Low-Level and Transuranic Waste Generator Characterization Guidance
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1.0 Low-Level and Transuranic Waste Defined

Waste contaminated with low-level radioactive components only, or with radioactive components and non-RCRA regulated constituents is LLW. BNL may manage LLW or TRU waste with only non-RCRA regulated constituents as Mixed Waste, for the purpose of waste segregation, but such wastes are technically LLW or TRU wastes. Waste with transuranic (TRU) nuclides with atomic number greater than 92 with half-life greater than twenty (20) years, and in concentrations that are less than 100 alpha nanocuries per gram (nCi/g) are also considered LLW.  Waste with transuranic (TRU) nuclides with atomic number greater than 92 with half-life greater than twenty (20) years, and in concentrations that are equal to or greater than 100 alpha nanocuries per gram (nCi/g) are considered TRU waste.

All LLW and TRU waste must be characterized and accepted for transfer to a Waste Management (WM) facility and/or approved by WM for shipment to an off-site treatment, storage, or disposal facility (TSDF). Your characterization will allow WM to safely handle, segregate, store, treat, and ship your waste off-site for disposition. Waste that is not properly characterized may be subject to rejection by WM.

To determine if your waste needs to be sampled and analyzed for radionuclides and for absence of RCRA hazardous constituents, contact your Radioactive Waste Program ManagerEnvironmental Compliance Representative (ECR)

, or the WM Waste Management Representative

 (WMR),  for assistance.

A generator must know in advance that the process being used will create LLW or TRU waste, in accordance with BNL’s Work Planning and Control Management System Description, and as required by the Work Planning and Control for Experiments and Operations Subject Area. Contact your Environmental Compliance Representative (ECR)

 for assistance with planning work activities that may generate radioactive wastes.

Radionuclide Quantification

Activity in the waste may alternatively be determined by mass balance or calculating activation yields.  Mass balance may be used to calculate activity in a controlled process where all inputs and outputs of radioactive material are known.  For example, a small research project conducted in a laboratory hood may have detailed records of radioisotope inventory entering the hood and detailed logs of radioisotopes leaving the hood as products of the experiment. A conservative estimate of the activity in the waste could be obtained by mass balance (corrected for decay if necessary). If these methods were used to calculate activity, the Radioactive Waste Control Form (RWCF) or the Accountable Nuclear Material Waste Control Form (ANMWCF) must be submitted with an attachment detailing the utilized method. Backup information such as typical receiving reports, log book pages, and other substantiating material should form a traceable, auditable record.

If the waste item itself is a product of neutron activation (e.g., a reactor component), activity of the waste can be calculated using PK (neutron flux, exposure time, elemental composition of item, etc.) combined with a recognized computer code for activation calculations. Copies of supporting documentation must be attached to the RWCF/ANMWCF.

If the waste stream consists of discarded items that have been assayed or counted (e.g., samples from analytical laboratory, smears), waste stream activity would be the sum of individual components. Alternatively, the entire waste stream may be assayed using an approved method for the type of radioisotopes present. If these methods are chosen, the generator should provide the technique for counting or assaying and method for obtaining total activity as an attachment to the RWCF/ANMWCF, provide information about method and total activity, and maintain auditable records to support submitted information.

Characterization is performed using process knowledge, sampling and analysis, or direct measurement of the waste.  The choice of method to use usually depends on the characteristics of the radionuclides in the waste (i.e., depending on whether gamma, beta, or alpha emitters are present) and the waste material itself. It is not uncommon to use all three methods or a combination of the methods for characterizing waste.

2.0 Process Knowledge

LLW and TRU waste that is generated at BNL may be characterized by waste generators through their knowledge of the process that generated the waste. There are circumstances where the U.S. Environmental Protection Agency (EPA)/Ecology protocol sampling and analysis are not feasible or necessary for characterization of hazardous constituents (40 CFR 262.11, "Hazardous Waste Determination" [EPA 1987]). Under these circumstances, techniques that rely primarily on documented knowledge of raw materials, processes and material balances can be employed to characterize wastes. Such techniques may be employed when one or more of the following conditions are met.

· The waste stream is difficult to sample because of physical form. This primarily applies to pieces of metal (e.g., shielding) that contain hazardous constituents in their composition rather than as a residue that could be removed for testing or in a decontamination process.

· Sampling and analysis of the waste stream could result in unacceptable risks of radiation exposure [i. e., not consistent with the as low as reasonably achievable (ALARA) precept of the DOE].

· Waste is too variable to be characterized by one set of samples (e.g., drums containing contaminated protective clothing, rags, and absorbent).

· Process knowledge is available and sufficiently documented to provide a complete characterization of the waste stream (e.g., MSDS, mass balances, etc.).

Process knowledge will not be accepted by WM unless it can be shown that the process producing the waste is rigidly controlled, such as through procedures governing waste segregation of input materials procurement.  Through an understanding of the material input to a process and manner which the material is manipulated or handled, the waste may be characterized by use of a model which accounts for the quantities which will be included in the waste from that process.  Appropriate documentation must accompany the RWCF/ANMWCF to show that the use of process knowledge is appropriate.  Examples of appropriate documentation include:

	· Interview information
	· Process flow charts

	· Logbooks
	· Inventory sheets

	· Procurement records
	· Vendor information

	· Qualified analytical data
	· Mass balance from an uncontrolled process (e.g., spill cleanup)

	· Radiation work packages
	· Mass balance from a process with variable inputs and outputs (e.g. washing/cleaning methods).

	· Procedures and/or methods of accomplishment
	· Material Safety Data Sheets (MSDS)


If the information is sufficient to quantify constituents of regulatory concern and determine waste characteristics, as required by the regulations and TSDF waste acceptance criteria (WAC), the information is considered acceptable knowledge.

This information is documented on a Radioactive Waste Control Form (RWCF) or Accountable Nuclear Material Waste Control Form (ANMWCF), including supporting documentation, in accordance with the requirements of the Radioactive Waste Management Subject Area.

If you are performing a new process that will generate LLW or TRU waste, contact your area WMR, who can help you determine the appropriate documentation to complete. 

3.0 Sampling and Analysis

Sampling and analysis may be required if:

· Process knowledge is not available or adequate to completely characterize the waste, and/or

· You are uncertain as to whether regulated hazardous materials may be present.

This method of characterizing radioactive waste involves taking a sample or samples of the waste and analyzing the sample. Sampling of radioactive waste can involve risk of exposure to the sampler and support personnel, thus the risk-to-benefit of the sampling activity must be considered. If sampling is performed, proper health and safety precautions must be taken. The samples are often times taken based on a statistical approach. Analyses for the analytes (i.e., radionuclides) is usually performed in a laboratory. 

Sampling and analysis is most effective when approved sampling plans, which specify sampling frequency, locations, and methodology, are used by trained sampling personnel. This ensures that sampling errors are minimized.  In addition, certified analytical laboratories should be used to ensure accurate analyses.  Validation and verification of the analytical results is often performed as an additional measure of quality assurance.

The Analytical Services Laboratory (ASL) or an approved offsite laboratory will do the analyses in accordance with the generator defined sampling plan. Your WMR will provide assistance to determine the type of analysis required to characterize your waste and provide guidance on characterization procedures for uncharacterized wastes. 

You should provide the sampling personnel as much information about the composition of your waste as possible. Before collecting the sample, the sampling technician or WMR reviews the sampling method and strategy to determine if they are safe and appropriate for the waste. 

If RCRA hazardous constituents above regulatory limits are contained in your LLW or TRU waste, then the waste must be characterized as mixed waste (see the Mixed Waste Generator Characterization Guidance exhibit in the Mixed Waste Management Subject Area).

There are several sampling methods for the various kinds of waste.  The sampling method and devices used to sample a container of waste depend on the generator-supplied information.  Requests for sampling are in accordance with Environmental and Waste Management Services (EWMS) procedure EM-SOP-105, Request for Sampling and Supplemental Health and Safety Plan, or an equivalent approved facility- or activity-specific procedure.  

If you are generating LLW or TRU waste and are unable to calculate the activity or determine the radionuclide level in the waste through process knowledge or waste assay, then you need to arrange for it to be sampled.  Contact your WMR for assistance.

Chain of Custody and Analytical Instructions (COC)

If your waste requires analysis, you are responsible for requesting that it be sampled and analyzed. Your WMR or ECR will assist you in filling out a COC, taking samples, and arranging for the appropriate analysis.

Waste samples used for the analytical characterization of the waste streams will be submitted to the onsite Analytical Services Laboratory (ASL) for screening for radioactivity and onsite analysis, or will be shipped to an approved contract laboratory for analysis. EM-SOP-109, Chain of Custody Procedure defines requirements for documenting the possession (custody) of samples from the point of collection to receipt of the sample by the analytical laboratory. This procedure also allows for providing waste analysis instructions. The RWCF/ANMWCF number and/or the container serial number for each waste package sampled will be recorded so that the sample is traceable to a specific waste parcel or container.

Sampling Methods

Provide the sampling personnel as much information about the composition of your waste as possible. This exchange is important because, before collecting the sample, the sampling technicians or WMR will select a sampling method and strategy that is safe and appropriate for the waste. 

There are several sampling methods for the various kinds of waste. The sampling method and device used to sample a waste depend on the generator-supplied information based on knowledge of the waste. Sampling must meet EPA SW-846 industry standards, or equivalent standards. EPA publication SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, is a compilation of analytical and sampling methods that have been evaluated and approved for use in complying with the RCRA regulations. SW-846 functions primarily as a guidance document setting forth acceptable sampling methods.  Information about other methods and analytical technologies may be accessed through the EPA's Technology Innovation Office Clu-In  web page.

The ability to characterize waste adequately is based on obtaining enough samples to ensure that a representative population of samples is collected. The EPA has guidance documents and methods are based on media being sampled.  If a small amount of waste must be sampled such as a drum one sample may be all that is necessary as long as the waste is known to be homogeneous.  Larger waste streams, such as soil piles, will require numerous samples.  The Environmental and Waste Management Services (EWMS) Division maintains the Environmental Monitoring SOPs  web site providing sampling guidance for environmental media which should be followed if applicable to your waste.  

To ensure that each waste stream is characterized properly and that the analytical data is truly representative in nature the following table should be used for characterizing the different waste streams. Sampling guidance for characterization for bulk waste streams (e.g., generated as a result of environmental restoration activities) is provided in Appendix B, Bulk Non-Liquid Waste Characterization Sampling Guidance of the BNL Waste Certification Program Plan (WCPP) in the Radioactive Waste Management Basis Program Description. This guidance document also includes a Waste Determination Toolbox to aid in the statistical analysis of the number of samples to be used to make a waste determination. This tool is provided in Appendix B, Waste Determination Toolbox of the BNL Waste Certification Program Plan (WCPP) in the Radioactive Waste Management Basis Program Description. The number of samples per waste stream is based on statistical methods and an acceptable deviation between the samples. Preliminary data used for clean up level purposes may be used for screening, however unless all of the constituents required by the disposal site waste acceptance criteria (WAC) have been accounted for, further characterization samples will be mandatory. 

4.0 Direct Radiation Measurement

Direct measurements refer to measuring waste in a packaged or unpackaged form. These methods are generally based on the measurement of photons or gamma-rays emitted by the radionuclides present in the waste. Radiochemical techniques may be used to process the samples, isolate the radionuclides, and/or to achieve "weightless” matrices. Liquid scintillation is commonly used for beta emitters such as H-3 and C-14 while alpha spectroscopy is used for uranium and actinides. Gross alpha/beta counting is a semi-quantitative technique for measuring overall radioactivity without a great deal of sample preparation. This technique has the advantage of being sensitive to a wide range of nuclides, but does not inherently provide any reliable information about the identity of the radioactive isotopes present. Alpha spectroscopy can determine the identity of the alpha emitters present, but because nuclides from different elemental series have overlapping energies, a chemical elemental separation of the sample must first be performed.

Gamma spectroscopy is used to identify and quantify the gamma-ray emitting radionuclides.  Proper calibration of the measurement equipment is absolutely necessary in order to achieve accurate results.  In addition, corrections have to be made several factors such as the density and homogeneity of the waste matrix, the source-to-detector and waste package geometry, half-lives of the radionuclides, shielding (e.g., waste container walls), and radiation background.  Process knowledge or historical information for legacy waste) can be used to aid the measurements to ensure that the characterization is as comprehensive as possible.

Quantification and identification of the radionuclides present in radioactive waste through direct measurements is sometimes referred to a nondestructive assay (NDA). NDA tools and equipment include waste drum and box scanners/counters, curie monitors, and neutron devices incorporating active, passive, or active and passive neutron interrogation techniques. The neutron devices are most often used to quantify transuranic material.

To simplify characterization in the field, scaling factors can be used.  Scaling factors are ratios used to quantify a set of previously identified radionuclides based on a single radiation measurement. In most cases, the single measurement is a radiation exposure rate reading taken with a portable radiation protection instrument such as an ion chamber or a geiger-mueller (GM) detector. Scaling is most effective when the characteristics of the waste and makeup of the radionuclides is well known and consistent. Waste from certain processes can be analyzed and characterized up front to develop scaling factors that can then be applied to exposure rate readings to obtain the activities of the radionuclides present in the waste. 

5.0 Radionuclide Reporting

As a low-level waste generator, you are responsible for identifying all radionuclides present in your waste stream. Be sure to list all radionuclides on the RWCF or ANMWCF for your LLW or TRU waste, as specified in the Radioactive Waste Management Subject Area.

Exempt Radionuclides

Specific radionuclides may be exempt from reporting in accordance with the requirements of the applicable TSDF WAC. Examples include:

· Short-lived daughter products considered to be in equilibrium with their long-lived parent.  For example, Th-234, and Pa-234 are assumed to be in equilibrium with U-238 since the half-live of these daughter (24 days and 1.2 minutes, respectively) are much shorter compared to U-238 (4.5E09 years). [Envirocare]

· Radionuclide in concentration less than 1.0E06 Ci per cubic meter, and not otherwise reportable. [Hanford].

Contact your WMR with specific questions.

6.0 Documentation

Characterization Documentation

Before LLW or TRU waste can be transferred from the generator’s facility to WM, a documentation package must be completed. 

A documentation package contains information about the waste that enables WM to properly manage and track the waste and is required before transport to a WM facility. 

The documentation package consists of: 

· Radioactive Waste Control Form or Accountable Nuclear Material Waste Control Form 

· Radioactive Waste Inventory Form
· Sampling and analysis plan (if applicable)

· Analytical data (if applicable)

· Draft Waste Profiles (if applicable)

Instructions for preparing the required waste characterization documentation are provided in the Radioactive Waste Management Subject Area 
.

Contact your area WMR, who can provide assistance in preparation of the appropriate documentation.
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