-240

246.6

Am-241

229.2

The reported DCGLs are the activities for the parent radionuclide as specified.
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Table 5-14

Page 1 of 1

Groundwater DSRs
Radionuclide

Well Water Concentration
(pCi/L)

TEDE (mrem/yr) a
For Water-Dependent Pathways

DSRGW
(mrem/yr per pCi/L)

U-234

5.707 E+00

8.744 E-01

0.1532

U-235 + D

5.707 E+00

8.261 E-01

0.1448

U-238 + D

5.707 E+00

8.302 E-01

0.1455

Tc-99

9.415 E+00

8.826 E-03

9.374 E-04

Th-232 + C

3.030 E-01

1.007E+00

3.323

Ra-226 + C

6.346 E-03

4.786E-01

75.42

Np-237 + D

3.966 E+01

1.118 E+02

2.819

Pu-239/240

8.332 E-01

1.744 E+00

2.093

Am-241

1.190 E-01

3.098 E-01

2.603

a At t = 0 years
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Table 5-15
Building Geometries

Approximate Dimensions (Meters)
Building Number
Length

a

Width

Small Office
(Based on Bldg 110)

9

Large Warehouse
(Based on Bldg 231)

99

Height

24

The Building 110 dimensions were not used in the CSM modeling. Rather than using the full
Building 110 dimensions, the approximate dimensions for a Standard office were used instead
to provide a more confined work environment.
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Table 5-17
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Radionuclide Activity Fractions For RESRAD-BUILD Sensitivity Analysis

Radioisotope

Activity Fraction

Am-241

2.68 E-03

Np-237

5.57 E-05

Pu-239 / Pu-240

2.03 E-06

Tc-99

2.83 E-03

Th-232

3.21 E-03

U-234

8.27 E-01

U-235

3.72 E-02

U-238

1.27 E-01
Total = 1.0
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Table 5-18

Page 1 of 1

,Summary Of RESRAD-BUILD Parameter Sensitivity Analysis

Parameter

Sensitivity By Conceptual Site Model
Small Office

Large Warehouse

Building Exchange Rate

-0.96

-0.96

Release time of 1

-0.55

-0.69

Release time of 2

-0.52

-0.66

Release time of 3

-0.44

-0.35

Release time of 4

-0.43

NS

Release time of 5

-0.53

-0.40

Release time of 6

-0.45

-0.31

NS

= Not Sensitive
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Table 5-19
Building DCGLs - Small Office And Large Warehouse

Radionuclide

DSR
(mR/yr per dpm/100

cm2)

Year of
Maximum Dose

DCGL a
(dpm/100 cm 2)

Small Office
U-234

1.23 E-03

0

20,000

U-235 + D

1.27 E-03

0

19,000

U-238 + D

1.14 E-03

0

21,000

Tc-99

1.81 E-06

0

13,000,000

Th-232 + C

2.08 E-02

0

1,200

Np-237 + D

9.00 E-03

0

2,700

Pu-239/ Pu-240

7.04 E-03

0

3,500

Am-241

7.28 E-03

0

3,400

Large Warehouse
U-234

5.05 E-04

0

49,000

U-235 + D

6.60 E-04

0

37,000

U-238 + D

5.04 E-04

0

49,000

Tc-99

1.80 E-06

0

13,000,000

Th-232 + C

1.09 E-02

0

2,200

Np-237 + D

6.12 E-03

0

4,000

Pu-239/ Pu-240

4.68 E-03

0

5,300

Am-241

4.86 E-03

0

5,100
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Table 5-20
Area Factors For Building Surfaces (Small Office)

Elevated Measurement Area (mz)

Radionuclider
6.5

4

1

U-234

1.0

1.6

6.5

U-235 + D

1.0

1.6

6.1

U-238 + D

1.0

1.6

6.4

Tc-99

1.0

1.6

6.4

Th-232 + C

1.0

1.6

6.1

Np-237 + D

1.0

1.6

6.4

Pu-239/ Pu-240

1.0

1.6

6.5

Am-241

1.0

1.6

6.5

+ D = plus short-lived decay products.
+ C = plus the entire decay chain (progeny) in secular equilibrium.
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Table 5-21
Buried Piping Expected To Remain At License Termination
Underground Piping System

Underground Piping System Size
Length (feet)

Diameter (inches)

Building 110 SE

172

12

Building 110 NW and West

209

15

Building 230 SE

237

18

Building 230 South

235

18

Building 230 North Comer

26

30

Building 230 NW

249

36

Building 230 - 101 Leg

71

15

Building 240 North Comer

22

18

Building 240 NW

140

24

Discharge Leg

118

42

Building 110 - Sanitary

54

4

Building 230 North - Sanitary

106

6

Building 230 SE

737

8

Building 240 NW - Gray

297

8

Building 240 NW - 2

291

8

Building 240 South - Gray

207

8

Building 240 South - Sanitary

301

8

Storm Drain

Sanitary / Grey Drains
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Table 5-22
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Buried Piping DCGLs (dpm/100 cm 2)
Buried
Pipe
Diameter
(inches)

Volume

Surface

U-234

Icm2

Gross
Gross.Acivt

Activity (dpm/100cm2)

___.

cmcm.-

U-235.
+D

U-238.
+D

T-99
Tc-

Activity

Th-232
+C

Np-237
+D

Pu239/240

Am-241

DCGL

2

1.01E+05

7.98E+04

1.22E+05

4.32E+04

9.46E+04

1.50E+04

1.05E+03

2.38E+03

4.04E+04

5.65E+04

81,086

4

4.05E+05

1.60E+05

2.43E+05

8.63E+04

1.89E+05

2.99E+04

2.1OE+03

4.76E+03

8.08E+04

1.13E+05

162,172

6

9.12E+05

2.39E+05

3.65E+05

1.30E+05

2.84E+05

4.49E+04

3.14E+03

7.15E+03

1.21E+05

1.69E+05

243,258

8

1.62E+06

3.19E+05

4.86E+05

1.73E+05

3.79E+05

5.98E+04

4.19E+03

9.53E+03

1.62E+05

2.26E+05

324,344

10

2.53E+06

3.99E+05

6.08E+05

2.16E+05

4.73E+05

7.48E+04

5.24E+03

1.19E+04

2.02E+05

2.82E+05

405,430

12

3.65E+06

4.79E+05

7.29E+05

2.59E+05

5.68E+05

8.98E+04

6.29E+03

1.43E+04

2.42E+05

3.39E+05

486,516

14

4.97E+06

5.59E+05

8.51E+05

3.02E+05

6.62E+05

1.05E+05

7.34E+03

1.67E+04

2.83E+05

3.95E+05

567,602

16

6.49E+06

6.38E+05

9.72E+05

3.45E+05

7.57E+05

1.20E+05

8.39E+03

1.91E+04

3.23E+05

4.52E+05

648,689

18

8.21E+06

7.18E+05

1.09E+06

3.89E+05

8.52E+05

1.35E+05

9.43E+03

2.14E+04

3.64E+05

5.08E+05

729,775

20

1.01E+07

7.98E+05

1.22E+06

4.32E+05

9.46E+05

1.50E+05

1.05E+04

2.38E+04

4.04E+05

5.65E+05

810,861

22

1.23E+07

8.78E+05

1.34E+06

4.75E+05

1.04E+06

1.65E+05

1.15E+04

2.62E+04

4.44E+05

6.21E+05

891,947

24

1.46E+07

9.58E+05

1.46E+06

5.18E+05

1.14E+06

1.80E+05

1.26E+04

2.86E+04

4.85E+05

6.78E+05

973,033

26

1.71E+07

1.04E+06

1.58E+06

5.61E+05

1.23E+06

1.94E+05

1.36E+04

3.1OE+04

5.25E+05

7.34E+05

1,054,119

28

1.99E+07

1.12E+06

1.70E+06

6.04E+05

1.32E+06

2.09E+05

1.47E+04

3.34E+04

5.66E+05

7.90E+05

1,135,205

30

2.28E+07

1.20E+06

1.82E+06

6.48E+05

1.42E+06

2.24E+05

1.57E+04

3.57E+04

6.06E+05

8.47E+05

1,216,291

32

2.59E+07

1.28E+06

1.94E+06

6.91E+05

1.51E+06

2.39E+05

1.68E+04

3.81E+04

6.46E+05

9.03E+05

1,297,377

34

2.93E+07

1.36E+06

2.07E+06

7.34E+05

1.61E+06

2.54E+05

1.78E+04

4.05E+04

6.87E+05

9.60E+05

1,378,463

36

3.28E+07

1.44E+06

2.19E+06

7.77E+05

1.70E+06

2.69E+05

1.89E+04

4.29E+04

7.27E+05

1.02E+06

1,459,549
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Table 5-22 (continued)
2
Buried Piping DCGLs (dpm/100 cm )

Buried
Pipe
Diameter

Activity (dpm/100cm2)

Surface
Volume
Cm

(inhes)

Surface
Area

U-235

U-238

cm

U-234

+D

+D

Th-232 '

Np-237

Tc-99+D

Pu239/240

Am-241

Gross
Activity
DCGL

38

3.66E+07

1.52E+06

2.31E+06

8.20E+05

1.80E+06

2.84E+05

1.99E+04

4.53E+04

7.68E+05

1.07E+06

1,540,635

40

4.05E+07

1.60E+06

2.43E+06

8.63E+05

1.89E+06

2.99E+05

2.10E+04

4.76E+04

8.08E+05

1.13E+06

1,621,721

48

5.84E+07

1.92E+06

2.92E+06

1.04E+06

2.27E+06

3.59E+05

2.52E+04

5.72E+04

9.70E+05

1.36E+06

1,946,066

a

"+

D" = plus short-lived decay products.

b

"+

C" = plus the entire decay chain (progeny) in secular equilibrium.
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