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BACKGROUND 
 
Thorium ore was processed from 1916 to 1956 by Maywood Chemical Works at a facility in 
Maywood, New Jersey (Maywood Facility).  Maywood Chemical Works was initially granted a 
source materials license for the Maywood Facility by the Atomic Energy Commission (AEC) in 
1954 and ceased processing thorium in 1956.  In 1959, Stepan Chemical Company purchased 
the Maywood Facility.  From 1966 through 1968, approximately 19,000 cubic yards (yd3) of 
thorium waste was buried in three (3) on-site pits.  In 1983, the U.S. Environmental Protection 
Agency included the Maywood Facility on its National Priority List for cleanup under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).1  In 
addition, in 1984, the U.S. Department of Energy (DOE) assumed responsibility for remediating 
the burial pits at the site under the authority granted by the Energy and Water Development 
Appropriation Act of 19842 and, as a result, the Maywood Facility was included under DOE’s 
Formerly Utilized Sites Remedial Action Program (FUSRAP).  In October 1997, the 
management and administration of FUSRAP was transferred to the U.S. Army Corps of 
Engineers (USACE). 
 
In July 2001, a Memorandum of Understanding [66 FR 36606; July 12, 2001] was executed 
between the U.S. Nuclear Regulatory Commission (NRC) and the USACE to minimize dual 
regulation and duplication of regulatory requirements at FUSRAP sites with NRC-licensed 
facilities.  The USACE has initiated remedial actions for the three burial pits pursuant to the 
Maywood Site Record of Decision, dated August, 2003.  On October 21, 2008, the NRC 
executed a Confirmatory Order to suspend Stepan’s license, in whole or in part, contingent 
upon USACE notifying the NRC that they have taken physical possession of all, or part, of the 
licensed site [ML0827600950].  In December 2008, August 2009, and January 2010, USACE 
notified the NRC that it had taken physical possession of Burial Pits No. 3, No. 2, and No. 1, 
respectively.  Accordingly, License STC-1333 is now suspended with respect to all three Burial 
Pits.  
 
In letters dated April 14, 2010 [ML101200105], and June 11, 2010 [ML101720223], Stepan 
requested approval from the NRC for the transport and disposal of 1,500 yd3 [1,147 cubic 
meters (m3)] of stockpiled soil as an “unimportant quantity of source material” to a Resource 
Conservation and Recovery Act (RCRA)3 Subtitle C hazardous waste disposal facility under the 
criteria discussed in Title 10 Code of Federal Regulations (CFR) 40.13(a).  The contaminated 
soil contains thorium and uranium series radionuclides at concentrations slightly above 
naturally-occurring background levels for the region.  Included with the request was a 

                                                
1 42 U.S.C. §§ 9601 et seq. 
2 Pub. L. No 98-50, 97 Stat. 247 (1983). 
3 42 U.S.C. §§ 6901 et. seq. 
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radiological assessment report describing the waste material, characteristics of a potential 
disposal site, and exposure scenarios and corresponding doses used to evaluate the risk to 
workers and the public from exposure to the waste soil. 
 
In addition to evaluating the provisions associated with 10 CFR 40.13(a), the NRC reviews 
potential use and disposition scenarios on a case-by-case basis.  According to 10 CFR 
40.13(a), persons are exempt from the regulations if source material is by weight less than 0.05 
percent of the mixture, compound, solution, or alloy.  The NRC staff agrees that based on the 
sampling results and dose assessment, the waste material contains less than 0.05 weight 
percent of source material, is below the NRC’s soil cleanup standard of 5 picocurie/gram 
(pCi/g), and meets the Derived Concentration Guideline Levels established for the site.  
However, section 83(a) of the Atomic Energy Act of 1954, as amended (AEA) governs Stepan’s 
NRC-license and, as such, the material at the entire Maywood site is classified as 11(e).(2) 
byproduct material and off-site disposal of the material must occur at a licensed 11(e).(2) 
disposal facility.4    
 
Based on the aforementioned findings, there are three alternatives by which Stepan may 
arrange for the final disposition of the stockpiled soil located outside of the burial pits:  (1) utilize 
the stockpiled soil as on-site backfill, provided that it meets all other applicable State and 
Federal requirements; (2) dispose of the material at a licensed 11(e).(2) disposal facility, in 
which case, the NRC would be able to approve Stepan’s request or; (3) dispose of the material 
under the USACE FUSRAP Authority.  Under Section 129 of the Consolidated Appropriations 
Act of 2008, Pub. L. No. 110-161, 121 Stat.1844 (2007),  the USACE has the authority to 
arrange disposal of waste materials from the Maywood site at off-site facilities permitted to 
accept such waste materials under Subtitle C of RCRA. 
 
 
EVALUATION 
 
Stepan Company requested the shipment of approximately 1,500 yd3 (1,147 m3) of stockpiled 
soil containing uranium (U), thorium (Th), and their radioactive progeny.  In addition to 
confirming that the waste soil does not contain hazardous waste, samples collected from the 
stockpiled soil by the USACE were used to determine Th (as Th-232) and U (as U-238) 
concentrations.  A summary of the results are included in Table 1.  The radionuclide 
concentrations associated with 0.05 weight percent for Th-232 and U-238 are 55 pCi Th-232/g 
and 165 pCi U-238/g respectively.  Assuming a 2 to 1 ratio for thorium to uranium, the 
concentrations corresponding to unimportant quantities were calculated using the sum of 
fractions formula: 

 
 
where X equals the concentration of Th-232 and X/2 equals the concentration of U-238.  Using 
the equation to solve for X resulted in 0.05 weight percent concentrations of 47 pCi Th-232/g 
and 24 pCi U-238/g.  The data collected from the stockpiled soil shows that the thorium and 
uranium concentrations are below the activity concentrations equivalent to the 0.05 weight 

                                                
4 See also, Letter from Mr. Martin J. Virgilio to Mr. Stephen A. Romano, American Ecology, dated June 
12, 2002 [ML021560081] 
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percent.  NRC staff finds the assumptions regarding the ratio of thorium to uranium in the 
stockpiled soil acceptable. 
 
Table 1.  Radionuclides of Concern 
 
Radionuclide Arithmetic Average 

(pCi/g) 
Standard Deviation 
(pCi/g) 

Th-232 1.88 0.97 
U-238 1.07 1.00 
 
 
SCENARIOS 
 
The analyses performed as part of the radiological assessment evaluated a range of scenarios 
and exposure pathways to determine the critical group associated with the transport and 
disposal of the waste soil.  These included evaluating doses to workers involved in the 
transportation of the waste soil to the landfill, workers involved with transferring waste soil to the 
landfill, as well as inhabitants occupying houses with and without basements located on the 
landfill once the site has been closed.  Additional scenarios were considered but not analyzed 
since the exposure pathways, periods of occupancy, and overall risks were determined to be 
less than the four scenarios considered.  RESRAD, Version 6.4, was used to evaluate each of 
the scenarios. 
 
The licensee supplied detailed descriptions of the exposure scenarios considered for workers 
and members of the public associated with the transport and disposal of the soil at a RCRA 
Subtitle C disposal facility as well as possible residents on the site following landfill closure 
activities.  RESRAD default parameters were used except where changes were needed to 
consider scenario-specific assumptions associated with the different scenarios.  Calculated 
doses are summarized in Section 4 of the licensee’s radiological assessment and in Table 2.  
Complete printouts of the RESRAD analyses are included in the appendices of the radiological 
assessment report. 
 
The “Landfill Site Inhabitant in a House with a Basement” scenario evaluated by the licensee, 
which represents the maximum impact from occupying the site, assumes that the land use 
restriction required for a Subtitle C landfill is ignored and a house is constructed with a 
basement that penetrates into the waste soil buried in the landfill.  The basement is assumed to 
be excavated through the 1.83 meter (m)  [6 feet (ft)] deep landfill cap and the top 0.91 m (3 ft) 
of buried waste soil.  The waste soil and cap material are assumed to be mixed during 
excavation and spread as a 0.15 m (6 inch) layer of top soil around the house.  The licensee 
calculated the dose by summing the dose associated with excavated soil spread over the 
surface around the house (1,800 m2 around the house) and the dose to the occupant from the 
remaining waste soil beneath the house.  The licensee’s analysis assumed that exposure to the 
occupant is only from the waste located on the surface (i.e., top soil) and the remaining waste 
soil located beneath the house to a depth of 2 m (6.6 ft).  However, construction of the 
basement is assumed to result in the excavation of 91 m3 (3,213 ft3) of waste soil, which is 
mixed with cover material and spread on the surface as top soil.  This would leave 
approximately 1,056 m3 (37,292 ft3) of waste soil remaining in the ground. 
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NRC staff performed an independent analysis to consider the potential dose received by the 
occupant from the remaining waste soil not excavated during construction of the basement.   
A RESRAD analysis was completed using similar input parameters used by the licensee except 
that the thickness of the contaminated zone was equal to 10.56 m, which assumes that all of the 
remaining waste is located beneath the 100 m2 house. 
 
A review of the licensee’s input parameters revealed that, although the description of 
parameters provided in the dose assessment report indicated that the “Occupancy out-of-doors” 
parameter was equal to 0, the RESRAD printout provided in Appendix D shows the “Outdoor 
time fraction” was kept at 0.25, the default value.  Ultimately the increase in waste depth from 
2 m to 10.56 m did not change the dose to the occupant.  Changing the “Outdoor time fraction” 
parameter to zero as indicated in the radiological assessment report decreased the dose to the 
occupant from 0.121 mSv/yr (12.1 mrem/yr) as calculated by the licensee to 0.0345 mSv/yr 
(3.45 mrem/yr).  Based on these results, the overall dose for the “Landfill Site Inhabitant in a 
House with a Basement” scenario would be 0.0895 mSv/yr (8.95 mrem/yr). 
 
The description of the “Landfill Site Inhabitant in a House with a Basement” scenario assumes 
that drinking water is drawn from an on-site well.  The licensee did not provide information 
regarding doses to occupants associated with the construction of an on-site well in the 
radiological assessment report.  NRC staff conducted a conservative analysis to evaluate the 
dose received from material exhumed following the construction of a drinking water well on the 
site. 
 
Using guidance provided in NUREG/CR-4370, “Update of Part 61 Impacts Analysis 
Methodology,” January 1986, NRC staff considered a drinking water well with a diameter of 
0.203 m (8 inches) and a depth of 15 m (50 ft).  The resulting volume of material exhumed 
during the drilling process, which includes waste soil and cover material, totaled 0.485 m3.  NRC 
staff assumed that the material removed from the well would be spread as a 0.15 m (6 inch) 
layer of top soil around the well.  Using RESRAD, Version 6.4, NRC staff calculated a dose of 
0.0397 mSv/yr (3.97 mrem/yr) to intruders from material exhumed during construction of a 
drinking water well. 
 
 
Table 2.  Summary of Scenarios and Doses Associated with Waste Soil Disposal 
 
Scenario 
 

Description 
 
Dose* 

 
Licensee’s Analyses 
 
Transportation 
 

Dose to truck driver or persons near idle 
railcars during transport of waste soil 

0.282 mrem/yr 
T = 0 years 

 
Landfill Worker During 
Emplacement of 
Waste Soil 
 

Dose to worker who transfers waste soil from 
transport vehicles and puts it in landfill 

0.4082 mrem/yr 
T = 0 years 

 
Landfill Site Inhabitant 
in House on Grade 

Dose to a resident living on top of the landfill, 
which includes a landfill cap, who practices 
subsistence farming 

4.27E-08 mrem/yr 
T = 1.00E+03 years 



5 
 
 
 
Landfill Site Inhabitant 
in a House with 
Basement 
 

Dose to a resident living in a house on top of 
the landfill; house is assumed to have a 
basement that penetrates the buried waste soil

16.6 mrem/yr 
T = 0 years 

 
Additional NRC Staff Analyses 
 
 
Landfill Site Inhabitant 
in a House with 
Basement  
 

Dose to a resident living in a house on top of 
the landfill; house is assumed to have a 
basement that penetrates the buried waste 
soil; modifications to waste depth and outdoor 
time fraction parameters 

8.95 mrem/yr 
T = 0 years 

 
Landfill Site Inhabitant 
with Drinking Water 
Well 
 

Dose to resident from a drinking water well 
constructed on site (well depth of 15 m) 

3.97 mrem/yr 
T = 0 years 

*Doses can be converted to mSv/yr by multiplying mrem/yr by 0.01 
 
 
CONCLUSIONS 
 
In letters dated April 14, 2010 and June 11, 2010, Stepan Company submitted a request under 
10 CFR 40.13(a) to the NRC for the transport and disposal of stockpiled soil (1,500yd3/1,147m3) 
containing thorium and uranium in a RCRA Subtitle C hazardous waste disposal facility.  
Analysis of samples collected from the stockpiled soil show that thorium and uranium 
concentrations are below the activity concentrations used to define unimportant quantities.  A 
general review of the exposure scenarios evaluated by the licensee as part of the radiological 
assessment  found the exposure scenarios to be acceptable.  A detailed review of the “Landfill 
Site Inhabitant in a House with Basement” scenario, which was determined to be the most risk-
significant scenario evaluated, yielded a dose of 0.17 mSv/yr (17 mrem/yr), which is less than 
the NRC’s regulatory limit of  0.25 mSv/yr (25 mrem/yr) to members of the public. 
 
Additional analyses were also conducted by NRC staff to evaluate the doses received by the 
occupants intruding onto the site.  Increasing the volume of waste below the basement to 
consider exposure to all of the waste disposed of on the site had no impact on the dose 
received by the occupants.  Setting the “Outdoor time fraction” parameter to 0 resulted in a 
decrease in the overall dose received by the occupants from 0.17 mSv/yr (17 mrem/yr) to 0.09 
mSv/yr (9 mrem/yr).  An evaluation of impacts associated with the removal of waste during the 
construction of a drinking water well was also shown to have minimal impacts on the overall 
dose received by occupants intruding onto the site. 
 
The analyses conducted by the licensee and the NRC staff confirm that the concentrations of 
Th-232 and U-238 in the stockpiled waste soil are less than the 0.5 weight percent necessary to 
be classified as unimportant quantities of source material.  Analyses of potential doses to 
occupants intruding onto the site following closure of the disposal landfill were also below the 
NRC’s 25 mrem/yr dose threshold for the general public.   
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Although the stockpiled material in question appears to meet the NRC’s regulatory criteria for 
residual radioactivity in 10 CFR 40.13(a), the NRC has determined that this material is 
appropriately classified as 11(e).(2) byproduct material.  Accordingly, Stepan has the following 
options available for final disposition of the stockpiled material.  Stepan may:  (1) utilize these 
soils for on-site backfill, provided that they meet all other applicable State and Federal 
requirements and the necessary approvals from the governing jurisdiction(s) are obtained prior 
to on-site re-use; (2) dispose of the material at a licensed 11(e).(2) disposal facility in which 
case, the NRC would be able to approve Stepan’s request; or (3) disposes of the material under 
the USACE FUSRAP Authority, since the Consolidated Appropriations Act, 2008 Section 129 
grants authority to USACE to “arrange disposal of waste material” from the Maywood FUSRAP 
site at an off-site RCRA Subtitle C Facility. 
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