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  Argonne National Laboratory Was Established in 1946  

  Operated by UChicago Argonne, LLC for the U.S. Department of Energy 

 

Multidisciplinary science and engineering research center  

 

Pioneering research to help pave the way to a secure 

nation with a plentiful supply of safe, sustainable energy; a 

healthy environment; and a competitive economy.  

 

Environment Energy National 
Security 

 

CORE CAPABILITIES: 

 



Argonneõs Environmental Science Division Conducts 

Research on a Broad Array of Energy and Environmental 

Decision Making 
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Energy Transmission 

Hydropower 

Oil & Gas Development 

Nuclear Power 

Offshore 

Energy 

Renewable Energy 

Research Mission 

Á Conduct basic and applied research on how 
natural systems behave in response to 
change, and how to mitigate adverse 
change. 

Á Conduct science-based analyses of 
emerging environmental issues, with a 
focus on energy development. 

Á Support formulation of policies and 
regulations ensuring safe, environmentally 
responsible, and economically sustainable 
energy development. 
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Argonne Has Developed Computer Codes to Assess 

Radiological Risk 

Á The RESRAD code was developed with funding from the U.S. Department of 
Energy and U.S. Nuclear Regulatory Commission.  

Á It is used to develop site-specific guidelines for managing residual radioactive 
materials: 

ς Estimate radiation doses and cancer risks for future site users, 

ς Evaluate the effectiveness of various disposal and remediation actions in terms of 
limiting future radiation exposures, 

ς Evaluate uncertainty associated with key 
site and/or waste parameters, and 

ς Establish appropriate cleanup criteria from 
a risk-based perspective. 

Á Argonne also has developed the TSD-DOSE 
code to evaluate risk from specific 
treatment, storage, and disposal (TSD) 
activities. 

 RESRAD = RESidual RADioactivity 
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Argonne Has Studied the Management and Disposal of 

Petroleum Industry TENORM Wastes for Decades  

Á Initial work funded by the U.S. Department of Energy, starting in early 1990s 

Á Additional analyses conducted for other states and national and international 
oil companies 

Á Studies have covered: 

ς TENORM overview  

ς Dose and risk assessments 

ωEquipment decontamination and smelting 

ωLandspreading disposal 

ωUnderground injection 

ωSalt cavern disposal 

ωLandfill disposal 

ς Cost assessments 

ς Site characterization 

Á These studies have supported the development of TENORM policies and 
regulations, as well as company-specific TENORM management strategies. 

 



Study Objective  

Support the North Dakota Department of IŜŀƭǘƘΩǎ (NDDH) evaluation of issues 
associated with the management and disposal of TENORM.  

The study was structured with two separate parts. 

The objectives were to evaluate potential doses to workers and the general public 
resulting from:  

1. Disposal of TENORM wastes in permitted Industrial Waste and Special Waste 
Landfills in North Dakota. 
Á Transportation of TENORM to landfills 
Á Landfill operations 
Á Future use of the landfill property 

2. Oilfield activities involving TENORM 
Á Worker exposures from wellsite operations 
Á Accidental public exposures to mismanaged filter socks and proppants 
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Naturally Occurring Radioactive Material (NORM) is 

Present in our Environment  

Á Radionuclides occur naturally in air, water, and soil. 

Á Background radiation comes from  
ς Cosmic radiation 
ς Terrestrial radiation 
ς Internal radiation 

Á Background radiation levels vary by geographic location, depending upon local 
elevation and geology. 

Á Radionuclides also occur in food we eat, and in materials commonly present in our 
homes, offices, and schools. 
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Radioactivity in Foods 

A number of food items naturally contain 
potassium-40 and radium-226: 

 ÁBananas 

ÁCarrots 

ÁPotatoes 

ÁLima beans 

 

ÁRed meat 

ÁBrazil nuts 

ÁBeer 

ÁDrinking water 

 

Radioactivity in Consumer Products 

Many items in and around our homes, 
offices, and schools contain radionuclides: 

 ÁSmoke detectors 

ÁCompact 
fluorescent lights 

ÁWatches and 
clocks 

ÁCeramics 

ÁGlassware 

ÁFertilizers 

ÁGranite 
countertops 

 



What is TENORM? 

Á Some petroleum industry waste 
streams contain radioactive 
materials. 

Á These materials come from 
naturally occurring radionuclides 
present in underground rock 
formations from which oil and 
gas are produced. 

Á In some instances, these wastes 
contain radiation above 
background concentrations. 

Á These materials are referred to 
as technologically enhanced 
naturally occurring radioactive 
materials or TENORM. 
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Origins of TENORM and Where It May Accumulate 

Source: International Assoc. of Oil & Gas Producers, Report No. 412 (2008) 



Radionuclides of Concern in Petroleum Industry 

TENORM  
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Radiation Terminology  

Á Radiation is a type of energy that travels in 
waves or particles.  

Á Radioactivity is measured in units of pCi/g. 

Á When a person is exposed to radiation, the 
energy penetrates the body. 

Á Exposure is measured in dose units of mrem/yr. 

 

10 

North Dakota Public Meetings, January 2015 



Typical Radiation Exposure Levels for Common Activities (Source: 

NRC 2014) 
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The ICRP and  NCRP recommend 

an annual dose limit of 100 mrem/yr 

from non-background sources of 

radiation. 

ICRP = International Commission on Radiological Protection 
NCRP = National Council on Radiation Protection and Measurements  


