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Dear Paul: 

I am aware of your interest and efforts in regard to clean-up 
levels for radioactively contaminated sites. The purpose of this 
transmittal is to share with you the work we have done in New 
Jersey to date on the development of clean-up levels for soils 
containing technologically enhanced levels of naturally occurring 
radionuclides. 

In 1993 the Industrial Site Recovery Act (ISRA) or S-1070 was 
enacted into law in New Jersey. This law establishes cleanup 
criteria for contaminated sites in New Jersey. The criteria for 
cleanups are now based on an excess lifetime cancer risk of one in 
one million (10m6) or on regional natural background levels if the 
risks associated with them are greater than 10s6. This has had a 
significant impact on the way cleanup standards are to be developed 
for sites contaminated with radioactive materials. Because 
background levels of radiation will result in a lifetime cancer 
risk of greater than 10e6, the only viable option is to use the 
"regional natural background level" as the cleanup criteria. 

Consequently, my Bureau, the Bureau of Environmental 
Radiation, has been developing cleanup criteria for residential and 
nonresidential uses for the radionuclides present at New Jersey 
sites. The methodology being used to derive these numbers is 
outlined in detail in Enclosure 1 (residential criteria) and 
Enclosure 2 (non-residential criteria) and summarized below. Our 
premise in developing these criteria is that once the site is 
remediated to these levels, it can then be released for any 
residential or nonresidential use, as the case may be. 



Standard Development 

To follow the provisions of S-1070, we have had to analyze the 
radiation from varying levels of contamination in comparison to 
"natural background" radiation levels. We have considered four l- 
pathways: 1) external gamma radiation, 2) indoor radon, 3) 
internally deposited radionuclides and 4) ground water. For 
external gamma background, we are currently using terrestrial ; 
background radiation data as reported in NCRP Report No. 94. 
Terrestrial background was the most appropriate parameter because 
contaminated soil is part of the llterrestrial" component. Because - 
natural background varies from place to place, a statistical 
approach was needed. To accommodate such variation, natural 
background for terrestrial gamma is being defined as one standard 
deviation from the mean value of 28 mrem/yr. Based on the 
distribution of the NCRP data, one standard deviation is 
approximately 6 mrem/yr. Therefore, based on nationwide background 
gamma levels, contamination on site cannot contribute an W 
incremental external gamma dose of greater than 6 mrem/yr. New 
Jersey specific data still needs to be examined. 

For the radon pathway, natural background was determined by 
converting state-wide measurement data to lognormal form and 
calculating the standard deviation of the resulting distribution. 
The geometric mean for radon in the inner coastal plain is 1.35 
pci/L, with a standard deviation of 2.94 pCi/L Therefore, 
incremental cleanup levels are based on meeting a 3 pCi/L 
incremental indoor radon level. 

For internally deposited radionuclides we considered and 
summed crop ingestion, direct soil ingestion, inhalation from 
resuspended dust, and groundwater consumption component. "In the 
body" background was also determined Using NCRP Report No. 94. 
According to this report, the average annual dose in the United 
States from ingesting and inhaling radioactive materials is 40 
mrem/yr. TO provide for natural variation, a 25% increment was 
established, resulting in an allowable increment of 10 mre'm/yr from 
internally deposited radionuclides. 

Radionuclide standards for the groundwater pathway are 
established in the Groundwater Quality Standards (N.J.A.C. 7:9-6) 
and are based on the prevailing Safe Drinking Water Act regulations 
in N.J.A.C. 7:10-l & seq.. 
under the provision of S-1070. 

These standards are still applicable 
The standards for radionuclides are 

4 mrem/yr for beta and gamma 
emitters. 

emitters and 5 pCi/L for alpha 

In order to determine the soil concentrations that would 
result in these incremental background doses, we have reviewed dose 
conversion factors (DCF) using the available literature for each 
pathway. The DCF is the dose received from a given pathway for 
each pCi/g of a radionuclide in the soil. The allowed soil 
concentration for a radionuclide is calculated by dividing the 
incremental dose for each pathway by the DCF. The most restrictive 



pathway was then used to determine the acceptable soil 
concentration. This method was followed 'for each individual 
radionuclide subchain. However, in order to account for ingrowth 
of progeny, certain subchains had to be combined. 
fractions 

The sum of the 1 
rule was used to determine the acceptable soil 

concentrations considering this ingrowth. From this analysis, the 
need for clean cover to achieve acceptable gamma radiation,levels 
became evident. 

In addition, since most naturally occurring radionuclides have 
long half-lives, we could not assume that the covered material 
would remain undisturbed for the length of time required for these 
radionuclides to decay to allowable levels. For this reason, we 
also analyzed a "disruptive scenario". This scenario assumes that 
a basement for a house or building would be excavated on the 
contaminated site and that the excavated material would be mixed 
and brought to the surface. As necessary we adjusted the allowed 
concentration levels downward to account for the impacts of the 
disruptive scenario. To achieve adequate mixing, the need to 
restrict the thickness of the contaminated zone - for near surface 
burials - arose. 

Taking all of these factors into account, Table 1 displays the 
allowed incremental (in addition to what is present in natural 
soil) soil concentration levels for certain‘nuclides of interest. 

Table 1 

Preliminary 
Allowed Incremental Soil Concentration Levels 

To Meet Established Background' 
(W/g) 

Residential Use Nonresidential Use 

Ra-226 3 6 

Pb-210 3 6 

Th-232 3 6 

Ra-228 3 6 

Th-228 3 6 

U-238 4 7 

1 Assumes at least one foot of cover placed on material and 
thickness of contaminated zone less than about 4 feet (for near 
surface burial). 

The nonresidential use levels also meet the incremental doses 
outlined above: 6 mrem/yr external gamma, 3 pCi/L indoor radon, 10 



c 

mrem/yr internal and 4 mrem/yr groundwater. However, in deriving 
the nonresidential allowed soil concentration, we used different 
occupancy factors, and eliminated the child soil ingestion and crop 
ingestion pathways. Preliminary results indicate that the allowed 
concentration levels for the nonresidential scenario to be about I- - 
twice that for the residential. 

I would emphasize that these cleanup numbers for both 
residential and non-residential use scenarios are preliminary. We 
are in the process of reevaluating and refining the dose conversion 
factors and certain assumptions used in deriving the clean-up 
levels, however, the "background" approach and the pathway analysis 
used will likely remain as is. 

- 

- 

We are aware that remediating sites contaminated with large 
volumes of radioactive material to within the levels required by S- 
1070 through removal to of f-site 
facilities may result in 

radioactive waste disposal 
costs that are beyond the financial 

resources of the responsible party. Therefore, we are 
investigating potential alternatives to this method of disposal 
such as on-site mixing, use of these materials in road 
construction, removal to industrial landfills, deeper burial on- 
site or a combination of these options. 

I hope this material and effort we have put into this is of 
some use to you. If you have any questions or suggestions, please 
feel free to write or call me on (609) 987-2101. 

Sincerely, 

a74 c-zL-?J 
Bob Stern, Ph.D., Chief 
Bureau of Environmental Radiation 

Enclosures 
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Exhibit 1: Radioactive Decay Chains Itkiuded in HEAST Tables 4A and 4B* I 
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