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Outline of Regulatory Support for Removal of Background Radiation When Calculating Applicable Radiation Levels



This outline provides highlights of research undertaken to find examples of regulations and administrative guidance materials that allow for the removal of background radiation when calculating acceptable radiation levels.  Areas of focus included waste disposal regulations, TENORM disposal regulations, general state radiation regulations, and radiological remediation regulations.  
I. DEFINITION OF TENORM

A. Suggested State Regulations for Control of Radiation (“SSRCR”) promulgated by Conference of Radiation Control Program Directors (“CRCPD”)[footnoteRef:1]   [1:  CRCPD is a non-profit, non-governmental entity dedicated to radiation protection.  CRCPD’s primary goal is to assure that radiation exposure to individuals is kept to the lowest practical level, while not restricting the beneficial uses of radiological materials.
] 


SSRCR, Part N, Section 3 (Definitions)
“Technologically Enhanced Naturally Occurring Radioactive Material” means naturally occurring radioactive material whose radionuclide concentrations are increased by or as a result of past or present human practices.  TENORM does not include background radiation or the natural radioactivity of rock or soils.  TENORM does not include “source material” and “byproduct material” as both are defined in the Atomic Energy Act of 1954, as amended (AEA 42 USC § 2011 et. seq.) and relevant regulations implemented by the NRC.

B. State Regulations
Example (Ohio Administrative Code, OAC Ann. 3701:1-43-01(H)):  “TENORM does not include drill cuttings, or natural background radiation.  TENORM does not include background radiation or the natural radioactivity of rocks or soils.” [footnoteRef:2] [2:  States with a similar regulation:  ND, ME, NE, VA, CO, OH, MI.] 

II. Doses – Information on doses, including occupational and public doses, arise in the context of general radiation statutes, specifying broad guidelines for radiation use and protections in the state.[footnoteRef:3]  Frequently, these statutes contain a purpose and scope section explaining that the regulations were designed to address radiation sources excluding background radiation.[footnoteRef:4] [3:  See, e.g., Nebraska Admin. Code Title 180, Ch. 4 (Standards for Protection Against Radiation); Ala. Admin. Code r. 420-3-26-.03(1), (2) Ga. Comp. R. & Regs. R. 391-3-17-.03 (Standards for Protection Against Radiation).
]  [4:  See, e.g., Nebraska Admin. Code Title 180, Ch. 4 (Chapter 4, titled “Standards for Protection of Radiation,” has a scope and authority section specifying that regulations in the chapter are “designed to control the receipt, possession, use, transfer, and disposal of sources of radiation by any licensee or registrant so the total dose to an individual, including doses resulting from all sources of radiation other than background radiation, does not exceed the standards for protection against radiation prescribed in [the chapter]”); Ala. Admin. Code r. 420-3-26-.03 (specifically excluding background radiation from the scope and purpose of the regulations); Ga. Comp. R. & Regs. R. 391-3-17-.03.
] 


A. Occupational Dose – Occupational dose is the internal and external dose of ionizing radiation received by workers during employment. Exposure commonly occurs in employment areas such as fuel cycle facilities, industrial radiography, nuclear medicine, and nuclear power plants.  

Final Rule, Standards for Protection Against Radiation – under the Nuclear Regulatory Commission (“NRC”) regulations, “occupational dose” is defined as the dose received by an individual in a restricted area or in the course of employment in which the individual's assigned duties involve exposure to radiation and to radioactive material from licensed and unlicensed sources of radiation, whether in the possession of the licensee or other person. Occupational dose does not include dose received from background radiation, as a patient from medical practices, from voluntary participation in medical research programs, or as a member of the general public.  10 CFR 20.1003.[footnoteRef:5] [5:  See also 25 Pa. Code § 219.5 (incorporating the NRC requirements of 10 CFR Part 20 by reference).  Therefore, “occupational dose” under PA law also excludes background dose.  Other states with similar regulations:  SC, ME, GA, LA, NE, OR, FL, IL, NM, NY, TN, WA, VA, TX, WV, AZ, CO, DE, RI, AL.] 


B. Public Dose – Public dose refers to the dose of ionizing radiation received by members of the public outside of their scope of employment.  

1. NRC Regulations - “Public dose” is defined to mean “the dose received by a member of the public from exposure to radiation or the radioactive material released by a licensee, or to any other source of radiation under the control of a licensee.  Public dose does not include occupational dose or doses received from background radiation, from any medical administration the individual has received, from exposure to individuals administered radioactive material and released under § 35.75, or from voluntary participation in medical research programs.”  10 CFR 20.1003 (emphasis added).  

2. State Regulations – Example:  Nebraska Admin. Code Title 180, Ch. 4 (“Public dose means the dose received by a member of the public from exposure to sources of radiation released by a licensee or registrant, or to any other source of radiation under the control of a licensee or registrant. Public dose does not include occupational dose or doses received from background radiation...  (emphasis added) [footnoteRef:6] [6:  States with a similar regulation: PA, SC, UT, ME, GA, NE, OR, FL, NM, NY, TN, WA, VA, TX, WV, AZ, CO, DE, OH, RI, AL.
] 


III. Residual Radioactivity - Residual radioactivity refers to nuclear radiation and radiation created and dispersed by various activities.

A. Federal Regulations – Residual radioactivity means radioactivity in structures, materials, soils, groundwater, and other media at a site resulting from activities under the licensee's control. This includes radioactivity from all licensed and unlicensed sources used by the licensee, but excludes background radiation. It also includes radioactive materials remaining at the site as a result of routine or accidental releases of radioactive material at the site and previous burials at the site, even if those burials were made in accordance with the provisions of 10 CFR Part 20.  10 CFR 20.1003 (emphasis added).

B. State Regulations – Example (S.C. Code Regs. 61-63, Pt. III):  Residual radioactivity means radioactivity in structures, materials, soils, groundwater, and other media at a site from activities under the licensee’s control. This includes radioactivity from all licensed and unlicensed sources used by the licensee but excludes background radiation.  It also includes radioactive materials remaining at the site as a result of routine or accidental releases of radioactive material at the site and previous burials at the site, even if those burials were made in accordance with this Regulation.[footnoteRef:7]  [7:  States with a similar regulation: SC, UT, ME, GA, NE, OR, NJ, FL, IL, NM, TN, VA, TX, AZ, CO, DE, OH, RI, AL.] 


IV. Other State Regulations – As outlined in the attached document, state remediation programs vary in how they address background radiation, although many examples are provided demonstrating that background radiation is often excluded when determining acceptable remediation levels.  

Representative examples of state radiological regulations with provisions that address background radiation include:  

1. Pennsylvania: Radiation monitoring in “non-captive residual waste disposal impoundments” set to a specific standard above background.
2. New Jersey: “Uncontaminated surface soil” is soil whose average natural background radionuclide total concentrations are less than the remediation standards for radionuclides, but that can exceed the background established for the site by up to two standard deviations.
3. Michigan: Regulations on radium define and exclude natural background.
4. Maine:  Total dose to persons excludes background.
5. Oregon: Total yearly dose excludes background.


Attachment

Regulatory Excerpts

A. Generally Applicable Remediation Standards for Conventional Contaminants

1. Connecticut
Sec. 22a-133k-2.  Standards for soil remediation 

(a) General. Unless otherwise specified in sections 22a-133k-1 through 22a-133k-3, inclusive, of the Regulations of Connecticut State Agencies, polluted soil at a release area shall be remediated to a concentration which meets (1) (A) the direct exposure criteria set forth in subsection (b) of this section or alternative direct exposure criteria established in accordance with subdivision (2) or subdivision (7) of subsection (d) of this section; and (B) the pollutant mobility criteria set forth in subsection (c) of this section or alternative pollutant mobility criteria established in accordance with subdivision (3) or (5) of subsection (d) of this section; or (2) the background concentration for soil provided notice has been submitted to the Commissioner which notice shall be submitted on a form furnished by the Commissioner and shall include a brief description of the subject release area and of the general characteristics of soils in the vicinity of such release area; a map showing the location of such release area, and based on reasonable inquiry of other release areas in the vicinity thereof, and of all soil samples taken for the purpose of characterizing background concentration for soil; and the results of all laboratory analyses of such samples.

2. Illinois
35 Ill. Adm. Code 742.110.  Overview of Tiered Approach (to Remediation)

a) This Part presents an approach for developing remediation objectives (see Appendix A, Illustrations A and B) that include an option for exclusion of pathways from further consideration, use of area background concentrations as remediation objectives and three tiers for selecting applicable remediation objectives. An understanding of human exposure routes is necessary to properly conduct an evaluation under this approach. In some cases, applicable human exposure routes can be excluded from further consideration prior to any tier evaluation. Selecting which tier or combination of tiers to be used to develop remediation objectives is dependent on the site-specific conditions and remediation goals. Tier 1 evaluations and Tier 2 evaluations are not prerequisites to conducting Tier 3 evaluations.

b) A Tier 1 evaluation compares the concentration of contaminants detected at a site to the corresponding remediation objectives for residential and industrial/ commercial properties contained in Appendix B, Tables A, B, C, D, G, H, and I. To complete a Tier 1 evaluation, the extent and concentrations of the contaminants of concern, the groundwater class, the land use classification, human exposure routes at the site, and, if appropriate, soil pH, must be known. If remediation objectives are developed based on industrial/commercial property use, then institutional controls under Subpart J are required. 

c) A Tier 2 evaluation uses the risk based equations from the Soil Screening Level (SSL) Model Risk Based Corrective Action (RBCA) documents listed in Appendix C, Tables A, C, and L , respectively. In addition to the information that is required for a Tier 1 evaluation, site-specific information is used to calculate Tier 2 remediation objectives. As in Tier 1, Tier 2 evaluates residential and industrial/commercial properties only. If remediation objectives are developed based on industrial/commercial property use, then institutional controls under Subpart J are required. 

d) A Tier 3 evaluation allows alternative parameters and factors, not available under a Tier 1 or Tier 2 evaluation, to be considered when developing remediation objectives. Remediation objectives developed for conservation and agricultural properties can only be developed under Tier 3.

e) Remediation objectives may be developed using area background concentrations or any of the three tiers if the evaluation is conducted in accordance with applicable requirements in Subparts D through I. When contaminant concentrations do not exceed remediation objectives developed under one of the tiers or area background procedures under Subpart D, further evaluation under any of the other tiers is not required.

3. New Mexico
New Mexico Administrative Code, § 20.6.3.7 (Definitions); § 2.6.3.10 (Performance Standards)
DEFINITIONS
B. "background" means, for purposes of the voluntary remediation program only and for no other purposes in this Part and any other regulations, including but not limited to surface water standards, the amount of contaminants naturally occurring from undisturbed geologic sources or contaminants which the participant establishes are occurring solely from a source other than the participant's facility. This definition does not apply to any other program area in the department, nor shall this definition be interpreted as applicable to any other program area, and this definition shall not prevent the secretary from requiring remediation of commingled plumes of pollution, shall not prevent participants from seeking contribution or other legal or equitable relief from other persons, and shall not preclude the secretary from exercising enforcement authority under any applicable statute, regulation or common law.

PERFORMANCE STANDARD AND ASSOCIATED REQUIREMENTS
B. If applicable standards are prescribed by law or regulation, voluntary remediation activities shall achieve applicable standards. Where applicable standards are not prescribed by law or regulation, voluntary remediation activities shall be performed in order to achieve a final site condition such that no contaminant will present a significant risk of harm to human health, safety, or the environment during any foreseeable period of time. Such level of cleanup shall be attained by reducing the risk from exposure to individual carcinogens or suspected carcinogens to an individual lifetime cancer risk of less than one cancer incident in 100,000 exposed persons (1 X 10 E-5); and by reducing the risk from exposure to individual noncarcinogenic contaminants to a hazard quotient of less than 1. In order to achieve this performance standard, the applicant may evaluate the risk of harm posed by the site to human health, safety, or the environment by employing one of three general methods:

(1) Method 1: comparison of site concentrations to site-specific background concentrations; 
4. Tennessee
Tenn. Comp. R. & Regs. R. 0400-15-01-.08.  Remediation Goals

(2)  General
These rules provide two basic approaches for establishment of preliminary remediation goals associated with the remedial investigation in part (2)(a)2 of Rule 0400-15-01-.09. These approaches include the determination of Applicable or Relevant and Appropriate Requirements (ARARs) and Background Concentrations. Preliminary remediation goals may be used to determine whether the Department currently considers a specific concentration of a contaminant as an unreasonable risk to public health, safety, or the environment (e.g., water quality criteria based on protection of aquatic organisms in surface water) or to help evaluate whether an exposure pathway for a specific contaminant is of concern (e.g., whether a specific concentration of a contaminant in soil has potential to leach to ground water). Preliminary remediation goals developed through the review of ARARs and background concentrations may be used to determine if the concentrations of hazardous substances are a regulatory concern, or as remediation goals for interim actions. If a Feasibility Study is required for the evaluation of alternative clean-up actions under paragraph (3) of Rule 0400-15-01-.09, then a risk assessment as specified in paragraph (5) of this rule is to be included in the feasibility study. 

(4)  Background Concentrations
Responsible parties shall establish background concentrations of the contaminants at the site. Background contaminant levels for the media of concern must be determined in a similar area, in close proximity, and, to the extent possible, in an area unaffected by a site or contamination. This background may be a natural background in relatively non-industrialized or non-commercial areas or control background in industrialized or commercial areas where natural background concentrations are not attainable due to long term industrial or commercial activities. Where background concentrations protect public health, safety, and the environment, remediation goals will not be established by the Department less than the corresponding natural background or control background levels. If the Department has reason to suspect background concentrations do not protect public health, safety, and the environment, the Department may require the liable party to assess the risk posed by background concentrations of the hazardous substance.

(a)  Natural background levels shall be determined by one of the following methods or other methods approved by the Department:
· 1.  Utilization of publicly available historical data where the contaminant of concern is at naturally occurring levels and quality assurance/quality control documentation is available which demonstrates sample reliability;
· 2.  Establishment of the geometric mean of site background through sampling and analytical analysis; or
· 3.  The medium-specific practical quantitation limit, if a background concentration is not quantifiable.

(b)  Control background shall be determined by one of the following methods or other methods approved by the Department:
· 1.  Establishment of the geometric mean of site background through sampling and analytical analysis; or
· 2.  The medium-specific practical quantitation limit, if a background concentration is not quantifiable.

These rules allow for final remediation goals to be established, subject to Department approval, using either ARARs, background concentrations, a site-specific risk assessment or a combination of ARARs, background concentrations, and a site specific risk assessment.

5. Virginia 
9VAC20-160-90.  Remediation Regulations

B.  Remediation levels based on human health shall be developed after appropriate site characterization data have been gathered as provided in 9VAC20-160-70. Remediation levels may be derived from the three-tiered approach provided in this subsection. Any tier or combination of tiers may be applied to establish remediation levels for contaminants present at a given site. 

(1) Tier I remediation levels are based on media background levels.  These background levels shall be determined from a portion of the property or a nearby property or other area as approved by the department that have not been impacted by the contaminants of concern. 

(3) Tier III remediation levels are based upon site-specific assumptions about current and potential exposure scenarios for the population or populations of concern-and characteristics of the affected media and can be based upon a site-specific risk assessment.  Land-use controls can be considered.  

B. Other State Regulations Relating to Radiation

1. Pennsylvania 
25 Pa. Code § 289.230.  Radiation monitoring and response for noncaptive residual waste disposal
(c)  Radiation detector elements shall be as close as practical to the waste load and in an appropriate geometry to monitor the waste. The radiation monitoring system shall be set to alarm at a level no higher than 10 microroentgen per hour (uR/hr) above the average background at the facility when any of the radiation detector elements is exposed to a Cesium-137 gamma radiation field. Radiation detector elements shall be shielded to maintain the average background below 10 uR/hr. If capable of energy discrimination, the radiation monitoring system shall be set to detect gamma rays of a 50 kiloelectron volt (keV) energy and higher.
Section 288.201. Basic limitations

Subsection (h) lists three categories of radioactive materials that are prohibited from being accepted at a residual waste landfill unless approved in writing by the Department and the disposal does not endanger the environment, facility staff or public health and safety, including TENORM.
As described by the Pennsylvania DEP in promulgating amendments to the residual waste regulations to add this provision:  “Paragraph [(h)(2) addresses TENORM, which is naturally occurring radioactive material which has been altered by human activity in a manner that results in increased radiation exposure to people. The alteration could be a chemical or physical change in form, relocation of the norm, or removal of barriers that isolated the norm. The Department's intent is to authorize disposal of TENORM in landfills only in amounts and concentrations that will not result in concentrations of the NORM isotopes significantly above local background. Authorization will be given as case-by-case permission from the Area Health Physicists or Director of the Bureau of Radiation Protection, or advance authorization in the landfill’s approved action plan.  31 Pa.B. 235 (Jan. 13, 2001).  

“Background standard” is defined as a numerical value as determined under section 302 of the Land Recycling and Environmental Remediation Standards Act (35 P. S. § 6026.302) and § 250.202 (relating to establishing background concentrations).  25 Pa. Code § 287.1.
2. Maine 
CMR 10-144-220.  Radiation Protection.

Section 1001.  Purpose.  

The requirements of Part D are designed to control the receipt, possession, use, transfer, and disposal of sources of radiation by any licensee or registrant so the total dose to an individual, including doses resulting from all sources of radiation other than background radiation, does not exceed the standards for protection against radiation prescribed in Part D. However, nothing in Part D shall be construed as limiting actions that may be necessary to protect health and safety.

3. Oregon 
Or. Admin. R. 333-120-0180.  Dose Limits for Individual Members of the Public
(1) Each licensee or registrant must conduct operations so that:

(a) The total effective dose equivalent to individual members of the public from the licensed or registered operation does not exceed one mSv (0.1 rem) in a year, exclusive of the dose contributions from background, from any medical administration the individual has received, from exposure to individuals administered radioactive material and released in accordance 
with 333-116-0260, from voluntary participation in medical research programs, and the licensee's disposal of radioactive material into sanitary sewerage in accordance with OAR 333-120-0520. 
4. New Jersey
N.J.A.C. 7:28-12.3.  Definitions

"Uncontaminated surface soil" means soil whose average natural background radionuclide total concentrations are less than the remediation standards for radionuclides, and cannot exceed the background established for the site by more than two standard deviations.

5. Michigan
S.B. 1035, 97th Leg. (MI 2014)

The following is a proposed amendment to the Michigan’s Natural Resources and Environmental Protection Act:  
(1) The owner or operator of a landfill shall not accept for transfer or disposal technologically enhanced naturally occurring radioactive material if that material contains or is contaminated with radium-226, radium-228, or any combination of radium-226 and radium-228 at concentrations equal to or greater than 5 picocuries per gram above the natural background. 

(2) The owner or operator of a landfill may receive and process for purpose other than transfer or disposal technologically enhanced naturally occurring radioactive material that contains or is contamination with radium-226, radium-228, or any combination of radium-226 and radium-228 at concentrations equal to or greater than 5 picocuries per gram above the natural background if the owner or operator has obtained and maintains all other necessary authorizations.[footnoteRef:8]  [8:  See “Michigan TENORM Disposal Advisory Panel White Paper 2014-2015” for what levels of radium can be authorized for disposal in Michigan’s landfills. ] 


(3) The director may promulgate rules governing the receipt, acceptance, processing, handling, management, and disposal by landfills of material that contains or is contaminated with radioactive material, including, without limitation, technologically enhanced naturally occurring radioactive material that contains or is contaminated with radium-226, radium-228, or any combination of radium-226 and radium-228 at concentrations less than 5 picocuries per gram above natural background.  Rules adopted by the director may include, but need not be limited to, any of the following: 

(a) Monitoring requirements that the owner or operator of a landfill monitor leachate and groundwater for radium-226, radium-228, and other radionuclides. 

(b) Requirements that the owner or operator of a landfill develop procedures to ensure that technologically enhanced naturally occurring radioactive material accepted at the landfill neither contains nor is contaminated with radium-226, radium-228, or any combination of radium-226 and radium-228 at concentrations equal to or greater than 5 picocuries per gram above natural background.  

(4) Notwithstanding any other provision of this section, the owner or operator of a landfill shall not receive, accept, process, handle, manage, or dispose of technologically enhanced naturally occurring radioactive material associated with drilling operations without first obtaining representative analytical results to determine compliance with subsections (1) and (2).

(5) As used in this section:

(a) “Drilling operations” means all of the physical and mechanical aspects of constructing a well for oil or gas exploration or production, injections of fluids associated with oil or gas production, or storage of natural hydrocarbons or liquefied petroleum gas derived from oil or gas. 

(b) “Natural background” means 2 picocuries per gram or the actual number of picocuries per gram as measured at an individual landfill, subject to verification by the director. 

(c) “Technologically enhanced naturally occurring radioactive material” means naturally occurring radioactive material with radionuclide concentrations that are increased by or as a result of past or present human activities.  Technologically enhanced naturally occurring radioactive material does not include drill cuttings, natural background radiation, by-product material, or source material. 
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