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I. INTRODUCTION 
 
In 1981, AAR Manufacturing, Inc., purchased the property of the former Brooks and Perkins 
site.  Brooks and Perkins operated between the years of 1957-1981 and produced products 
from thorium alloy including ingots containing approximately 2% thorium.  Brooks and Perkins 
was authorized under an AEC license to possess and use 6,804 kg (15,000 pounds) of thorium, 
as contained in 40% thorium master alloy and thorium magnesium alloy containing not more 
than 3% thorium. 
 
The Brooks and Perkins license was terminated in 1971.  The AAR site was brought to the 
attention of the NRC in 1994, through the Oak Ridge National Laboratory (ORNL) terminated 
license review project.  After ORNL review of the terminated license file, Region III conducted 
an inspection on February 23, 1994, to review the former licensee's activities and to determine if 
the facilities had been adequately decontaminated prior to terminating the license.  Results from 
several soil samples showed thorium concentrations in excess of NRC release criteria.  In 
August 1994, the AAR site was added to the Site Decommissioning Management Plan (SDMP) 
list because it met the following criteria:  (i) the license was previously terminated, but residual 
contamination exceeds unrestricted release limits; (ii) there are large amounts of contaminated 
soil that may be difficult to decommission; and (iii) the responsible organization may not be 
financially viable. 
 
Site characterization activities were performed by AAR consultant B. Koh & Associates, Inc., in 
1995, 1998, and 2000.  Using data from these site characterizations, dose assessments were 
submitted by AAR to the NRC in 2000 and 2002.  Additionally, Oak Ridge Institute for Science 
and Education (ORISE 2004) conducted additional confirmatory surveys of portions of the AAR 
site at the request of NRC in 2003.   
 
By letter dated April 9, 2004, NRC forwarded the results of its review of the ORISE 
characterization survey and also calculated derived concentration guideline limits (DCGLs) for 
average concentrations in a 100 m2 area.  The DCGLs were used to identify areas of the site to 
be targeted for remediation.  In June 2005, on behalf of AAR, Partners Environmental submitted 
a revised probabilistic dose analysis and proposed remedial action plan based on NRC’s 
evaluation.  AAR proposed to remove soil to a depth of 1 meter in three 100 m2 sampling grids 
with arithmetic average concentrations greater than the NRC’s calculated DCGLs. 
 
NRC staff reviewed AAR’s revised dose assessment and participated in a teleconference with 
representatives of AAR on November 22, 2005, to discuss the results of NRC’s review.  As 
discussed in this report, NRC had several concerns with AAR’s dose assessment including its 
selection of several key parameters including precipitation rate and contaminated plant food 
fraction.  NRC also asked AAR to provide additional justification for external gamma shielding 
factor parameter distribution used in its analysis based on the mix of radionuclides expected to 
contribute to external radiation dose at the site.  Finally, NRC noted that given the time that has
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elapsed since initial operations began in the 1950s, in-growth of Ra-228 was significant and that 
Ra-228 soil concentrations should be calculated (or secular equilibrium assumed) and the 
appropriate soil concentration entered at the beginning of the simulation. 
 
On August 7, 2006, AAR addressed NRC staff’s concerns expressed in the November 2005 
teleconference and submitted a revised dose assessment addressing the NRC staff-identified 
issues.  AAR proposed to remove to a depth of one meter contamination in grids 118 and 210 in 
the eastern parcel of the site (no change to June 2005 proposal) and from grids 249, 73, 100, 
and 219 in the western parcel (AAR agreed to remove soil from three additional grids).  
    
 
II. DESCRIPTION OF PROPOSED ACTION 
 
On August 15, 2006, Partners Environmental, consultant to AAR Corporation, submitted a 
revised radiological dose assessment and proposed remedial plan for thorium contaminated soil 
at the subject site.  AAR is seeking approval of the dose assessment to demonstrate 
compliance with the license termination rule and to initiate proposed soil remediation at the site. 
 
III. FACILITY DESCRIPTION/OPERATING HISTORY 
 
Facility Description 
 
AAR is located in Livonia, Michigan approximately 20 miles northwest of downtown Detroit, MI, 
in Wayne County (see Figure 1).  The AAR site is divided into two parcels, an eastern and 
western parcel (see Figure 2).  The current AAR site consists of a 16,000 m2 (172,000 ft2) 
facility that houses the engineering and administrative offices, a manufacturing area, pickling 
area, materials storage area, and milling area; and a separate 140 m2 (1500 ft2) paint storage 
building (see Figures 2 and 3).  A gravel parking area is also located in the western portion of 
the eastern parcel (see Figure 3).  The site is bordered on the north by light commercial 
developments, on the east by Inkster Road, on the south by the Chessie System Railroad 
tracks, and on the west by Ladbroke Race Track.   
 
The original site consisted of two buildings, an old commercial building and mill.  By 1970, an 
addition had been erected on the northeastern portion of the property that connected to the old 
commercial building.  Prior to the purchase of the property by AAR, another addition connecting 
to the old mill was added over existing contaminated soil.  This soil was remediated in 2000.   
 
Operating History 
 
Former AEC licensee, Brooks and Perkins, manufactured products from master thorium alloys 
beginning in 1957.  Licensed activities1 included rolling, melting, casting, forming, cutting, 
sanding, and welding manufactured products containing the licensed source material.  Metal 
alloy was received and stored in closed drums until just prior to use.  The master alloy was 
heated, melted, and then poured into molds.  The castings were removed from the molds, cut, 
and trimmed after the material had cooled.  The metal scrap was recovered, heated and melted, 
and then rolled into sheets that were further heated and formed, and then pickled in an acid 
bath.  The final product was sanded, ground, and brushed prior to shipping. 
 
                                                 
1 Brooks and Perkins was initially licensed in January 17, 1957 by the AEC (Source Material License No. 
D-547).  This license was superceded on August 10, 1961 (License No. STB-0362). 



 
                         

3

In 1971, Brooks and Perkins requested license termination. A radiological survey was initially 
performed in 1970 by Brooks and Perkins to support license termination.  As a result of the 
survey, Brooks and Perkins agreed to remove and dispose of thorium-bearing wastes at the 
recommendation of their consultant.  Brooks and Perkins informed NRC that they had removed 
and disposed of the wastes as recommended by its consultant in May 1971.  Brooks and 
Perkin’s license was subsequently terminated later that month.  AAR purchased the former 
Brooks and Perkins site in 1981. 
 
The AAR site was investigated as part of the Oak Ridge National Laboratory (ORNL) terminated 
license review project.  In 1994, the US NRC Region III conducted an inspection of building and 
soil residual contamination at the site.  During the inspection, several areas were identified with 
radiation levels above background.  Also, results from several soil samples revealed residual 
concentrations in excess of NRC release criteria in effect at the time.  In August 1994, the site 
was added to the Site Decommissioning Management Plan (SDMP) list. 
 
B. Koh and Associates, Inc., performed characterization surveys in 1996 and 1998, limited 
remediation in 2000, and additional sampling of the remediated area in March 2000.  At the 
request of the NRC, ORISE conducted sampling of portions of the soil contamination in August 
2003.   
 
In November 2002, AAR submitted a dose assessment to demonstrate compliance with the 
license termination rule using source concentrations that represented the geometric mean of 
characterization data collected at the site.  NRC requested additional information February 13, 
2003, to which AAR responded by letter dated April 15, 2003.  In May 2004, NRC and AAR 
participated in a teleconference, at which time, NRC directed AAR to use an arithmetic average 
in lieu of a geometric mean concentration for contaminated soils at the site.  In a letter dated 
April 2004, NRC provided AAR results of its calculation of elevated measurement concentration 
limits for 100 m2 areas based on the most limiting scenario, a resident gardener scenario for 
both the western and eastern parcel.  In a June 2005 submittal, AAR proposed to remove and 
dispose of thorium contaminated soil to a depth of 1 meter from three grids (each grid 
represents a 100 m2 area) including: 118 and 210 in the eastern parcel, and 249 in the western 
parcel (see Figure 2) that each contain average concentrations above the elevated 
measurement concentration limits or DCGLs for 100 m2 areas of the site.  AAR calculated 
arithmetic mean source concentrations consistent with the proposed soil removal remedial 
action and submitted a revised dose assessment using these revised source concentrations. 
 
NRC staff reviewed AAR’s June 2005 submittal and identified a number of issues with its dose 
assessment.  Based on a teleconference between NRC and AAR on November 22, 2005, AAR 
addressed these issues and proposed to remove contaminated soil from the 0-1 meter soil 
interval in three additional survey grid locations in the western parcel in an August 2006 
submittal.  These three additional survey grid locations are 73, 100, and 219.  AAR attempted to 
demonstrate that with removal of contamination in these three additional grids it could meet 
restricted release limits for the western parcel.  AAR also attempted to demonstrate that it could 
meet unrestricted release limits for the eastern parcel.  AAR stated that it was prepared to 
undertake remedial activities upon receipt of NRC’s concurrence with AAR’s conclusions.  This 
report documents NRC’s review of the dose assessment submitted in AAR’s June 2005 
submittal, as well as AAR’s updated dose assessment submitted in August 2006 that addressed 
issues discussed in the November 2005 teleconference between NRC and AAR. 
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IV. SOURCE CONCENTRATIONS 
 
As discussed in Section III, AAR and ORISE performed several characterization activities at the 
site to determine the radiological status of the facility.  Data collected from these 
characterization activities were used to generate source concentrations for use in dose 
assessment analyses.  NRC staff identified several issues with AAR’s source concentration 
calculations including the following: 
 
• Large variation exists between ORISE and AAR characterization data for the same grid 
locations.  NRC staff determined that ORISE data is valuable for targeting areas for remediation 
and that it is more appropriate to use one set of unbiased sampling data (i.e., AAR data) for 
calculation of average concentrations for dose assessment analysis purposes. 
• AAR inappropriately averaged negative soil concentrations in its source concentration 
calculations.  NRC eliminated negative concentrations (e.g., replaced negative concentrations 
with a value of zero) in revising the source concentration estimates. 
• Other data input or averaging errors were noted and corrected in revised source 
concentration estimates. 
 
Based on AAR’s August 2006 proposal and noting the errors listed above, staff of the 
decommissioning directorate provided updated source concentrations (Nelson, 2006) for the 
western and eastern parcels of the site in two soil intervals (i.e., 0-1 meter and 1-2 meter 
depths).  These concentrations were used in an updated dose assessment performed by NRC 
staff, the results of which are presented in Table 4 below.  
 
V. SCENARIOS 
 
The license termination rule provides a dose limit of 0.25 mSv/yr (25 mrem/yr) to the average 
member of the critical group for unrestricted release.  AAR demonstrated compliance with this 
dose criterion using a residential scenario for the eastern parcel.  The license termination rule 
also provides a dose limit of 0.25 mSv/yr (25 mrem/yr) to the average member of the critical 
group for restricted release, assuming institutional controls are effective.  AAR demonstrated 
compliance with this dose criterion using an industrial scenario for the western parcel.  AAR also 
evaluated a residential scenario for the western parcel based on the assumption that 
institutional controls would fail at some point in the future using the higher dose criterion allowed 
in 10 CFR 20.1403(e)(1) of 1 mSv/yr (100 mrem/yr) for the average member of the critical 
group.   
 
In its June 2005 submittal, AAR generally relied on its November 2002 dose assessment for the 
eastern parcel and only modified source concentrations to consider the planned removal of 
contaminated soil from two grid locations (and also used the arithmetic average soil 
concentration).  For the western parcel, AAR made a few modifications to the dose assessment 
including use of site-specific ingestion rates for homegrown produce from the U.S. EPA 
Exposure Factors Handbook (EPA, 1997) and use of separate source concentrations for the   
0-1 meter and 1-2 meter intervals.  In its August 2006 submittal, AAR addressed the NRC staff-
identified issues discussed in the November 2005 teleconference, updated eastern parcel dose 
assessment parameters for consistency with the western parcel dose assessment (for the 
residential scenario), updated source concentrations based on additional proposed soil removal 
in the western parcel, and also used separate source concentrations for the 0-1 and 1-2 meter 
soil intervals for the eastern parcel (in addition to the western parcel).   
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A modified resident scenario was used to demonstrate compliance with the license termination 
rule, in accordance with, 10 CFR Part 20.14022 for unrestricted release of the eastern parcel.  
Pathways for this scenario include the external gamma radiation, inhalation, soil, meat, milk, 
aquatic foods, and plant ingestion.  As drinking water from the shallow groundwater is not 
considered a viable pathway, drinking water ingestion was eliminated from consideration.  
Furthermore, the water-dependent ingestion pathways associated with irrigation of land with 
contaminated groundwater or surface water were also eliminated from consideration. 
 
An industrial scenario was assumed for the western parcel to demonstrate compliance with the 
license termination rule in accordance with 10 CFR Part 20.1403 for restricted release of the 
western parcel.  The pathways evaluated for this scenario include external gamma radiation, 
inhalation and soil ingestion.  This scenario is consistent with the planned usage of the site with 
institutional controls in place.  As required by 10 CFR 20.1403, institutional controls are 
assumed to fail at some point in time in the future, and the residential scenario is used to 
demonstrate compliance with the rule at a dose criterion of 1 mSv/yr (100 mrem/yr) with loss of 
institutional controls.  The residential scenario is more restrictive than the industrial scenario for 
release of the western parcel, as discussed in the results section. 
 
In reviewing AAR’s June 2005 dose assessment, NRC staff identified a number of issues.  The 
most risk-significant issues listed below (e.g., precipitation rate, contaminated plant fraction, and 
default gamma shielding factor) were addressed in ARR’s revised dose assessment submitted 
in August 2006.  NRC staff made the assumptions listed below in estimating the dose 
associated with residual contamination at the AAR site.  Appendix A contains a complete list of 
parameter values used by NRC staff. 
 
Assumptions 
 
• Ra-228 was assumed to be in secular equilibrium with Th-232 at the start of the 
simulation, because thorium has been present on the site for around 50 years and Ra-228 has a 
half-life of 6.7 years, allowing enough time for significant in-growth of Ra-228.  While Ra-228 
would eventually grow-in over time from its parent Th-232 without including a source 
concentration at the start of the simulation, this change impacts the timing and magnitude of the 
peak dose (i.e., the peak mean dose from the Th-232 chain occurs at time=0 years prior to any 
significant erosion).  It is important to note that when Th-230 is evaluated separately, the peak 
dose occurs at time=1000 years.  Therefore, RESRAD simulations using total thorium 
concentrations at the appropriate ratio lead to more realistic (higher) DCGLs than calculating 
DCGLs for Th-232/Th-228 and Th-230 separately and using a sum of fractions approach.  This 
result occurs because the true peak dose is equal to or lower than the sum of the peak doses 
from two separate radionuclide chains, because the peak dose from the two chains may occur 
at different times during the 1000 year compliance period.  In this case, the peak dose occurs at 
the time=0 years for the Th-232 decay chain and at time=1000 years for the Th-230 decay 
chain.  AAR assumed Ra-228 was in secular equilibrium with Th-232 at the start of the 
simulation in its August 2006 submittal. 

                                                 
2 § 20.1402 Radiological criteria for unrestricted use.  A site will be considered acceptable for unrestricted 
use if the residual radioactivity that is distinguishable from background radiation results in a TEDE to an 
average member of the critical group that does not exceed 25 mrem (0.25 mSv) per year, including that 
from groundwater sources of drinking water, and the residual radioactivity has been reduced to levels that 
are as low as reasonably achievable (ALARA). Determination of the levels which are ALARA must take 
into account consideration of any detriments, such as deaths from transportation accidents, expected to 
potentially result from decontamination and waste disposal. 
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• The irrigation rate was set to zero, which effectively eliminates the water-
dependent plant, meat, milk, soil, and aquatic food ingestion pathways.  This approach is 
consistent with the assumption that the groundwater pathway is not a reliable source of water, 
which is supported by documentation provided by AAR (Sherzer, 1913).  
• AAR calculated homegrown produce ingestion rates for vegetables/fruits/grains 
and leafy vegetables, using data provided in US EPA’s Exposure Factors Handbook, for a 
residential (gardener) scenario (US EPA 1997).  These ingestion rates are significantly lower 
than the DandD default values recommended for use by NRC.  Although this change is 
acceptable, AAR did not change the contaminated plant food fraction to “1” in its June 2005 
submittal.  Instead, AAR used the default value of “-1” for this parameter value which effectively 
lowered the already reduced homegrown ingestion rates by one-half.  Because the homegrown 
produce ingestion rates are based on actual consumption rates in the Midwest, no additional 
reduction in the fraction of contaminated plant food for a potential receptor is warranted.  AAR 
also used the RESRAD default milk ingestion rate.  In this assessment, the DandD default milk 
ingestion rate was used, although this change is not expected to have a significant impact on 
the results.  AAR appropriately changed the contaminated plant food fraction parameter value to 
“1” in its August 2006 submittal. 
• A precipitation rate of 0.8 m for the Detroit Metropolitan area was used in the risk 
assessment based on calculations of long-term precipitation rates for the study area (see 
Appendix B).  AAR used 1.8 m for the site-specific precipitation rate in its June 2005 submittal, 
the source of which is unknown.  AAR decreased the precipitation rate to 0.8 m in its updated 
dose assessment submitted in August 2006 in response to NRC comment on the June 2005 
submittal.   
• The sensitivity of each parameter value was evaluated for both the industrial and 
residential scenarios by NRC staff to identify key parameters for more detailed study.  Results 
for the more comprehensive sensitivity analysis for the resident scenario are provided in 
Appendix D.  In some cases, the uncertainty of the parameter value was reduced through use of 
site-specific information.  In other cases, default or problem-specific distributions were evaluated 
for use in the uncertainty analysis, as appropriate. 
• Correlations between uncertain parameter values were established in the risk 
assessment.  AAR used a number of RESRAD default distributions with no assumed correlation 
between uncertain parameters. 
• The external gamma shielding factor distribution was found to be one of the most 
sensitive parameter values in this study.  To evaluate the affect of using a more conservative 
parameter distribution, NRC staff adjusted the parameter distribution (adjusted the mean value 
to a higher value) to consider data provided in NUREG/CR-5512, Volume 3.  Two sets of dose 
assessment results are presented: (i) using the modified parameter distribution based on 
NUREG/CR-5512 data, and (ii) using the RESRAD default parameter distribution.  Results 
using the RESRAD default distribution are found in parenthesis below the value using the 
modified parameter distribution in Tables 2 and 3.  The parameter distributions used by NRC for 
the external gamma shielding factor are presented in Appendix C.  AAR provided additional 
justification for the RESRAD default external gamma shielding factor in its August 2006 
submittal; therefore, the updated dose assessment results use the RESRAD parameter 
distribution and only one set of results is presented in Table 4. 
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VI. RESULTS 
 
Table 1  Deterministic DCGLs 
Scenario Area Contaminant Unit Dose 

(mrem/yr3/pCi/g) 
Time of Peak 
(years) 

DCGL 
(pCi/g) 

Eastern Total Thorium4 5.6 1000 years 4.5  
 Th-232/Th-228 7.7 0 years 3.2 
 Th-230 3.6 1000 years 6.9 
Western Total Thorium 5.5 1000 years 18.2 
 Th-232/Th-228 7.6 0 years 13.2 

Residential 
(gardener) 

 Th-230 3.5 1000 years 28.6 
Western Total Thorium 0.88 1000 years 28.6 
 Th-232/Th-228 1.4 0 years 17.9 

Industrial 

 Th-230 0.38 1000 years 65.8 
 
Deterministic DCGLS were calculated for the eastern and western parcels based on results 
from RESRAD 6.3 modeling.  The residential scenario was evaluated for the eastern parcel at a 
dose criterion of 0.25 mSv/yr (25 mrem/yr) for unrestricted release.  The same scenario was 
evaluated for the western parcel assuming loss of institutional controls at a dose criterion of 
1 mSv/yr (100 mrem/yr).  An industrial scenario with institutional controls in place was also 
assumed for the western parcel at a dose criterion of 0.25 mSv/yr (25 mrem/yr) for restricted 
release.   
 
The residential scenario assuming a loss of institutional controls for the western parcel is more 
limiting than the industrial scenario (see Table 1).  Although the dose criterion for the residential 
scenario under an assumed loss of institutional controls is higher (1 mSv/yr [100 mrem/yr]) than 
the dose limit for the industrial scenario with institutional controls in place (0.25 mSv/yr 
[25 mrem/yr]), the higher exposure time for external radiation dose and the inclusion of the plant 
ingestion pathway in the residential scenario makes this scenario more limiting than the 
industrial scenario.   
 
The external radiation dose pathway is very important for all of the scenarios.  This pathway is 
generally the most important pathway for the deterministic runs.  In fact, use of the RESRAD 
default parameter distribution (see Appendix C) for the external gamma shielding factor in the 
probabilistic analyses performed by AAR leads to a significant increase in the DCGL.  The 
default, deterministic value for this parameter in RESRAD is 0.7, while the mean value for the 
parameter distribution used in RESRAD is 0.33.  Because the receptor is located inside 85% of 
the time (0.66 indoor time fraction versus a 0.12 outdoor time fraction) and external dose is a 
primary pathway, use of a significantly lower mean value for this parameter in the uncertainty 
analysis leads to an approximately 150% increase in the DCGL.  It is also significant to note, 
that when the default parameter distribution for the gamma shielding factor is used in the 
uncertainty analysis, the plant ingestion pathway becomes more important compared to the 
deterministic runs where the external dose dominates the dose. 
 
 
 
                                                 
3 1 mrem/yr=0.01 mSv/yr 
4 DCGLs calculated for total thorium assume a ratio of 1:1:2 Th-232, Th-228, and Th-230, respectively.  
DCGLs for combined Th-232 and Th-228 assume a ratio of 1:1.  A DCGL for Th-230 is also calculated 
separately. 
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VII. SENSITIVITY AND UNCERTAINTY 
 
Based on the results of a rigorous sensitivity analysis (see Appendix D) and review of the 
results of the uncertainty analyses performed by AAR in its June 2005 submittal, several 
parameter values were found to significantly impact the results of the analysis.  These 
parameters include the external gamma shielding factor; distribution coefficients for Th, Ra, and 
Pb; cover depth; soil/plant transfer factor; runoff coefficient; precipitation rate; and depth of 
roots.  Two sets of results are presented in Tables 2 and 3 using both the more conservative 
parameter distribution and the RESRAD default parameter distribution for the external gamma 
radiation shielding factor.  AAR provided additional justification for the RESRAD default 
parameter distribution for the external gamma radiation shielding factor.  Thus, the final updated 
results presented in Table 4 only consider this parameter distribution.  RESRAD default 
parameter distributions were used for the distribution coefficients for Ra, Pb, and Th; for the 
soil/plant transfer factors; runoff coefficient; and depth of roots.  In lieu of a distribution for the 
precipitation rate, a site-specific precipitation rate was calculated based on long-term 
precipitation data for the Detroit Metropolitan area (see Appendix B).  As the conceptual model 
for the site does not include a soil cover for residual contamination, the cover depth was set 
equal to zero and was not varied in the analysis.  Other parameter values found to be sensitive 
or slightly sensitive were held constant in this analysis to maintain consistency with the scenario 
being evaluated (e.g,. indoor and outdoor time fraction) or to maintain consistency with site-
specific information (e.g., area or thickness of contamination).  Correlations between the 
distribution coefficients and plant transfer factors were established, as well as correlations 
between the distribution coefficients for isotopes of Ra, Pb, and Th within all soil zones, 
because sorption is not dependent on the particular isotope of individual elements.    
 
Table 2 lists probabilistic DCGLs calculated from results of simulations performed using the 
parameter distributions listed above.  Results using the RESRAD default parameter distribution 
for the gamma shielding factor are provided in parentheses in italic, red text below the results 
using the modified parameter distribution.  Results from the probabilistic simulations reveal the 
importance of this parameter value which drives the significant increase in the DCGLs above 
those based on the deterministic runs (see Table 1 for comparison).  The less conservative 
RESRAD default distribution for the gamma shielding factor leads to slightly higher DCGLs. 
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Table 2  Probabilistic DCGLs 
Scenario Area Contaminant Unit Dose 

(mrem/yr5/pCi/g) 
Time of 
Peak 
(years) 

DCGL 
(pCi/g) 

Total Thorium6 4.3 
(3.9) 

800-900 
years 

5.9 
(6.5) 

Th-232/Th-228 7.2 0 years 3.5 

Residential 
(gardener) 

Eastern 
(unrestricted 
use) 

Th-230 3.5 1000 years 7.1 
Total Thorium 4.1 

(3.8) 
750-900 
years 

24.2 
(26.5) 

Th-232/Th-228 7.1 0 years 14.2 

 Western 
(loss of 
institutional 
controls) Th-230 3.4 1000 years 29.4 

Total Thorium 0.68 
(0.58) 

1000 years 37.0 
(43.5) 

Th-232/Th-228 1.05 0 years 23.8 

Industrial 
 

Western 
(with 
institutional 
controls) Th-230 0.45 1000 years 55.6 

 
 
Table 3 presents results of simulations performed using source concentration data provided by 
the decommissioning directorate following review of the June 2005 submittal when only grids 
118 and 210 in the eastern parcel and grid 249 in the western parcel were targeted for 
remediation.  Although the total thorium DCGLs could be used for comparison against average 
source concentrations calculated for the site (the calculated source concentrations assume a 
1:1:2 ratio for Th-232:Th-228:Th-230 consistent with the DCGLs), use of lower source 
concentrations in the 1-2 meter interval leads to significantly lower predicted doses than would 
be expected if the 0-1 meter source concentrations were assumed to exist to a depth of 2 
meters (assumed in the DCGL calculations).  Thus, separate simulations for the 0-1 meter and 
1-2 meter intervals were performed and summed to estimate the peak mean dose. 
 
As discussed above, NRC staff requested additional information to justify the gamma shielding 
factor assumed by AAR.  However, even if the RESRAD default parameter distribution was 
justified, Table 3 indicates that AAR could not meet the license termination rule dose criteria for 
unrestricted release of the entire eastern parcel, nor restricted release of the western parcel 
based on the proposed soil remedial activities indicated in its June 2005 submittal. 
 
 

                                                 
5 1 mrem/yr=0.01 mSv/yr 
6 DCGLs calculated for total thorium assume a ratio of 1:1:2 Th-232, Th-228, and Th-230, respectively.  
DCGLs for combined Th-232 and Th-228 assume a ratio of 1:1.  A DCGL for Th-230 is also calculated 
separately. 
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Table 3  Probabilistic Dose Assessment Results Using the June 2005 Submittal Source 
Concentrations* 

Scenario Area Contaminant 
Concentration 

Dose 
(mrem/yr)7 

Time of Peak 
(years) 

Residential 
(gardener) 

Eastern 
(unrestricted 
use) 

Total Thorium 
8 pCi/g 

34.2 +/- 21.5 
(31.3 +/- 21) 

800-850 years 

 Western 
(loss of 
institutional 
controls) 

Total Thorium 
45 pCi/g (0 to 1 
m interval) 
12 pCi/g (1-2 m 
interval) 

140 +/- 82 
(120 +/- 80) 
 

0 years 
0 years 

Industrial 
 

Western 
(with 
institutional 
controls) 

Total Thorium 
45 pCi/g (0 to 1 
m interval) 
12 pCi/g (1-2 m 
interval) 

26.9 +/- 11.2 
(23 +/- 9.55) 

700-750 years 

*One standard deviation is provided after the results of the resident gardener scenarios for the 
eastern and western parcels, as well as the industrial scenario for the western parcel.  The error 
for the western sector was calculated using the error propagation formula (i.e., is calculated 
based on the square root of the sum of the variances of the 0-1 meter and 1-2 meter peak mean 
doses). 
 
 
Based on the November 22, 2005, teleconference, AAR revised its June 2005 dose assessment 
to address NRC’s comments including (i) modifying the precipitation rate, (ii) assuming Ra-228 
was in secular equilibrium with Th-232 at the start of the simulation, and (iii) changing the 
contaminated plant food fraction to one.  AAR provided additional justification for use of the 
RESRAD default distribution for the external gamma shielding factor for the specific 
radionuclides evaluated in this analysis (e.g., Th-232 and Th-230 decay chain series).  
Additional areas of the site were targeted for remediation to reduce the source concentration to 
a level that would demonstrate compliance with license termination rule criteria with the 
modifications listed above.  Grid locations 73, 100, and 219 in the western parcel were added to 
the three other parcels (239 in the western parcel; and 118 and 210 in the eastern parcel) 
assumed to be remediated in the June 2005 dose assessment.  AAR calculated a revised 
source concentration for the western parcel and for the 1-2 meter interval in the eastern parcel 
(in the June 2005 submittal AAR assumed that the source concentration in the 0-1 meter 
interval in the eastern parcel existed down to a depth of 2 meters) to demonstrate compliance 
with the license termination rule.  As discussed in Section IV, NRC staff calculated source 
concentrations based on the AAR characterization data only (Nelson, 2006).  The average soil 
concentrations were determined by staff in the decommissioning directorate and are provided in 
Table 4 below.  NRC staff concluded that AAR could not meet the targeted restricted release 
limit of 1 mSv/yr (100 mrem/yr) for the western parcel without additional soil removal activities if 
the uncertainty in the radium plant transfer factor was considered.  The difference between 
AAR’s August 2006 and NRC’s dose assessment results was mainly attributable to NRC’s 
inclusion of the RESRAD default radium plant transfer factor parameter distribution in its 
uncertainty analysis.  The default distribution provided in RESRAD (see Figure C6) led to 

                                                 
7 1 mrem/yr=0.01 mSv/yr 
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significantly higher peak dose compared to when the uncertainty in the Ra plant transfer factor 
was not considered (1.13 mSv/yr [113 mrem/yr] versus 0.94 mSv/yr [94 mrem/yr]).  NRC staff 
researched this parameter value and noted that the parameter distribution used in the DandD 
code has a mean value significantly lower than the value used in the RESRAD code (0.02 
versus 0.06; see Figures C6 and C7).  Thus, NRC staff thinks that use of the default, 
deterministic value of 0.04 in the RESRAD code is justified, and that AAR can demonstrate 
compliance with unrestricted release limits for the eastern parcel of the site and restricted 
release of the western parcel of the site (see Table 4).  Table 4 results do not consider the 
uncertainty in the Ra plant transfer factor. 
 
Table 4  Probabilistic Dose Assessment Results Using the Updated Source 
Concentrations (assumes removal of grids 118 and 210 in the eastern parcel; and grids 
249, 73, 100, and 219 in the western parcel) 
 

Scenario Area Contaminant Dose 
mrem/yr8 

Revised Source 
Concentration (pCi/g) 

Residential 
(gardener) 

Eastern 
(unrestricted 
use) 

Total Thorium 
 

22.4 @  
time=0 years 
See Figure 4 

8.0 (0-1 meter) 
1.2 (1-2 meter) 
 

 Western 
(loss of 
institutional 
controls) 

Total Thorium 
 

94 @  
time=0 years 
See Figure 5 
 

40 (0-1 meter) 
12 (1-2 meter) 

Industrial 
 

Western 
(with 
institutional 
controls) 

Total Thorium 
 

23.8 @  
time~700 years 
See Figure 6 

40 (0-1 meter) 
12 (1-2 meter) 

 
 
VIII. SUMMARY AND CONCLUSIONS 
 
The contaminated fraction of plant food (and plant ingestion rates), radium plant transfer factor, 
and the external gamma shielding factor are the three most important parameter values in the 
dose assessment.  Additional justification for use of the default parameter distribution in 
RESRAD for the external gamma shielding factor was provided by AAR.  Uncertainty in the 
plant transfer factor for Ra and external gamma shielding factor accounts for most of the 
variability in the peak of the mean dose for the residential scenarios.  The default value of 0.04 
for the Ra plant transfer factor in the RESRAD code is justified considering use of the parameter 
distribution provided in the DandD code would lead to a significantly lower peak mean dose. 
 
Use of two separate soil intervals for the western and eastern parcels in the RESRAD 
simulations leads to significantly lower predicted doses than would be expected using the 
DCGLs provided in Table 2.  Thus, the assumption that the soil contamination is present in 2 
meters of soil at the 0-1 meter interval is conservative.  It is interesting to note that the timing of 
the peak dose changes for the residential scenario in the western parcel when the separate 1-2 
meter interval is used in the simulations (time=0 years, see Table 3 and 4) versus use of the 
same concentration from 0-2 meters in the DCGL calculations (time=1000 years, see Table 2).  
                                                 
8 1 mrem/yr=0.01 mSv/yr 
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This difference can be explained considering the fact that for the DCGL calculation the 1-2 
meter interval provides a significant source of exposure while the top meter of soil erodes 
allowing for the in-growth of the Th-230 daughter products over time to contribute to the total 
overall dose.  When lower concentrations in the 1-2 meter soil interval are used, the in-growth of 
Th-230 daughter products becomes less important and the peak dose occurs at time=0 years 
before erosion begins.  Therefore, when the separate 1-2 meter interval soil concentrations are 
used, the starting concentration for Ra-228 becomes very important. 
 
Limitations 
 
The soil sampling strategy that was utilized by AAR, averaging concentrations from four 25 m2 
quadrants representing 1 m intervals (versus a more depth-discrete profile) potentially dilutes 
elevated concentrations that may exist within a smaller soil interval (less than 1 m).  For 
example, if elevated soil concentrations are located at the top of the soil column (e.g., top 15 
cm), averaging over a one meter interval would dilute these elevated surface soil 
concentrations.  A basic assumption that allows use of the 0-1 meter interval source 
concentrations for the site in this dose assessment is that contamination is assumed to be 
generally present throughout the site in the top one meter interval and that substantial grading 
and modification of the land surface would be necessary to support future industrial or 
residential land use.  Nonetheless, if elevated soil concentrations exist at the surface that pose 
some risk to human health, additional soil removal may be necessary to demonstrate 
compliance with as low as is reasonably achievable (ALARA) criteria.  Surface scans provided 
by ORISE (2004) should be reviewed to ensure that remediation of these areas are addressed. 
 
Localized areas of the site where the soil concentrations in individual samples are much higher 
than the 100 m2 or area-wide DCGLs may also need to be targeted for remediation to meet 
performance and/or ALARA objectives.  In fact, removal of soil from only those grids that were 
above the 100 m2 DCGLs was not sufficient to meet license termination rule criteria.  Appendix 
E provides a two-dimensional interpolated surface of soil concentrations based on B. Koh & 
Associates, Inc. (1999) characterization report.  Grids targeted for soil removal are marked in 
white.  The black line delineates the western from the eastern parcel.  The 100 m2 DCGL for the 
western parcel is much higher at 325 pCi/g Th-232/Th-228 for restricted release than the 
eastern parcel 100 m2 DCGL of 80 pCi/g.  Thus, areas with much higher concentrations than 
those areas targeted for removal in the eastern parcel exist in the western parcel that are not 
currently the focus of remediation.  Additional data provided by ORISE in its 2004 report shows 
individual samples that are much higher than the 100 m2 DCGLs but that were not originally 
targeted for removal because when averaged with other quadrants in the grid were less than the 
grid-averaged 100 m2 DCGL.  For example, in one case, elevated concentrations were found 
between two grids (grid 249 and 219), but only one of the grids (grid 249) was above the 100 m2 
DCGL and originally targeted for soil removal9.  In this example, it is clear that remediation 
should not be constrained to individual grids but rather to contiguous areas of the site where the 
greatest risk reduction could be achieved.  In its revised submittal, AAR agreed to remove soil 
from grid 219 as well as 249 which resolves this issue.  It is also important to note that in some 
cases the average concentrations for a grid based on AAR data alone show low levels of 
contamination; while, ORISE data shows elevated concentrations for the same grid.  Therefore, 
a close inspection of previously submitted characterization reports by AAR and ORISE and use 
of survey instrumentation should be employed to help ensure that the most contaminated areas 
of the site are removed during remedial activities.

                                                 
9 In its August 2006 submittal, AAR proposed to remediate grid 219 as well. 
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IX  FIGURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  Map of Livonia, MI, in Wayne County 
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Figure 2  Grid areas targeted for soil removal (background figure taken from ORISE 2004) 
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Figure 3  Current AAR Facilities (taken from ORISE 2004) 
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Figure 4  Updated10 Probabilistic Dose Assessment Results--  Eastern Residential 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5  Updated Probabilistic Dose Assessment Results--  Western Residential 
 
 
 
 
 
 
 
 
                                                 
10 Considers removal of four survey grids in the western sector and no uncertainty in the Ra plant transfer factor. 
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Figure 6  Updated Probabilistic Dose Assessment Results--  Western Industrial 
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XI. APPENDICES  
 
APPENDIX A:  PARAMETERS 

Parameter Units 
June 2005 PA 

(Western, 
industrial) 

June 2005 PA 
(Western, 
Industrial, 

Probabilistic)  
all default 

June 2005 PA 
(Western, 

residential) 

June 2005 PA 
(Western, 

residential, 
probabilistic) 

Change to Western 
Parameters 

Changes to 
Eastern 

Parameters from 2002 
assessment 

Contaminant Concentration Total Thorium 0-1 m 
(site-specific) 

pCi/g 58 58 58 58 45 (one grid remediated) 
40 (three grids remediated)

811 

Contaminant Concentration Total Thorium 1-2 m 
(site-specific) 

pCi/g 12.9 12.9 12.9 12.9 12 17 

Kd, all zones, Thorium (site-specific) cm3/g 60000 lognormal 60,000 lognormal Correlated Correlated 
Kd, all zones, Radium (site-specific) cm3/g 70 lognormal 70 lognormal Correlated Correlated 
Kd, all zones, Pb (site-specific) cm3/g 100 lognormal 100 lognormal Correlated Correlated 
Plant Transfer Factor  default   lognormal Correlated12 Correlated8 

Meat Transfer Factor pCi/kg/pCi/d default   lognormal Did not vary Did not vary 
Milk Transfer Factor pCi/L/pCi/d default   lognormal Did not vary Did not vary 
Fish Transfer Factor pCi/kg/pCi/d default   lognormal Did not vary Did not vary 
Area of Contaminated Zone (site-specific) m2 6175  6175    
Thickness of CZ (site-specific) m2 1  1  2 or 113 2 or 19 

Length Parallel to Aquifer Flow (site-specific) m2   78.58    
Cover Depth (site-specific) m2 0  0    
Density of Cover (site-specific) cm3/g   1.5    
Erosion Rate of Cover m/yr   0.001    
Density of Contaminated Zone g/cm3 1.5 truncated normal 1.5 truncated normal Did not vary Did not vary 
Erosion Rate of Contaminated Zone m/yr 0.001 continuous log 0.001 continuous log Did not vary Did not vary 
Contaminated Zone Total Porosity dimensionless 0.4 truncated normal 0.4 truncated normal Did not vary Did not vary 
Contaminated Zone Field Capacity dimensionless 0.2  0.2    
Contaminated Zone Hydraulic Conductivity m/yr 10 bounded log 10 m/yr bounded log Did not vary Did not vary 
Contaminated Zone “b” Parameter dimensionless 5.3 bounded log 5.3 bounded log Did not vary Did not vary 
Humidity in Air g/m3   8    
Evapotranspiration Coefficient dimensionless 0.5 uniform 0.5 uniform Did not vary Did not vary 
Wind Speed m/s 2 bounded log 2 bounded log Did not vary Did not vary 
Precipitation m/yr 1.8  1.8  0.8 0.8 
Irrigation m/yr 0.2  0.2  0.0 0.0 
Irrigation Mode NA overhead  overhead    
Runoff coefficient dimensionless 0.2  0.2 uniform   
Watershed area for nearby stream or pond m2   1,000,000    
Accuracy for water/soil computations dimensionless   0.001    
Density of Saturated Zone g/cm3   1.5 truncated normal Did not vary Did not vary 
Saturated Zone Total Porosity dimensionless   0.4 truncated normal Did not vary Did not vary 

                                                 
11 The eastern area was divided into four 10,000 m2 areas.  Area “A” had the highest concentration (8 pCi/g) and was used in the analysis.  In the updated 2006 dose assessment, AAR used a separate concentration for the 0-1 meter and 1-2 meter soil intervals.  
12 In NRC’s updated dose assessment (results presented in Table 4), the Ra plant transfer factor was not assumed to be an uncertain parameter. 
13 DCGLs were calculated using an assumed depth of contamination of 2 meters. Two separate runs were performed with the site-specific source concentrations for the 0-1 m and 1-2 m intervals for the western parcel and for the eastern parcel in the 2006 assessment.   
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Parameter Units 
June 2005 PA 

(Western, 
industrial) 

June 2005 PA 
(Western, 
Industrial, 

Probabilistic)  
all default 

June 2005 PA 
(Western, 

residential) 

June 2005 PA 
(Western, 

residential, 
probabilistic) 

Change to Western 
Parameters 

Changes to 
Eastern 

Parameters from 2002 
assessment 

Saturated Zone Field Capacity dimensionless   0.2    
Saturated Zone Hydraulic Conductivity m/yr   100 bounded log Did not vary Did not vary 
Saturated Zone Hydraulic Gradient dimensionless   0.02 bounded log Did not vary Did not vary 
Saturated Zone “b” Parameter dimensionless   5.3 bounded log Did not vary Did not vary 
Water Table Drop Rate m/yr   0.001    
Well Pump Intake Depth m   10 triangular Did not vary Did not vary 
Model for Water Transport Parameters NA   Non-dispersion    
Well Pumping Rate m3/yr   250    
No. of Layers Unsaturated Zone    1    
Unsaturated Zone Thickness m   4 bounded log Did not vary Did not vary 
Unsaturated Zone Density g/cm3   1.5 truncated normal Did not vary Did not vary 
Unsaturated Zone Total Porosity dimensionless   0.4 truncated normal Did not vary Did not vary 
Unsaturated Zone Effective Porosity dimensionless   0.2 truncated normal Did not vary Did not vary 
Unsaturated Zone Field Capacity dimensionless   0.2    
Unsaturated Zone Hydraulic Conductivity m/yr   10 bounded log Did not vary Did not vary 
Unsaturated Zone “b” Parameter dimensionless   5.3 bounded log Did not vary Did not vary 
Inhalation Rate m3/yr 12,264  12,264   Did not vary 
Mass Loading for Inhalation g/m3 0.0001  0.0001 continuous linear Did not vary Did not vary 
Exposure Duration years 25  30    
Indoor Dust Filtration Factor dimensionless 0.4 uniform 0.4 uniform Did not vary Did not vary 
External Gamma Shielding Factor dimensionless 0.7  0.7 

bounded log 
Modified pdf and 
RESAD default 

Modified pdf and 
RESRAD default 

Indoor Time Fraction dimensionless 0.17  0.66   Did not vary 
Outdoor Time Fraction dimensionless 0.06  0.12    
Shape of the Contaminated Zone NA Circular  Circular    
Fruit, Vegetable, and Grain Consumption kg/yr NA  84.6  84.6 and 112 84.6 
Leafy Vegetable Consumption kg/yr NA  7.4  7.4 and 13 7.4 
Milk Consumption L/yr NA  92 triangular 233 Did not vary 
Meat and Poultry Consumption kg/yr NA  65    
Fish Consumption kg/yr NA  21    
Other Seafood Consumption kg/yr NA  0    
Soil Ingestion g/yr 36.5 triangular 36.5 triangular Did not vary Did not vary 
Drinking Water Intake L/yr NA  510    
Contaminated Fraction:  Drinking Water dimensionless NA  1    
Contaminated Fraction:  Household Water dimensionless NA  1    
Contaminated Fraction:  Livestock Water dimensionless NA  1    
Contaminated Fraction:  Irrigation Water dimensionless NA  1    
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Parameter Units 
June 2005 PA 

(Western, 
industrial) 

June 2005 PA 
(Western, 
Industrial, 

Probabilistic)  
all default 

June 2005 PA 
(Western, 

residential) 

June 2005 PA 
(Western, 

residential, 
probabilistic) 

Change to Western 
Parameters 

Changes to 
Eastern 

Parameters from 2002 
assessment 

Contaminated Fraction:  Aquatic Food dimensionless NA  0.5   Did not vary 
Contaminated Fraction:  Plant Food Dimensionless NA  -1  1 1 
Contaminated Fraction:  Meat Dimensionless NA  -1    
Contaminated Fraction:  Milk  Dimensionless NA  -1    
Livestock Fodder intake for Meat kg/day NA  68    
Livestock Fodder Intake for Milk kg/day NA  55    
Livestock Water Intake for Meat L/day NA  50    
Livestock Water Intake for Milk L/day NA  160    
Livestock Intake of Soil kg/day NA  0.5    
Mass Loading for Foliar Deposition g/m3 NA  0.0001    
Depth of Soil Mixing Layer m 0.15 triangular 0.15 triangular Did not vary Did not vary 
Depth of Roots m NA  0.9 uniform   
Groundwater Fractional Usage:  Drinking Water dimensionless NA  1    
Household Water dimensionless NA  1    
Livestock Water dimensionless NA  1    
Irrigation Water dimensionless NA  1    
Dose mrem/yr14 41.3 22.5 177 89   
Time year 612 46 130 41   
Pathway   external external external external   
Pathway Dose   39 22 125 62   
Pathway 

  
inhalation/soil 

ingestion 
inhalation/soil 

ingestion plant plant 
  

Pathway Dose   2 1 42 21   

                                                 
14 1 mrem/yr=0.01 mSv/yr 
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APPENDIX B  PRECIPITATION DATA15 
 
Year Jan Feb March April May June July Aug Sept Oct Nov Dec Sum 

1958 52 41 42 143 170 274 232 265 372 133 227 24 1975.00
1969 286 12 177 410 417 431 729 300 107 141 261 119 3390.00
1970 93 190 237 306 358 399 373 125 240 189 295 109 2914.00
1971 85 296 162 84 205 227 165 277 307 115 144 385 2452.00
1975 302 225 201 244 383 545 206 632 485 118 191 401 3933.00
1976 241 331 470 347 379 316 311 210 356 211 89 78 3339.00
1978 340 75 199 267 402 279 101 145 245 263 242 184 2742.00
1979 238 61 244 600 332 213 294 319 181 137 442 262 3323.00
1981 78 328 90 484 280 336 492 169 483 585 129 170 3624.00
1984 70 118 396 208 357 208 95 311 380 238 217 233 2831.00
1987 174 9 258 204 195 545 675 450 228 250 305 455 3748.00
1988 92 181 115 180 145 68 163 191 277 349 418 206 2385.00
1989 108 71 144 252 304 360 277 159 518 193 258 110 2754.00
1990 201 519 199 257 436 450 307 376 677 443 262 452 4579.00
1991 133 67 175 292 499 251 91 352 71 390 274 195 2790.00
1994 270 76 261 290 81 413 518 380 126 257 279 225 3176.00

             3122.19
            meters 0.793036

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
15 Years with missing monthly data were eliminated from calculation of the long-term average.  This data was for the Dearborn data.  A similar set of data from the Detroit Metropolitan area was also averaged and is consistent with this calculation. 
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APPENDIX C—PARAMETER DISTRIBUTIONS   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C1  RESRAD default and modified pdf for the external gamma shielding factor 
*The actual probability distribution is bounded.  The RESRAD bounds are 0.04 to 1.0 and the 
modified pdf bounds are 0.1 to 1.0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C2  Cumulative Probability vs. External Gamma Shielding Factor (RESRAD 
default) 
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Figure C3  Scatter Plot of External Gamma Shielding Factor vs. Dose 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C4  Cumulative Probability vs. External Gamma Shielding Factor (Modified pdf) 
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Figure C5  Scatter Plot of External Gamma Shielding Factor vs. Dose (Modified pdf) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C6  Default RESRAD Distribution for the Radium Plant Transfer Factor 
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Figure C7  Default DANDD Distribution for the Radium Plant Transfer Factor 
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APPENDIX D  SENSITIVITY ANALYSIS FOR WESTERN RESIDENTIAL SCENARIO16 

Parameter 

June 2005 PA 
(Western, 

residential) 
Low 

Value 
Medium 
Value 

High 
Value 

Low 
Dose 

Low 
Sensitivity 

Ratio 
Medium 

Dose 

Medium 
Sensitivity 

Ratio 

High 
Value 
Dose 

High 
Sensitivity 

Ratio Comment 

Kd contaminated zone (site-specific) 60000 60   130 0.2658   177 0 

not sensitive on high end--  sensitive on low 
end (lower doses due to leaching and loss 

from the contaminated zone) 
Area of Contaminated Zone (site-specific) 6175 617  61750 150 0.1695   189 0.00753296 slightly sensitive 

Thickness of CZ (site-specific) 1 0.5  2 142 0.3955   211 0.1920904 slightly sensitive 
Length Parallel to Aquifer Flow (site-specific) 78.58 7   177 0.0000   177 0 not sensitive 

Cover Depth (site-specific)17 0 0.5  1.5 186 --   26.4 -0.4290323 sensitive on high end 
Density of Cover (site-specific) 1.5 1  2 188 --   188 0 not sensitive 

Erosion Rate of Cover 0.001 0.0001  0.01 3.9 --   181 0.45 
sensitive on low end (slow erosion of cover 

leads to low doses due to shielding) 

Density of Contaminated Zone 1.5 1  2 170 0.1186   181 0.06779661 slightly sensitive 

Erosion Rate of Contaminated Zone 0.001 0.0001  0.01 187 -0.0628   157 -0.0125549 
slightly sensitive (when source area erodes 

faster the dose goes down due to loss) 
Contaminated Zone Total Porosity 0.4 0.2  0.6 177 0.0000   177 0 not sensitive 
Contaminated Zone Field Capacity 0.2 0.1  0.4 177 0.0000   177 0 not sensitive 

Contaminated Zone Hydraulic Conductivity 10 1  100 177 0.0000   177 0 not sensitive 

Evapotranspiration Coefficient 0.5 0.1  0.9 167 0.0706   196 0.13418079 slightly sensitive 
Wind Speed 2 0.5  10 186 -0.0678   175 -0.0028249 slightly sensitive 
Precipitation 1.8 0.18  10 196 -0.1193   139 -0.0471269 sensitive at extremes 

Irrigation 0.2 0.01  1 179 -0.0119   171 -0.0084746 not sensitive 
Runoff coefficient 0.2 0.05  0.9 175 0.0151   195 0.02905569 slightly sensitive at extremes 

Watershed area for nearby stream or pond 1000000 10000  10000000 214 -0.2112   177 0 sensitive on low end 
Accuracy for water/soil computations 0.001 0.0001  0.01 177 0.0000   177 0 not sensitive 

Density of Saturated Zone 1.5 1  2 177 0.0000   177 0 not sensitive 
Saturated Zone Total Porosity 0.4 0.2  0.6 177 0.0000   177 0 not sensitive 

Saturated Zone Effective Porosity 0.2 0.1   177 0.0000   177 0 not sensitive 
Saturated Zone Field Capacity 0.2 0.05  0.4 177 0.0000   177 0 not sensitive 

Saturated Zone Hydraulic Conductivity 100 1  1000 177 0.0000   177 0 not sensitive 
Saturated Zone Hydraulic Gradient 0.02 0.0002  0.2 177 0.0000   177 0 not sensitive 

Well Pump Intake Depth 10 1  100 177 0.0000   177 0 not sensitive 
Well Pumping Rate 250 25  2500 177 0.0000   177 0 not sensitive 

Unsaturated Zone Thickness 4 0.4  40 177 0.0000   177 0 not sensitive 
Unsaturated Zone Density 1.5 1  2 177 0.0000   177 0 not sensitive 

Unsaturated Zone Total Porosity 0.4 0.2  0.6 177 0.0000   177 0 not sensitive 
Unsaturated Zone Effective Porosity 0.2 0.1  0.4 177 0.0000   177 0 not sensitive 

Unsaturated Zone Field Capacity 0.2 0.1  0.4 177 0.0000   177 0 not sensitive 
Unsaturated Zone Hydraulic Conductivity 10 1  100 177 0.0000   177 0 not sensitive 

Unsaturated Zone “b” Parameter 5.3 4  10 177 0.0000   177 0 not sensitive 
Inhalation Rate 12264 5000  15000 175 0.0191   178 0.02532461 not sensitive 

                                                 
16 The sensitivity ratios reported in this table are based on the normalized change in the dose over the normalized change in the parameter value (versus the basecase dose and parameter values). 
17 Although the site-specific dose assessment does not include a cover, a cover was simulated for three sensitivity runs to investigate the sensitivity of the results to cover parameter values including cover depth, density of cover, and erosion rate of cover.  Only one 
sensitivity ratio was calculated for the change in result based on the change in parameter value for the low and high values of the parameter value, since there was no basecase result or parameter value to compare against. 
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Parameter 

June 2005 PA 
(Western, 

residential) 
Low 

Value 
Medium 
Value 

High 
Value 

Low 
Dose 

Low 
Sensitivity 

Ratio 
Medium 

Dose 

Medium 
Sensitivity 

Ratio 

High 
Value 
Dose 

High 
Sensitivity 

Ratio Comment 
Mass Loading for Inhalation 0.0001 0.00001  0.001 174 0.0188   203 0.01632141 slightly sensitive 
Indoor Dust Filtration Factor 0.4 0.1  0.9 175 0.0151   179 0.00903955 not sensitive 

External Gamma Shielding Factor 0.7 0.04 0.3 1 83.2 0.5621 120 0.5636 220 0.56685499 Sensitive 
Indoor Time Fraction 0.66 0.33  0.88 125 0.5876   212 0.59322034 Sensitive 

Outdoor Time Fraction 0.12 0.01  0.64 152 0.1541   227 0.06518905 Sensitive 
Fruit, Vegetable, and Grain Consumption 84.6 40  300 156 0.2251   278 0.22411595 sensitive 

Leafy Vegetable Consumption 7.4 5  25 176 0.0174   185 0.0190036 slightly sensitive 
Milk Consumption 92 40  180 176 0.0100   178 0.00590652 not sensitive 

Meat and Poultry Consumption 65 30  130 176 0.0105   178 0.00564972 not sensitive 
Fish Consumption 21 0  40 177 0.0000   177 0 not sensitive 

Other Seafood Consumption 0   20     177 0 not sensitive 
Soil Ingestion 36.5 5  60 175 0.0131   179 0.01755019 not sensitive 

Contaminated Fraction:  Aquatic Food 0.5   1     177 0 not sensitive 
Contaminated Fraction:  Plant Food -1 0.1  1 143 --18   220 0.0598 sensitive 

Contaminated Fraction:  Meat -1 0.1  1 176 --   180 0.0025 not sensitive 
Contaminated Fraction:  Milk  -1 0.1  1 176 --   180 0.0025 not sensitive 

Livestock Fodder intake for Meat 68 6.8  300 176 0.0063   181 0.00662381 not sensitive 
Livestock Fodder Intake for Milk 55 5.5  300 176 0.0063   183 0.00760982  not sensitive 
Livestock Water Intake for Meat 50 5  300 177 0.0000   177 0 not sensitive 
Livestock Water Intake for Milk 160 16  300 177 0.0000   177 0 not sensitive 

Livestock Intake of Soil 0.5 0.1  5 176 0.0071   183 0.00376648 not sensitive 
Mass Loading for Foliar Deposition 0.0001 0.00001  0.001 177 0.0000   177 0 not sensitive 

Depth of Soil Mixing Layer 0.15 0.1  1 177 0.0000   176 -0.000997 not sensitive 
Depth of Roots 0.9 0.1  4 185 -0.0508   143 -0.0557682 slightly sensitive 

Plant Factors:  Non-Leafy, Leafy, and Fodder            
Wet Weight Crop Yield 0.7 0.1  2 177 0.0000   177 0 not sensitive 

 1.5           
 1.1           

Length of Growing Season 0.17 0.02  1 177 0.0000   177 0 not sensitive 
 25           
 0.08           

Translocation Factor (non-leafy, leafy, fodder) 0.1 0.01  1 177 0.0000   177 0 not sensitive 
 1           
 1           

Weathering Removal Constant 20 2  200 177 0.0000   177 0 not sensitive 
Wet Foliar Interception Fraction (non-leafy, leafy, 

fodder) 0.25 0.02  1 177 0.0000   177 0 not sensitive 

 0.25           

 0.25           

                                                 
18 Although a sensitivity ratio could have been calculated for the low value of the contaminated fraction of plant food, meat, and milk, the ratios were not calculated as the basecase parameter value of -1 has no physical meaning.  The -1 is simply a trigger to correct the 
ingestion rates based on a limited area of contaminated soil available for farming.  The high value sensitivity ratio is actually the difference between the high and low parameter values, i.e. it is not a comparison between the high value and the basecase parameter value. 
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Dry Foliar Interception Fraction (non-leafy, leafy, 
fodder) 0.25 0.02  1 177 0.0000   177 0 not sensitive 

 0.25           
 0.25           

Dose 177                     
Time 130                     

Pathway external                     
Pathway Dose 125                     

Pathway 2 plant                     
PathwayDose2 42                     
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APPENDIX E  INTERPOLATED AAR TOTAL THORIUM CONCENTRATIONS IN THE 0-1 M INTERVAL  
(DOES NOT INCLUDE ORISE DATA THAT WAS SIGNIFICANTLY HIGHER THAN AAR DATA IN SOME LOCATIONS) 
 

 
 
 

Western Eastern


