
Radiological Characterization Methodologies

INTRODUCTION

The diverse nature of the research performed at PNWD generates an extremely wide variety of waste types and radioactive material mixtures.  As a result, considerable flexibility is required to implement appropriate, cost-effective radiological characterization methodologies.  This exhibit describes, in general terms, acceptable characterization methods for use by PNWD waste generators.  

The methods used for a given laboratory or generating process are documented on a Radioactive Waste Characterization Worksheet.  This exhibit provides general criteria for determining the appropriate characterization methods for a given waste stream.  

ACCEPTABLE KNOWLEDGE

The term acceptable knowledge refers to characterization data of sufficient quality to properly manage a waste stream in compliance with applicable requirements and limits (e.g., transportation limits, facility inventory limits, disposal limits).  Depending on the waste stream characteristics and how the waste stream will be treated and disposed, acceptable knowledge may be obtained from process knowledge, various types of analysis, or a combination of process knowledge and analysis.  At a minimum, acceptable knowledge identifies the major radionuclides in the waste stream and quantifies those radionuclides.  

A graded approach is used to determine the appropriate quantity and quality of characterization data to provide acceptable knowledge for a given waste stream.  Waste streams with radionuclide concentrations well below any applicable transportation, storage and disposal limits can be characterized by relatively simple methods.  More rigorous analysis is typically required for waste streams that approach or exceed limits.  When analysis data are required to characterize a waste stream, the graded approach also helps determine the frequency and type of analysis performed.  The variability of the waste stream should be considered when determining the frequency of analysis.  Use of the graded approach helps avoid both inadequate characterization and excessive characterization, each of which is inefficient and potentially expensive.

CHARACTERIZATION METHODS

This section describes the most common radiological characterization methods, along with their uses and limitations.  Table 1 provides a brief summary of these methods.

Process Knowledge

Description and uses

From a radiological perspective, process knowledge refers to information about the identity and/or quantity of radioactive material in a waste stream based solely on knowledge of the materials and the generating process.  It specifically excludes methods involving any measurements to determine radionuclide quantities subsequent to waste generation. 

The following types of process knowledge can be used for radiological characterization.  Often, several types of process knowledge are used together or in conjunction with some analysis data for waste stream characterization.

· Laboratory records.  For laboratory waste streams, laboratory records can provide information regarding the identity and/or quantity of radionuclides.  Any documented information can be used, including laboratory procedures, logbooks, or worksheets.

· Facility operating records and historical documents.  For facility waste streams (e.g., waste from maintenance or renovation activities), records of facility operations can provide information on the potential radionuclides and their respective quantity in the facility.  These types of records include facility safety analysis documents, facility history documents, Radiological Work Permits, Radiological Survey Reports, facility inventories, and other records.

· Vendor-provided information.  Vendors typically provide detailed radiological information on all purchased radioactive materials, including radiolabled compounds, laboratory standards, and naturally occurring radioactive materials.  This information may be documented on Material Safety Data Sheets (MSDS), vendor assay data sheets, or other vendor records.

· Client-provided sample information.  For analytical work, clients are generally required to provide information on the radioactive material potentially present in the sample based on their knowledge of the sample source.  While this information typically is not quantitative, client-provided information often can be used to identify the possible radionuclides in the sample and the relative distribution of radionuclides.

· Other reports and information.  Any other relevant, documented information that describes the identity or quantity of radionuclides associated with a waste generating process can be used as part of the waste stream radiological characterization, such as Radioactive Shipment Reports or sealed source inventories.

Requirements and limitations

· All process knowledge must be documented and retrievable for future reference.

· When used to establish the quantity or concentration of radionuclides in a waste stream, the rationale for determining the radionuclide quantity or concentration must be clearly documented.

Radioactive Material Accountability

Description and use

Radioactive material accountability refers to the direct measurement of mass or volume of known quantities of radioactive material into a waste stream.  Examples of radioactive material accountability include weighing uranium metal to be discarded and measuring the volume of a solution of a radioactive material of known concentration to be added to a process.

Requirements and limitations

· The radionuclide concentration(s) in the material must be known.

· Additions of the radioactive material to the generating process or waste stream must be carefully tracked and documented.  Documentation can be in laboratory logbooks, Waste Inventory Sheets, or other appropriate, controlled records, and must be retrievable.

Radiochemical Analysis

Description and use

Radiochemical analysis can be used alone or in conjunction with other methods of radiological characterization.  It can be used to determine the concentration of radionuclides in the waste stream and to develop scaling factors to be used with other characterization methods.  

Standard laboratory analysis methods are available for many, but not all, of the major radionuclides in PNWD waste streams.  Many radionuclides are difficult to detect in the laboratory, requiring complex preparatory procedures.  Other radionuclides are essentially impossible to detect or cannot be detected at sufficiently low levels to be useful for characterization.  Prior to requesting analysis, analytical laboratory staff must be consulted to determine whether the required detection limit can be met and the type and quantity of sample required.

Laboratory methods include gross activity methods (e.g., gross alpha), which are unable to distinguish between radionuclides, and methods that quantify specific isotopes (e.g., gamma energy analysis).  Gross activity methods are useful when the major radionuclides and their relative distributions are known from process knowledge.  It is important to note that gross methods are not capable of detecting all radionuclides.  Additionally, gross methods may detect different radionuclides with different efficiencies, so knowledge of the radionuclide distribution is essential for the use of gross methods.

In the absence of specific process knowledge, radionuclide-specific analyses can be used for those isotopes for which standard analysis methods exist.  Examples include gamma energy analysis, alpha energy analysis, and procedures that chemically separate radionuclides prior to counting (e.g., Sr-90 analysis).

Table 2 lists some of the most commonly encountered radionuclides and the applicable radiochemical analysis methods.

Requirements and limitations

· The selection of radionuclide analytes must be determined from process knowledge.

· The sampling methodology must be documented to provide a representative sample for analysis.

· The analysis method must provide adequate detection limits to characterize the waste stream.  The minimum detection level for the expected radionuclides must be known.

· If gross methods are used, the instrument calibration and efficiency must be understood and accounted for in use of the data.

Nondestructive Assay

Description and use

Nondestructive assay (NDA) can be used to quantify gamma and neutron-emitting radionuclides in packaged waste (e.g., drums, other standard-geometry containers).  NDA cannot detect very low energy gamma rays, beta radiation or alpha radiation.

· Gamma assay can quantify high-energy gamma-emitting radionuclides (e.g., Co-60, Cs-137, Eu-154).  It can also quantify relatively low energy gamma-emitting radionuclides (e.g., Np-237, Am-241) in the absence of high-energy gamma-emitting radionuclides.  The quality of gamma NDA varies depending on the geometry of the waste container, density of the waste, distribution of the radioactive material in the waste, shielding used, and other factors. 

· Neutron NDA measures total neutron emissions (e.g., from spontaneous neutron emission of Pu-240 or Cm-244), which can be used to quantify known mixtures of transuranic radionuclides when the relative distribution of those radionuclides can be established from process knowledge.  The usefulness of neutron NDA depends on good process knowledge regarding the radionuclide distribution, knowledge of the waste matrix composition, and other factors.

Requirements and limitations

· Alpha, beta and low-energy gamma-emitting radionuclides cannot be measured directly by NDA.  Radionuclides not detectable by NDA must be calculated by other methods, such as scaling factors.

· Waste must be in drums or other standard containers for which the NDA system has been calibrated.

· Extreme heterogeneity and shielding can invalidate or bias NDA results.

· For neutron assay, the distribution of transuranic radionuclides must be known.

· The minimum detection levels must be known for the expected radionuclides in the waste.

Field Contamination Survey Methods

Description and use

Field contamination surveys using standard radiological control instruments can be used to quantify the radioactive material present on surfaces.  Beta-gamma contamination is most easily measured, but alpha contamination surveys can also be used under some circumstances.  Beta-gamma contamination can be measured directly or by smear sampling.  Alpha contamination should only be measured by smear sampling because alpha particles are easily attenuated by materials on the surface. 

The radionuclide concentration is typically reported as surface contamination in disintegrations per minute per unit surface area.  Instrument correction factors for the radionuclide mixture and the total surface area of the waste are used to calculate the total inventory.

Requirements and limitations

· Essentially all of the radioactive material on the waste must be surface contamination.

· Representative contaminated surfaces must be capable of being surveyed (i.e., no highly-contaminated inaccessible surfaces).

· The total surface area of the debris must be known.

· The relative distribution of the radionuclides must be known through process knowledge or analysis.

· The instrument response to the radionuclide mixture must be accounted for.

· Field contamination surveys must be documented on a Radiological Survey Report or other controlled records.

Dose-to-Curie Calculations

Description and use

Dose-to-curie calculations use dose rate measurements to back-calculate a gamma-emitting radionuclide inventory using dose modeling software, such as Microshield or Monte-Carlo N-Particle (MCNP) software.  This method is applicable only to waste streams having a significant quantity and known distribution of high-energy gamma-emitting radionuclides.  
Like gamma NDA, the quality of these calculations varies depending on the geometry of the waste container, density of the waste, distribution of the radioactive material in the waste, shielding used, and other factors.

Requirements and limitations

· This method can only detect gamma-emitting radionuclides.

· The relative distribution of gamma-emitting radionuclides must be known.

· Extreme heterogeneity and shielding can invalidate or bias results.

· Radionuclides other than high-energy gamma emitters must be calculated by other methods, such as scaling factors.

Development of Scaling Factors

Description and use

Scaling factors can be developed when the quantity of one or more radionuclides can be inferred from another radionuclide.  Scaling factors are often used when some of the radionuclides are difficult or impossible to measure using NDA or radiochemical methods.  

Scaling factors typically are developed from documented process knowledge or radiochemical analysis. 

Requirements and limitations

· A plausible relationship must exist between the radionuclides.

· The radionuclide mixture must be relatively consistent in the waste stream.

Table 1. Radiological Characterization Methods, Uses and Limitations

	Method
	Appropriate Applications
	Method Limitations

	Process knowledge
	· Characterization of low activity waste streams

· Characterization of highly controlled laboratory processes where the radiological activity can be inferred with sufficient precision and accuracy

· Estimation of the quantity of radionuclides that cannot be detected by available analysis methods
	· All process knowledge must be documented and retrievable for future reference.

· When used to establish the quantity or concentration of radionuclides in a waste stream, the rationale for determining the radionuclide quantity or concentration must be clearly documented.

	Material accountability
	· Characterization for processes in which the radioactive material is carefully measured (i.e. by mass or volume) and tracked

· Characterization for discard of bulk radioactive material, such as uranium metal
	· The radionuclide concentration(s) in the material must be known.

· Additions of the radioactive material to the generating process or waste stream must be carefully tracked and documented.  Documentation can be in laboratory logbooks, Waste Inventory Sheets, or other appropriate, controlled records, and must be retrievable.

	Radiochemical analysis
	· Quantification of radionuclides in liquids and sampleable homogeneous solids

· Determining the distribution of radionuclides in a waste stream (e.g., establishing scaling factors)
	· The selection of radionuclide analytes must be determined from process knowledge.

· The sampling methodology must be documented provide a representative sample for analysis.

· The analysis method must provide adequate detection limits to characterize the waste stream.  The minimum detection level for the expected radionuclides must be known.

· If gross methods are used, the instrument calibration and efficiency must be understood and accounted for in use of the data.

	Nondestructive assay
	· Quantifying high-energy gamma emitting radionuclides in standard waste packages

· Quantifying lower-energy gamma emitting radionuclides in standard waste packages when high-energy gamma emitting radionuclides are not present

· Quantifying transuranic radionuclides when the distribution of isotopes is known.
	· Alpha, beta and low-energy gamma-emitting radionuclides cannot be measured directly by NDA.  Radionuclides not detectable by NDA must be calculated by other methods, such as scaling factors.

· Waste must be in drums or other standard containers for which the NDA system has been calibrated.

· Extreme heterogeneity and shielding can invalidate or bias NDA results.

· For neutron assay, the distribution of transuranic radionuclides must be known.

· The minimum detection levels must be known for the expected radionuclides in the waste.

	Field contamination survey
	· Determining the total activity of surface-contaminated non-porous debris
	· Essentially all of the radioactive material on the waste must be surface contamination.

· Representative contaminated surfaces must be capable of being surveyed (i.e., no highly-contaminated inaccessible surfaces).

· The total surface area of the debris must be known.

· The relative distribution of the radionuclides must be known through process knowledge or analysis.

· The instrument response to the radionuclide mixture must be accounted for.

· Field contamination surveys must be documented on a Radiological Survey Report or other controlled records.

	Dose-to-curie calculation
	· Determining the activity of high-energy gamma emitting radionuclide mixtures in containers
	· This method can only detect gamma-emitting radionuclides.

· The relative distribution of gamma-emitting radionuclides must be known.

· Extreme heterogeneity and shielding can invalidate or bias results.

· Radionuclides other than high-energy gamma emitters must be calculated by other methods, such as scaling factors.

	Scaling factors
	· Establishing the activity distribution of radionuclide mixtures
	· A plausible relationship must exist between the radionuclides.

· The radionuclide mixture must be relatively consistent in the waste stream.


Table 2.  Radiochemical Analysis Methods.

	Radionuclide
	Gross Method
	Isotope-Specific Method

	H-3
	None
	H-3 by LSC

	C-14
	None
	C-14 by LSC

	Mn-54
	None
	GEA

	Co-60
	None
	GEA

	Sr-90
	Gross beta by proportional counting
	Sr-90 separation/proportional counting

	Tc-99
	None
	Tc-99 separation/LSC

	Cs-134
	None
	GEA

	Cs-137
	Gross beta by proportional counting
	GEA

	Eu-152
	None
	GEA

	Eu-154
	None
	GEA

	Eu-155
	None
	GEA

	U-234
	Total U (several methods)
	ICP/MS

	U-235
	Total U (several methods)
	ICP/MS

	U-238
	Total U (several methods)
	ICP/MS

	Np-237
	Gross alpha
	GEA (in absence of high energy gamma emitters)

	Pu-238
	Gross alpha
	AEA

	Pu-239
	Gross alpha
	AEA

	Pu-240
	Gross alpha
	AEA

	Am-241
	Gross alpha
	AEA

	Cm-244
	Gross alpha
	AEA


AEA – Alpha Energy Analysis

GEA – Gamma Energy Analysis
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