BROOKHAVEN NATIONAL LABORATORY

WASTE CERTIFICATION PROGRAM PLAN
REVISION 4 – April 2003

Section
Page
Abbreviations and Acronyms
iv

11.0
INTRODUCTION

1.1
PURPOSE
1
1.2
TERMS AND DEFINITIONS
2
1.3
DESCRIPTION OF FACILITIES
7
1.3.1
Description of Waste Management Facility (WMF)
7
1.3.2
Description of Waste Treatment Facilities
8
1.4
DESCRIPTION OF WASTE GENERATION STREAMS
10
2.0
ORGANIZATION AND RESPONSIBILITIES
11
2.1
BROOKHAVEN NATIONAL LABORATORY ORGANIZATION
11
2.1.1
Environmental Management Directorate
11
2.1.2
Environmental, Health, Safety and Quality Directorate
13
2.1.2.1
Safety and Health Services
13
2.1.2.2
Environmental Services (Environmental & Waste Services Division)
13
2.1.2.3
Radiation Control Division
14
2.1.2.4
Quality Programs and Services Office
14
2.1.2.5
Training and Qualifications Office
14
2.1.3
Finance and Administration Directorate
15
2.1.4
Facilities and Operations Directorate
15
2.1.5
Waste Generating Organizations
15
2.1.5.1
Facility Managers
15
2.1.5.2
Waste Generators
16
3.0
CONTROL OF RADIOACTIVE WASTES
17
3.1
Waste Forecasting
17
3.2
Work Planning and Control
18
3.3
Waste Characterization
18
3.3.1
Waste Characterization Process
19
3.3.2
Radiological Characterization Methods
19
3.3.3
Acceptable Characterization Documentation
21
3.3.4
Characterization by Process Knowledge
22
3.3.5
Data Quality
23
3.4
Waste Profiling
23
3.4.1
Waste Classification
24
3.5
Waste Treatment
25
3.6
Waste Minimization and SEgregation
26
3.7
Waste Packaging, Transfer, AND Storage
26
4.0
WASTE CERTIFICATION PROGRAM PLAN IMPLEMENTATION
28
4.1
Waste Generator Documentation
28
4.2
Certification Documentation
29
5.0
QUALITY ASSURANCE PLAN
30
5.1
Quality Assurance Records
31
5.2
Control of Nonconforming Items
31
5.3
Audits, Surveillances, and Assessments
31
5.3.1
Surveillances
31
5.3.2
Audits
31
5.3.3
Self-Assessments
32


APPENDICES

Appendix A – Request for Use of Non-DOE Facility for Disposal of Radioactive Waste
A-32

Appendix B - Bulk Non-Liquid Waste Characterization  Sampling Guidance
B-34

ALARA
as low as reasonably achievable 

ANMWCF
Accountable Nuclear Material Waste Control Form

ASL
Analytical Services Laboratory

BNL
Brookhaven National Laboratory

BSA
Brookhaven Science Associates

CERCLA
Comprehensive Environmental Response, Compensation, and Liability Act

CFR
Code of Federal Regulations

DOE
U.S. Department of Energy

DOT
U.S. Department of Transportation

ECR
Environmental Compliance Representative

EM
Environmental Management Directorate

EPA
U. S. Environmental Protection Agency

ESD
Environmental Services Division

ES&H
environmental, safety, and health

ESH&Q
Environment, Safety, Health and Quality Directorate

FUA
Facility Use Agreement

HSWA
hazardous and solid-waste amendments 

LLMW
low-level mixed waste

LLW
low-level waste

LLLW
liquid low-level waste

WCPP
Waste Certification Program Plan

LSA
low specific activity 

MSDS
Material Safety Data Sheet

NCR
nonconformance report 

NDA
non-destruction analysis

NYSDEC
New York State Department of Environmental Conservation

PCB
polychlorinated biphenyls

QA
quality assurance

QAP
quality assurance procedure

QAR
Quality Assurance Representative

QP&SO
Quality Programs and Support Office

RCA
Radiological Characterization Analyst

RCD
Radiological Control Division

RCRA
Resource Conservation and Recovery Act

RWCF
Radioactive Waste Control Form

RWPM
WM Radioactive Waste Program Manager

SBMS
Standards Based Management System

SOP
Standard Operating Procedure

SSD
Safeguards and Security Division

S&HS
Safety and Health Services Division

TCLP
Toxicity Characterization Leaching Procedure

TRU
transuranic

TSDF
treatment, storage, and disposal facility

WAC
waste acceptance criteria

WM
Waste Management

1.0 INTRODUCTION

1.1 PURPOSE

The Brookhaven National Laboratory (BNL) Waste Certification Program Plan (WCPP) provides BNL with requirements to meet waste stream characterization and waste acceptance criteria (WAC) for waste form, packaging, certification, and transfer of low-level waste (LLW), transuranic (TRU), and mixed waste.

The purpose of the Waste Certification Plan is to describe how LLW, TRU, and mixed waste from BNL are certified for shipment to the Department of Energy’s (DOE) Hanford Site, Envirocare of Utah, Inc., and any other treatment, storage, and disposal facility deemed acceptable by the Waste Management (WM) Radioactive Waste Program Manager (RWPM).  This Plan does the following:

· Satisfies the requirements detailed in the Hanford Site Solid Waste Acceptance Criteria, HNF-EP-0063 Revision 6
· Satisfies requirements of the Envirocare of Utah, Inc., Waste Acceptance Guidelines, Revision 3
· Applies to all activities associated with LLW, TRU, and mixed waste certification at BNL

Other requirements met by this document are established in the following:

· Other applicable treatment, storage, and disposal facility (TSDF) waste acceptance criteria

· 49 CFR Parts 100 - 199

· Department of Energy Order 435.1, Radioactive Waste Management Chg 1
· Department of Energy Order 460.1A, Packaging and Transportation Safety, and

· Department of Energy Order 460.2, Departmental Materials Transportation and Packaging Management Chg 1. 

BNL complies with the requirements of the documents listed above through the execution of this plan and its accompanying implementing procedures.  The WCPP applies to all LLW, TRU, and mixed waste characterization and certification activities performed at BNL.

BNL has established procedures and guidelines to ensure that waste identified as low-level or TRU is not mixed, as defined in this document, and is not subject to regulation in accordance with the U.S. Environmental Protection Agency (EPA), Resource Conservation and Recovery Act (RCRA) of 1976, the Hazardous and Solid Waste Amendments (HSWA) of 1984, and the Toxic Substance Control Act (TSCA) of 1976.  Mixed waste must be characterized in accordance with Title 40 of the Code of Federal Regulations (CFR), Part 264.13, General Waste Analysis; and New York State Environmental Rules and Regulations, 6 NYCRR Part 371, Identification and Listing of Hazardous Wastes. BNL has a Waste Analysis Plan as required by 40 CFR 264.13, which validates the hazard class of wastes identified to WM by BNL generators to ensure the wastes are stored safely before off-site disposal.  This WCPP, though not part of the Waste Analysis Plan, is closely related and addresses some of the same concerns.  BNL’s Process Knowledge Program is used to document if there has been any radiation added to hazardous waste as the result of contamination and/or activation. See the section Completion of Nonradioactive Waste Control Forms and Process Knowledge Certification Forms in the Hazardous Waste Management Subject Area for information. 

This plan also addresses mixed waste.  Because Hanford currently does not accept mixed waste from off-site generators, mixed waste shall not be shipped to the Hanford Site under this plan, but may possibly be sent to Envirocare of Utah, Inc., or another designated facility.  BNL’s management of mixed waste complies with Envirocare of Utah, Inc., Waste Acceptance Guidelines, U.S. Department of Energy (DOE) Order 435.1, Radioactive Waste Management, and other regulatory and/or TSDF requirements to ensure a safe, low-risk operation.

This plan also addresses the certification of transuranic (TRU) waste resulting from atomic energy defense activities for disposal at the Waste Isolation Pilot Plan (WIPP), in accordance with the requirements of the Waste Acceptance Criteria for the Waste Isolation Pilot Plant.  Currently only defense-related TRU waste may be stored at WIPP.  Non-defense TRU waste currently has no approved disposal path.
The requirements of this document apply to activities that could affect the quality of the waste certification process.  Each BNL organization participating in this program will adhere to the requirements set forth in this plan and its implementing procedures, in accordance with the Radioactive Waste Management Subject Area and  Mixed Waste Management Subject Area.  These activities include the following:

· Waste generation

· Performance of functions obtaining data used in waste characterization and certification (i.e., process knowledge, nondestructive waste assay, and sampling and analysis)

· Waste treatment operations

· Waste verification

· Waste packaging

· Waste storage

· Labeling and marking

· Documentation

· Procurement of waste certification-related items and services

· Waste shipping operations

· Calibration of measuring and test equipment used for waste certification activities

The WCPP applies to all activities associated with LLW, TRU, and mixed waste certification at BNL.

1.2 TERMS AND DEFINITIONS

The following definitions are provided to ensure a uniform understanding of selected terms as they are used in the document.

Assessments – The act of reviewing, inspecting, testing, checking, conducting surveillances, auditing, or otherwise determining and documenting whether items, processes, or services meet specified requirements or best-management practices.  Assessments are performed by or for senior management.

Audit – A planned and documented activity performed to determine (1) the adequacy of established procedures, instructions, drawings, and other applicable documents; (2) the effectiveness of implementation; and (3) compliance with applicable regulations.  The audit shall be performed by investigation, examination, or evaluation of objective evidence.

Audit Observations/Finding – An audit observation is any item that, in the audit team’s opinion, should be brought to management’s attention.  Contrasted with an audit observation, an audit finding is a violation of procedure or requirement (e.g., 49 Code of Federal Regulations [CFR]) that necessitates corrective action.

Certification Record – A certification record is a document that has been authenticated by authorized personnel and that furnishes evidence of the item and/or activities affecting waste certification.  Certification records for the Waste Certification Program are designated as such by the WM RWPM.
Container – A container is one in which a finite quantity of waste is placed for handling and transportation to the WMF and/or an off-site TSDF.  The container must be approved for use on-site or off-site in accordance with the requirements of container procurement specifications and receipt inspection procedures, and the TSDF WAC.

Container Custodian – The container custodian is a qualified individual assigned responsibility for control of LLW, TRU, and mixed containers.

Controlled Document – A document that fulfills all of the following: (1) contains information that must be updated on time and distributed to those individuals who are charged with implementing the requirements of its contents; (2) prescribes work affecting quality or specifies quality requirements (e.g., plans, procedures, work instructions, drawings, laboratory checklists, operator aids); (3) has a unique number and, if appropriate, a specified effective date; (4) has been approved for use by the appropriate management; and (5) is distributed to controlled document holders.

Corrective Action – Corrective action is the activity that rectifies a nonconformance and prevents its recurrence.

Correction – A deficiency will not be considered a nonconformance if completion or correction is accomplished before validation of the item, activity, issue, or condition.

Elementary Neutralization – Neutralization of a waste that is hazardous only because it exhibits corrosivity.

Facility Manager – The facility manager is the manager of a facility where waste is generated, assayed, treated, or stored or that is otherwise involved with the Waste Certification Program.  If no one has this title, then the RWPM and the head of the facility shall designate someone in the facility to perform the responsibilities of the facility manager.

Facility Use Agreement (FUA) – BNL’s Facility Use Agreements are documents that define a facility's safety boundaries for operations (operating envelopes, operating safety limits, technical requirements) and required services to support these safety boundaries.  The FUA authorizes and provides controls for long-term activities and use of hazardous and radioactive materials in a facility or facility complex.  The FUA also provides the basic safety and environmental controls for operations and experiments.

Generator – A generator is a person or organization that produces LLW or LLMW.  Generators include any BNL program or any individual working at BNL whose activities produce the previously described wastes or whose activities first cause a waste to be subject to regulation or DOE Order.

Hazardous Waste – Waste as defined in Chapter 40 CFR 261.3 of the Resource Conservation and Recovery Act (RCRA), as amended.  Waste containing polychlorinated biphenyls (PCBs), asbestos, or other such toxic components regulated under the Toxic Substances Control Act (TSCA), is also considered to be hazardous waste.

Implementing Procedures – Written instructions that (1) define the process for implementing management and administrative controls (policy and requirements) for the certification of LLW, TRU, and mixed waste; (2) are developed and controlled in accordance with the Management System Description: Work Planning and Control and the Records Management Subject Area, and (3) are reviewed by the RWPM.

Inspection – Inspection is a phase of quality control that determines the conformance of materials, supplies, items, systems, processes, and structures to predetermined quality requirements by means of examination, observation, or measurement.  Inspection is synonymous with examination, monitoring, and surveillance.

Item – Item is an all-inclusive term used in place of any of the following: appurtenance, assembly, component, equipment, material, module, part, structure, subassembly, subsystem, system, or unit.

Low-Level Waste (LLW) - Radioactive waste that is not high-level radioactive waste, spent nuclear fuel, transuranic waste, byproduct material (as defined in section 11e.(2) of the Atomic Energy Act of 1954, as amended), or naturally occurring radioactive material. [Adapted from: Nuclear Waste Policy Act of 1982, as amended]  Waste with 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) will be considered LLW, in accordance with Order 435.1, Radioactive Waste Management.
Programmatic Procedures – e.g., SBMS Subject Areas, Standard Operating Procedures (SOPs), Technical Work Documents, Facility Use Agreements (FUAs), Environmental Safety and Health Standards covering activities that directly affect the certification of LLW, TRU, and mixed waste.

Mixed Waste – Waste that contains both source, special nuclear, or by-product material subject to the Atomic Energy Act of 1954, as amended, and a hazardous component subject to the Resource Conservation and Recovery Act.  (Adapted from: Federal Facility Compliance Act of 1992).
Nonconformance – Nonconformance is a deficiency in characteristic, documentation, or procedure that renders LLW, TRU or mixed waste, or its shipment non-certifiable.

Package – The receptacle (container) and any other components or materials together with its waste contents as presented for transport to a TSDF.

Procedure – A controlled document that specifies or describes how an activity is to be performed.

Procurement Document – A procurement document is a contractually binding document (i.e., purchase requisitions, purchase orders, drawings, contracts, specifications, or instructions used to define requirements and guidelines for purchase) prepared by the BNL Procurement and Property Management Division that is submitted to the supplier.  The procurement document identifies and defines the requirements and guidelines for items or services to be procured.

Quality Surveillance – Quality surveillance is the act of (1) observing real-time activities and/or reviewing documentation to verify conformance with specified requirements and industry good practices and (2) evaluating their adequacy and effectiveness.

Radiological Characterization Analyst – A Radiological Characterization Analyst is a qualified WM individual responsible for ensuring that generated LLW, TRU, and mixed waste are properly characterized, segregated, and packaged, and meets the requirements of the applicable storage or disposal facility.
Specification – A specification describes the technical requirements for a material, product, or service and includes criteria for determining whether these requirements are met.

Standards Based Management System (SBMS) – BNL’s Standards Based Management System (SBMS) provides BNL staff with policies, standards of performance, and Laboratory-wide procedures and guidelines that are current, accurate, and relevant to their work.  The Laboratory develops policies, standards of performance, procedures, and guidelines based on an evaluation of external requirements (i.e., Directives; and Federal, state and local laws) and Brookhaven Science Associates’ policies.  While the SBMS does not deliver facility-, organization-, or program-specific operating procedure guidance and requirements, SBMS provides the baseline BNL requirements for developing, delivering, and controlling such internal operating procedures and documents.  Procedures applicable to only one department may be documented in other ways, such as through internal operating procedures

Standard Operating Procedure (SOP) – An SOP is a BNL division-specific procedure that is applied to reoccurring work.  An SOP authorizes and provides controls for activities and use of hazardous and radioactive materials in a facility or facility complex and provides the basic safety and environmental controls for operations and experiments.  An SOP may supplement or limit the authorization provided by an FUA.

State-Regulated Constituents – Non-RCRA substances regulated by the State where the TSDF is located, such as oils, PCBs, chelating compounds, organic solvents, halogenated organics, polycyclic aromatic hydrocarbons, carcinogens, mutagens, toxic compounds, or other substances as defined by the TSDF WAC.

Technical Work Document – A WM activity-level procedure, similar to an SOP, but developed for the performance of a one-time WM operations job or task.

Toxicity Characterization Leaching Procedure – (Method 1311) is published in “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” EPA Publication SW-846.

Transuranic (TRU) Waste - Transuranic waste is radioactive waste containing more than 100 nanocuries (3700 becquerels) of alpha-emitting transuranic isotopes per gram of waste, with half-lives greater than 20 years, except for  (1) high-level radioactive waste; (2) waste that the Secretary of Energy has determined, with the concurrence of the Administrator of the Environmental Protection Agency, does not need the degree of isolation required by the 40 CFR Part 191 disposal regulations; or (3) waste that the Nuclear Regulatory Commission has approved for disposal on a case-by-case basis in accordance with 10 CFR Part 61. (Source: WIPP Land Withdrawal Act of 1992, as amended)
Treatment – Any method, technique, or process, including neutralization, designed to change the physical, chemical, or biological character or composition of any hazardous waste so as to neutralize such waste, or so as to recover energy or material resources from the waste, or so as to render such waste non-hazardous, or less hazardous; safer to transport, store, or dispose of; or amenable for recovery, amenable for storage, or reduced in volume. (from 40 CFR 260.10) 
Waste Certification – Waste certification is the process in which waste is certified as meeting all applicable waste treatment, storage, and disposal facility requirements.

Waste Package Verifier – A qualified WM individual responsible for independently verifying that an approved waste container and packaging materials are used for packaging waste, and that the contents of a waste package are properly documented by the waste generator and are in compliance with the applicable waste acceptance criteria. 

1.3 DESCRIPTION OF FACILITIES

The BNL site consists of 5,265 acres and is located in Suffolk County, State of New York, at approximately the geographical center of Long Island.  There are about 1.4 million people living in Suffolk County with several villages and towns located within a radius of 15 miles of the Laboratory.  BNL is a multi-program laboratory, operated by Brookhaven Science Associates for DOE, providing major facilities available to university, government, and industrial personnel for basic and applied research in physical, biomedical and environmental sciences, and in selected energy technologies.

The Brookhaven Area Office, through the Office of Science - Chicago Operations Office, is the DOE organization responsible for BNL and BNL Waste Management activities.

1.3.1 Description of Waste Management Facility (WMF)

The WMF is located within BNL boundaries on land formerly occupied by barracks during Camp Upton operations.  The site is located north of Building 830 and the High Flux Beam Reactor/Alternating Gradient Synchrotron recharge basins.  East Fifth Avenue provided the northern site boundary and the primary access for the facility.  A security fence surrounds the entire site, and inside the fence an earthen berm surrounds the nuclear and/or radioactive portion of the site.

The WMF includes an Operations Building, a RCRA Waste Building, a Mixed Waste Building, and a Radwaste Reclamation Building.  The overall square footage is approximately 55,000 gross square feet.  An overview of each building is provide as follows:

· Operations Building (Bldg. 860): The Operations Building is design as an administrative facility.  This building provides office space for the Waste Management staff and a shop and garage area for small vehicles.  In addition, this building provides showers and change area for the entire WMF complex.

· Reclamation Building (Bldg. 865): The Reclamation Building is the primary facility for radioactive waste handling, size reduction, packaging, and interim storage of material for subsequent off-site disposal.  The goal is to reduce the radwaste stream generated at BNL.  The building receives bulk radioactive waste of various sizes and configurations to be disassembled, decontaminated, size reduced, and/or packaged for temporary storage before shipment off-site.

· RCRA Waste Building (Bldg. 855): The RCRA Waste Building is used to store solid and liquid hazardous wastes in compliance with the Resource Conservation and Recovery Act (RCRA).  The facility also provides for sorting, repackaging (when necessary), and interim storage of wastes to accommodate off-site shipment.  The building was designed and constructed to provide separate areas for incompatible and special wastes.

· Mixed Waste Building (Bldg. 870): The Mixed Waste Building is a warehouse facility for temporary storage of liquid and solid mixed wastes.  Waste is received and managed in this facility and held until transport has been set for shipment off-site. 

The WMF is designed to meet all current applicable federal, state, local, county, and town environmental requirements.  It is also designed to meet the various DOE Orders governing the design, construction, and facility operation.  There are no facilities for radioactive waste disposal at BNL.  All radioactive waste is shipped to approved off-site disposal facilities.

1.3.2 Description of Waste Treatment Facilities

BNL treatment of solid radioactive waste may include compaction to meet pollution prevention goals and minimize disposal costs, and sorting, or packaging to facilitate shipment to off-site treatment and disposal.  Because the national capacity for treating radioactive waste has increased tremendously over the past five years, BNL may choose to contract with non-DOE commercial TSDFs for volume reduction and other treatment services.

The Building 810/811 Complex (formerly known as the Waste Concentration Facility) is the central facility for the receipt and processing aqueous radioactive waste.  LLLW is containerized, transferred, or pumped directly to storage tanks at the Building 810/811 Complex.  Building 811 has a storage capacity limited administratively to 24,000 gallons.  Building 810 is immediately adjacent to Building 811, and is designed to provide a liquid waste transfer station, which complies with Article 12 of the Suffolk County Sanitary Code, provide a protected area for on-site liquid waste processing (i.e., solidification, or contractor provided microfiltration/reverse osmosis or resin-type system, or equivalent) and provide interim on-site storage of containerized liquid wastes.

Reverse Osmosis (RO) processing is currently not in service and employed on a case-by-case basis for the processing of LLLW.  The Waste Management (WM) typically contracts for off-site treatment and disposal or solidifies the unprocessed liquid waste.  However, the RO or other vendor provided approach remains a viable processing option and may be used for specific applications, as economics deem appropriate.  When used, RO-processed waste consists of liquid (permeate), which, because of the chemical properties of tritium, it cannot be removed from the water using this process.  Such tritiated water is delivered to the Building 802B (BNL Evaporator Facility) where it is converted to steam and released as airborne emission.  The evaporation process results in a concentrated liquid waste (retenate), which is ultimately transferred to off-site facilities for treatment and disposal.

Figure 1-3 shows the general flow of BNL radioactive wastes.

Figure 1-3 Flow of Radioactive Waste At Brookhaven National Laboratory.



1.4 DESCRIPTION OF WASTE GENERATION STREAMS

BNL’s science mission is diverse and changes frequently over time.  Basic and applied research is conducted in physical, biomedical and environmental sciences, and in selected energy technologies.  Wastes generated by researchers conducting laboratory experiments are significantly different than those resulting from an industrial production process, in that a large variety of wastes in terms of chemical and radiological constituents and their concentrations are produced.  

BNL’s mission also includes environment restoration activities, which is a major BNL generator of radioactive waste.  The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), a federal law that governs cleanup of contaminated sites, is the principal driver of cleanup work conducted as defined in the  Environmental Restoration (ER) Management System Description.  The regulations and guidance established under CERCLA provide a structured process within which the cleanup is done and BNL’s ER management system operates in accordance with this CERCLA process.  BNL's Environmental Management Directorate (EM) manages BNL’s CERCLA cleanup activities, and is responsible for ensuring that cleanup of contaminated soils, groundwater, and facilities is accomplished safely, efficiently, cost-effectively, and in a manner that meets all performance objectives and complies with applicable federal, state, and local laws and regulations.  EM is also responsible for the management of decontamination and decommissioning projects, including the currently active decommissioning of the Brookhaven Graphite Research Reactor, and the planned High Flux Beam Reactor and Brookhaven Medical Research Reactor decommissioning projects.

BNL-generated wastes include both radioactive wastes and hazardous chemical wastes.  All attempts are made to segregate chemical wastes from radioactive wastes at the source in the laboratory.  However, at times a waste having both radiological and hazardous characteristics, i.e., a mixed waste is produced.  Descriptions of waste streams generated at BNL are included in the designated disposal facility waste profile.

Please refer to the list of BNL Approved Waste Profiles for information regarding BNL waste streams and currently approved TSDF Waste Profiles.

2.0 ORGANIZATION AND RESPONSIBILITIES

2.1 BROOKHAVEN NATIONAL LABORATORY ORGANIZATION

BNL is operated by Brookhaven Science Associates (BSA) for the U.S. Department of Energy.  The Laboratory Director is responsible for overall operations.  Research is conducted under various program areas under the direction of Assistant/Associate Directors as illustrated in http://www.bnl.gov/bnlweb/org_chart.html
BNL includes several organizations with responsibilities in this Waste Certification Plan: 

· Environmental Management Directorate,

· Environmental, Safety, Health and Quality Directorate,

· Finance and Administration Directorate,

· Facilities and Operations Directorate, and

· Waste Generator Organizations.

The responsibilities of these organizations in the Waste Certification Plan are discussed below.

2.1.1 Environmental Management Directorate

The Environmental Management Directorate (EM) supports BNL by managing environmental restoration, waste management, and facility decontamination and decommissioning projects.  EM collaborates with BNL programs to maintain adequate protection of the environment.  EM is responsible for the following activities:

· Oversight of BNL’s Superfund activities

· Managing the cleanup of known contaminated areas

· Investigation and cleanup, when necessary, of any potentially contaminated areas

· Determining the extent of environmental contamination from past activities

· Ensuring the cleanup of environmental contamination to acceptable standards.

Waste Management has the primary responsibility for implementation of the Waste Certification Plan, as well as forecasting, planning, collection, packaging and shipment of BNL’s hazardous, radioactive and mixed waste.

2.1.2 Environmental, Health, Safety and Quality Directorate

The Environmental, Safety, Health and Quality Directorate (ESH&Q) include the Safety and Health Services Division, the Environmental and Waste Services Division, the Radiological Control Division, the Quality Programs and Services Office, and the Training and Qualification Office.  ESH&Q is responsible for providing guidance and services needed to support the Waste Certification Program in all phases of training, Quality Assurance, and industrial health and safety.

2.1.2.1 Safety and Health Services 

The Safety and Health Services (S&HS) Division is responsible for providing industrial hygiene, chemical management, and safety engineering services in support of the Waste Certification Program.

2.1.2.2 Environmental Services (Environmental & Waste Services Division)

ES supports BNL by ensuring that it can meet its environmental responsibilities, as stipulated in environmental legislation, regulations, and DOE Orders.  ES responsibilities include:

· Developing and maintaining BNL environmental policies, plans, guidelines, and practices

· Educating and training BNL employees on environmental issues and responsibilities and informing management about pending changes in environmental regulations that will affect BNL

· Guidance of BNL programs in complying with environmental laws and regulations

· Representing BNL on environmental issues to the public and to federal, state, and local regulatory agencies 

· Helping BNL programs manage and minimize hazardous, mixed, and radioactive waste

· Performing environmental monitoring of BNL operations

Environmental Services also includes the Environmental Compliance Representatives (ECRs) responsible for identifying, incorporating, and communicating environmental requirements, including changes to those requirements, into the BNL Environmental Management System (via SBMS standards, subject areas, and program descriptions); providing technical assistance on implementing environmental requirements and performance feedback to the line organizations; preparing required environmental documents and providing DOE with required reports for timely submittal to regulatory agencies; and developing and sustaining interactions with regulatory agencies and the BNL Directorate on environmental issues (including regulatory compliance). 

2.1.2.3 Radiation Control Division

The Radiation Control Division (RCD) provides various support services to the waste certification activities.  Facilities support services include providing assistance to generators in waste characterization and performance waste surveys.  The RCD Analytical Services Laboratory provides waste sample analysis.  RCD’s Instrumentation & Calibration Group provides calibration, maintenance and repair service for radiation protection instruments used throughout the site in support of BNL radiation safety programs.  RCD personnel

· Survey LLW, TRU, and mixed waste packages for external dose rate

· Measure fixed and removable radioactive surface contamination

· Calibrate equipment for activities listed above

· Provide radiation-safety training

· Determine personnel protective clothing and equipment requirements

· Support waste characterization with field analysis and analytical laboratory services

2.1.2.4 Quality Programs and Services Office

The BNL Quality Program and Services Office (QP&SO) provides independent QA oversight of the Waste Certification Program.  The Quality Programs Office performs audits, surveillances, and inspections specific to the Waste Certification Program and works closely with the Waste Certification Program by assignment of a Quality Assurance Representative (QAR) to the WM to resolve issues that affect the quality of LLW, TRU, and mixed waste certification.  Specific responsibilities of the WM QAR include the following:

· Reviewing LLW, TRU, and mixed waste QA plans, policies, and procedures

· Performing audits, surveillances, and inspections

· Verifying that corrective actions are performed relative to audit findings

· Coordinating with the RWPM for all certification-related QA activities

2.1.2.5 Training and Qualifications Office

The Training and Qualifications Office is responsible for providing training to all BNL personnel performing LLW, TRU, and mixed waste certification activities and those BNL personnel responsible for overseeing BNL’s waste certification activities.  The Training and Qualifications Office is also responsible for maintaining training records for all BNL personnel associated with the BNL Waste Certification Plan.

2.1.3 Finance and Administration Directorate

The Finance and Administration Directorate includes the Procurement and Property Management Division (PPM), which has the primary responsibility for container procurement.  PPM also is responsible for supporting the Waste Certification Program by providing subcontracted waste transportation, treatment, storage, and disposal services, in conjunction with WM.

2.1.4 Facilities and Operations Directorate

The Facilities and Operations Directorate includes the Safeguards and Security Division (SSD).  SSD provides for the appropriate protection of personnel and physical and intellectual property (classified and unclassified) of the government, other clients, and BNL in regards to loss, theft, misuse, sabotage, and espionage, including the control, accountability, and inventory management of nuclear materials.  Specific SSD responsibilities relevant to the Waste Certification Program are

· Nuclear Materials Control, Accountability, Packaging and Transportation 

2.1.5 Waste-generating Organizations

2.1.5.1 Facility Managers

A facility manager has oversight authority for all operations in each LLW, TRU, and mixed waste generating facility.  In the context of this plan, the term “facility manager” is used to generically describe personnel with management responsibilities in LLW, TRU, and mixed waste operations.  The general responsibilities are as follows:

· Ensuring the implementation of this Waste Certification Program Plan

· Ensuring that no radioactive waste is generated with no path to disposal

· Approving facility-specific waste generating procedures

· Monitoring and documenting waste-generating activities to ensure that responsible procedures are implemented

· Ensuring that LLW, TRU, and mixed waste containers (loaded or unloaded) are protected from the effects of weather

· Ensuring that training and qualification requirements are met

· Reporting nonconformances and taking action to correct nonconformances pertaining to LLW, TRU, and mixed waste packaging and accumulation activities

· Ensuring that contamination-control procedures are implemented

· Maintaining the accuracy of the building FUAs that pertains to LLW, TRU, and mixed waste handling

2.1.5.2 Waste Generators

The waste generators are responsible for the following:

· Implementing the requirements of the Pollution Prevention and Waste Minimization Subject Area
· Certifying that LLW, TRU, and mixed waste comply with acceptance criteria by properly characterizing and segregating LLW and TRU waste from mixed waste

· Handling and packaging LLW, TRU, and mixed waste safely and in accordance with applicable BNL procedures

· Adhering to applicable waste-handling procedures and the WM waste acceptance requirements

· Properly characterizing waste on the Radioactive Waste Control Form (RWCF), or Accountable Nuclear Material Waste Control Form (ANMWCF), Radioactive Waste Inventory Form, and maintaining supporting characterization documentation

· Ensuring that Container Custodian maintains control over waste containers while they are being filled and before sealing

· Reporting nonconformances

· Implementing actions necessary to correct any identified nonconformance

· Contacting WM Representatives for assistance with the proper characterization of LLW, TRU waste, and mixed waste

· Maintaining training and qualification of personnel

CONTROL OF RADIOACTIVE WASTES

Activities critical to the control of radioactive wastes are described in formal implementing procedures which may include SBMS Subject Areas, FUAs, Division-, building- or activity-specific procedures such as SOPs.

BNL’s Standards Based Management System (SBMS) provides BNL staff with policies, standards of performance, and Laboratory-wide procedures and guidelines that are current, accurate, and relevant to their work.  BNL develops policies, standards of performance, procedures, and guidelines based on an evaluation of external requirements (i.e., Directives; and Federal, state and local laws) and DOE policies.  While the SBMS does not deliver facility-, organization-, or program-specific operating procedure guidance and requirements, the SBMS provides the baseline BNL requirements for developing, delivering, and controlling such internal operating procedures and documents.

BNL documents pertinent to the Waste Certification Program include the following:
·  Radiological Control Manual
·  Environment, Safety & Health Policy Manual
·  Environment, Safety & Health Standard
·  Procurement Operations Manual
·  Radioactive Waste Management Subject Area
·  Mixed Waste Management Subject Area
·  Training and Qualifications Subject Area
·  Calibration Subject Area
· BNL Waste Program Certification Program Plan

· Generator building- and activity-specific waste-packaging procedures

· WM Standard Operating Procedures (e.g., waste transfer, packaging, shipping)

Specific work critical to the control and certification of waste are discussed in the following sections.

2.2 Waste Forecasting

The Management System Description: Integrated Planning describes BNL’s approach to integration of site-wide and complex-wide goals and objectives, including environmental objectives and targets, as well as programmatic, safety and health, and other business objectives.

BNL participates in DOE’s Integrated Planning, Accountability, and Budgeting System (IPABS).  IPABS is a project-based management system that supports DOE’s Environmental Management (EM) Program.   IPABS includes project life-cycle baseline information, which is updated annually and includes forecasted waste information to support the life cycle planning for radioactive waste streams.

IPABS also includes Disposition Maps showing aggregate “waste or material streams” that are of similar makeup and have a similar disposition path at a level established by the Field.  Each waste stream, or flow, on a map represents the underlying “stream disposition” information (including annual quantities) reported by the Field in the EM Corporate Database.

2.3 Work Planning and Control

Activity-level requirements for BNL are defined in the  Management System Description: Work Planning and Control (WP&C).  The WP&C Management System ensures that that all work is planned and implemented properly, hazards and risks are identified and controlled; resources are scheduled and coordinated, and appropriate feedback mechanisms are in place.  For this management system, "work" is defined as the activities that involve the design, operation, maintenance, modification, construction, environmental remediation, demolition, or decontamination of facilities, systems, or experiments by BNL or non-BNL personnel, and includes BNL radioactive waste management operations and activities.  The WP&C Management System controls the experimental design; the project planning, management and status reporting (capital and expense projects); the maintenance, repair, and modification work planning; and standard operating procedures (SOPs) work processes.  

This system also maintains BNL Manuals and procedures including the Work Planning and Control for Experiments and Operations Subject Area.  This subject area requires assurance of an identified path to disposal for all work that will result in the generation of radioactive waste before generation.  Subject matter expertise is provided to waste generators by WM personnel and ESD ECRs in the determination of waste streams that have paths to disposal and those that do not.  If a generator cannot identify that a waste stream has a path to disposal, then WM will assist the generator in making this determination.  The generators will first consider alternative processes, techniques, and/or materials to avoid generating such a waste stream.  When a proposed waste stream has been identified as not having a path to disposal, then a request for approval to generate the waste stream must be prepared with the required information and submitted to DOE for approval.  Additionally, if radioactive material is to be disposed of at a Non-DOE disposal site, DOE approval of an Exemption Request must be obtained before shipment.  Appendix A Request for Use of Non-DOE Facility for Disposal of Radioactive Waste provides a format for preparing an Exemption Request, must be forwarded to the DOE-BAO for approval. 

2.4 Waste Characterization

The wastes are the responsibility of the generator until they are received by the BNL Waste Management (WM) program for further processing.  Before being received by WM, a Radioactive Waste Control Form (RWCF) or Accountable Nuclear Material Waste Control Form (ANMWCF) must be prepared.  The individual or group responsible for production of the radioactive wastes must complete this form.  Preparation of this form thus characterizes the waste in terms of chemical content, curie content, waste type, and waste form.  Instructions for characterizing waste and preparing the required documentation is provided in the  Radioactive Waste Management Subject Area and  Mixed Waste Management Subject Area
To ensure proper preparation of the form and appropriate characterization of the waste, the completed form must be reviewed and approved by the WM.  The radioactive wastes will not be accepted by the WMF until the WM representative has signed the form.  The WM representative reviews the RWCF/ANMWCF in accordance with  WM-SOP-510, Review of Radioactive Waste Control Forms and Accountable Nuclear Material Waste Control Forms, as applicable.  The WM representative will also assist the waste generator in having the sample analyzed if that is required.  Any additional help in properly characterizing the wastes is provided by WM personnel.

Waste characterization involves the identification of methods and the establishment of procedures to accurately determine the physical, chemical and radiological properties of LLW, TRU and mixed waste to ensure it conforms to this document.  The characterization methodology must allow such determinations to be accomplished with sufficient accuracy to permit proper segregation, treatment, storage and disposal of waste in all stages of the certification process and in accordance with the prescribed protocol.  Waste characterization shall ensure that upon generation and after processing, the actual physical, chemical, and radiological properties are known during all stages of the waste management process.

2.4.1 Waste Characterization Process

As stated previously, the characterization of radioactive wastes is the responsibility of the researcher or generator producing the waste.  Because of the diversity and changing nature of the radioactive wastes produced by individual projects at BNL, whether experimental, operational or environmental in nature, it is essential for the waste generator to completely characterize the waste in terms of major radionuclides, curie content, and physical and chemical state, and also to ensure that it contains no hazardous or toxic constituents above EPA (RCRA), Washington State (Hanford), Utah (Envirocare), and/or other approved TSDF permitted levels.  Sampling guidance for characterization for bulk waste streams (i.e., generated as a result of environmental restoration activities) is provided in Appendix B, Bulk Non-Liquid Waste Characterization Sampling Guidance..  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.

The radionuclide inventory of a waste must be established using a method or combination of methods capable of identifying and quantifying the major radionuclides present. The methods chosen must provide adequate sensitivity and accuracy to ensure that the waste is categorized correctly (e.g., DOE Category 1 and NRC Class A).  A graded approach should be applied when planning radiological characterization of waste streams.  Using the graded approach, more frequent and detailed analysis is performed when a waste approaches one or more of the limits of these criteria.  Conversely, waste that is far below applicable limits of these criteria would not require as extensive or frequent analysis.

Both direct and indirect methods can be used for characterization.  When indirect methods are used, these methods must be corroborated periodically with direct methods.  The frequency of corroborative analysis should be based on the variability of the waste-generating process and the extent and consistency of previous analytical data.  A graded approach should be applied when determining the appropriate type and frequency of corroborative analysis.

2.4.2 Radiological Characterization Methods

The radiological characteristics of the waste are generally determined by one or more of the following general methods:

· Process Knowledge - Includes documented knowledge of the radioactive materials used and the processes that contributed to the radiological content of the waste, along with historical analysis of waste and radiological contamination from the process.  Process knowledge can be used to establish the suspected major radionuclides in a waste stream.  In addition, process knowledge can be used to eliminate from further consideration those radionuclides not present in sufficient concentration to be major radionuclides as defined by the TSDF WAC, as long as the basis of this determination is documented.

· Materials accountability - The content of a given radionuclide in a waste can be determined by documented logs detailing the mass or activity of that radionuclide added to and leaving the waste in a controlled process.  In addition, data relating the total inventory of a radionuclide in a process or facility can be used to determine the radionuclide inventory, but must be corroborated periodically with direct measurement methods.

· Field and laboratory analysis - Field and laboratory analysis methods, such as Non-Destructive Analysis (NDA), radiochemical analysis, and surveys with field instruments, must be selected as appropriate to detect and quantify the major radionuclides with adequate sensitivity and accuracy for waste classification.  Analysis methods that measure gross activity (i.e., not radionuclide-specific) must be used in conjunction with other methods to determine the relative concentration (scaling factors) of each suspected radionuclide, and must be corroborated periodically with radionuclide-specific analysis.

· Computer modeling - Computer modeling, applied appropriately, could be used in conjunction with other methods for radiological characterization.  The modeling must be performed by an individual who is knowledgeable and experienced in the use and limitations of the model.  The assumptions and measurements used as inputs to computer modeling must be documented.  The computer software must be controlled in a manner that meets conventional QA requirements. Computer models must be corroborated periodically with direct measurement methods.

· Scaling factors - Scaling factors can be used to relate the concentration of a readily measured radionuclide to more difficult to measure radionuclides.  Scaling factors must be developed from one of the previous methods, and must be corroborated periodically with radionuclide-specific analysis.

In accordance with the WM facility authorization bases and work control procedures, wastes of unknown isotopic content are not accepted by WM.  It is the responsibility of the generator of any such waste to have the waste analyzed, and report the results on the RWCF/ANMWCF.  Whenever the radionuclide inventory and/or curie content of radioactive materials cannot be identified, spectroscopic analysis services available through the RCD Analytical Services Laboratory (ASL) may be used.  The ASL performs radiological analyses in support of both environmental monitoring and facility operations.  The ASL is certified by the New York State Department of Health for gross alpha/beta, gamma spectroscopy, tritium, strontium-90, and actinides, in accordance with EPA and ASTM methodologies.

Waste samples used for the analytical characterization of the waste streams will be submitted to the on-site ASL for screening for radioactivity and on-site analysis, or for shipment to a contract laboratory for analysis.  BNL waste generators are responsible for the determination of and compliance with any specific requirements regarding the use of analytical laboratories and analysis requirements based on the specific TSDF WAC.  As an example, for wastes destined for Envirocare, since Utah certifications are parameter specific, the selected laboratory must be Utah Certified for each method used to evaluate the waste stream.  For information regarding the ASL- or BNL-approved contract laboratories, contact the Analytical Services Laboratory Manager.

The BNL 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.  The RWCF number and/or the container serial number for each waste package sampled will be recorded so that the sample is traceable to a specific container.

Samples may be taken and submitted to a contract laboratory by organizations other than BNL’s ASL when it is deemed appropriate.  When this occurs, the circumstances must be documented, and the other organization’s sampling and sample management procedures must be audited as part of the annual WCPP internal audit program.  Sampling and analysis performed by off-site contract laboratory organizations shall meet the following requirements:

· The laboratory must be certified by the State of New York, or as otherwise required by the TSDF WAC,

· Characterization data used to identify the chemical, physical, and radiological properties of the waste must be legally and scientifically defensible,

· Sampling and analysis processes must be controlled and documented,

· Propagation of error throughout the sampling and analysis procedure shall be evaluated and considered when ascertaining usability of characterization data, and

· Controls must be in place to trace each sample number to a specific waste package number.

2.4.3 Acceptable Characterization Documentation

Characterization documentation requirements may be met using a combination of analytical data or screening results and one or more of the following:

· Interview information

· Logbooks

· Procurement records

· Qualified analytical data

· Radiation work packages

· Procedures and/or methods

· Process flow charts

· Inventory sheets

· Vendor information

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

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

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

Characterization documentation includes the RWCF/ANMWCF and any supporting documentation used by the generator to substantiate the waste characterization.  Information such as generator-prepared calculations, analysis and/or inventory sheets specific to the waste parcel shall be attached to the RWCF/ANMWCF to provide for WM review of the waste characterization.  Information such as interview information, logbooks, procurement records, procedures and/or methods, process flow charts, and vendor information associated with the waste stream shall be referenced on the RWCF.ANMWCF and maintained by the generator.

2.4.4 Characterization by Process Knowledge

There are circumstances where 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).

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 that will be included in the waste from that process.  The model may be rather simple or complex, depending on the process involved, but it must be substantiated through proper documentation.  The use of process knowledge must be stated on the RWCF/ANMWCF.  Appropriate documentation must accompany the request to show that the use of process knowledge is appropriate.

2.4.5 Data Quality

The data required for proper characterization and certification of the radioactive wastes produced at BNL includes the following.

· Chemical composition of the waste (including TCLP and any TSDF WAC required analysis)

· Inventory of radionuclides contained in the waste,

· Radionuclide activity in the waste (curie content),

· Form of the waste; liquid or solid, contamination or activation, compactible, material description, etc.  

These data are currently provided when the waste generator completes the RWCF/ANMWCF, and instructions for providing this information are found in the  Radioactive Waste Management Subject Area and  Mixed Waste Management Subject Area.  WM data management personnel identified the data requirements to obtain sufficient information to comply with the WAC of the TSDF receiving the radioactive wastes.

Even though the research at BNL is diverse and changes over time, each researcher producing radioactive waste must know the isotopes being used and also the chemical composition of the wastes.  Since each researcher is aware of the specific isotopes being used in a given project, it is the most effective use of resources to have the researcher characterize each batch of radioactive waste.  Since the principal isotopes are well defined, the curie content of gamma-emitting isotopes can be determined from the measured radiation field.  Also, analytical services are available to determine both the isotopic content and inventory using a variety of analytical methods.  Each generator is required to complete RadWaste Generator training before submitting wastes to the WM for disposal.  This training ensures that generators are aware of their responsibilities in characterizing wastes.

Refusal to accept any radioactive waste characterization by WM personnel until proper documentation has been prepared ensures all data required to show compliance with the applicable TSDF WAC will be available at the time the radioactive materials are packaged for shipment.  The data collection system now in use at BNL has been shown to provide all required information even though the composition of the wastes can change over time.  Should any additional information be required to comply with future waste acceptance criteria, the data collection system will be modified accordingly.  

2.5 Waste Profiling

Profiling a waste stream involves collecting samples and obtaining analytical results for the parameters required by the TSDF WAC.  Parameters include waste radiological characterization, classification, physical/chemical characterization, regulated waste characteristics, planned volume, regulatory status (e.g., RCRA, State regulated, TSCA, CERCLA), land disposal restrictions, and packaging.  The Waste Profile serves to enable the TSDF to evaluate waste for acceptance; maintain an operating record of the waste material for the TSDF acceptance, storage, treatment, and/or disposal; provide a historical record of the waste projected for each waste stream; and ensure compliance with the TSDF licenses and permits.  Approved Waste Profiles are required for all radioactive waste shipments to waste disposal facilities.

WM is responsible for the preparation, coordination for TSDF approval, control and maintenance of all BNL radioactive Waste Profiles.  The approved waste profiles serve as a basis for WM review and acceptance of generator’s waste.  The WM RWPM, or delegate, is responsible for the administration, control, and maintenance of all TSDF Waste Profiles.  Please refer to the list of BNL Approved Waste Profiles for information regarding currently approved TSDF Waste Profiles.

2.5.1 Waste Classification

Radioactive waste classification is required to determine if the material to be shipped from BNL to a TSDF requires special, handling, packaging, notification, etc.; to ensure proper transportation of waste in accordance with DOT requirements (49 CFR 173); and to ensure that the waste is in compliance with the TSDF licenses and permits (e.g., 10 CFR 61.55, DOE, and/or State requirements).

General radioactive waste classifications applicable to BNL are provided as follows.  More specific information may found in the applicable TSDF WAC.

DOT classifications are as follows (refer to 49 CFR 173.403 for detailed definition):

	Classification
	General Definition

	Radioactive Material
	Any material having a specific activity greater that 70 Bq per gram (0.002 microcurie per gram).

	Limited Quantity
	A quantity of radioactive material not exceeding the materials package limits specified in §173.425 and conforming to requirements specified in §173.421.

	Low Specific Activity (LSA) I, II, III
	Materials including ores, natural occurring materials (other than fissile), contaminated earth or debris, water, and activated materials with essentially uniform distribution of radioactive materials, and meeting the LSA I, II, and III limits.

	Surface Contaminated Objects (SCO) I or II
	A solid object which is not itself radioactive, but which has radioactive material distributed on its surface.

	Type A
	A quantity of radioactive material, which does not exceed special form or normal form material values, as specified in §173.435 or are determined in accordance with §173.433.  

	Type B
	A quantity of material greater than a Type A quantity.

	Highway Route Controlled Quantity (HRCQ)
	A quantify of material within a single package which exceeds 3,000 times the A1 value of the radionuclides specified in §173.435; 3,000 times the A2 value of the radionuclides specified in §173.435; or 1,000 TBq (27,000 Ci).


TSDF classifications are generally based on NRC requirements (10 CFR 61), but are facility-specific based on DOE and State requirements.  The Hanford site accepts LLW with the following general classifications applicable to BNL (refer to the Hanford Site Solid Waste Acceptance Criteria, HNF-EP-0063 Revision 6, Appendix A, and 10 CFR 61.55 for NRC definition):

	Classification
	General Definition

	Category 1
	The sum of the fractions calculation of each nuclide divided by its Category 1 limit (Table A-1) less than or equal to 1.  Waste is low activity waste with very low concentrations of long-lived radionuclides.

	Category 3
	The sum of the fractions calculation of each nuclide divided by its Category 3 limit (Table A-1) less than or equal to 1.  Waste is moderate or high activity waste with low to moderate concentrations of long-lived radionuclides.

	NRC Class C or less
	Waste suitable for near surface burial, that not only must meet more rigorous requirements on waste form to ensure stability but also requires additional measures at the disposal facility to protect against inadvertent intrusion.  The physical form and characteristics of Class C waste must meet both the minimum and stability requirements set forth in 10 CFR 61.56. 

	Accountable Nuclear Material
	Nuclear material that is tracked and accounted for due to its economic and technological value and/or its unique handling requirements.  The BNL ISM Section maintains accountability for the following radioactive materials used at BNL: depleted uranium; natural uranium; americium-241, americium-243, curium, californium-252, berkelium-249, thorium, neptunium-237; lithium-6; tritium (gas); deuterium (heavy water); and fissile materials, which consist at BNL of plutonium (Pu), Uranium-233, Uranium-235, and enriched materials.


Envirocare currently accepts only Class A waste in accordance with the Envirocare of Utah, Inc., Waste Acceptance Guidelines, Revision 3,defined as follows:

	Classification
	General Definition

	Class A
	Material for which the sum of the fractions calculation of each nuclide divided by the limits provided in Table I and II of UAC R313-15-1008 is less than or equal to 1, and the individual nuclide concentration does not exceed the license limit; or the waste contains only nuclides not in Table I and II.


2.6 Waste Treatment

As discussed previously, BNL may perform limited treatment of radioactive wastes.  Such treatment for solid radioactive waste may include compaction to meet pollution prevention goals and minimize disposal costs, and sorting, or packaging to facilitate shipment to off-site treatment and disposal.  Treatment for liquid radioactive waste may include elementary neutralization, solidification or contractor-provided volume reduction Reverse Osmosis (RO) processing technology, employed on a case-by-case basis.  All BNL waste treatment activities are planned and implemented properly, hazards and risks are identified and controlled, resources are scheduled and coordinated, and appropriate feedback mechanisms in accordance with BNL WP&C management system requirements as defined by WM-ADM-940, Preparation of Procedures, and WM-ADM-950, Work Planning, Control & Maintenance Management Operations.  Reoccurring activities are controlled by SOPs, such as WM-SOP-562, Compaction of Radioactive Waste at the WMF.  Activities that are not performed regularly require the preparation of a Technical Work Document to ensure proper control and definition of the activity, consideration of job hazards, environmental impacts, and impact on the facility authorization basis.

2.7 Waste Minimization and SEgregation

Waste minimization and segregation are critical to reducing costs, ensuring regulatory compliance, maintaining a safe work place, and protecting the environment.  The proper segregation of waste chemicals promotes safe storage as well as contributing to the minimization of waste by reducing the potential for hazardous chemical reaction and material contamination.  BNL requirements for waste minimization are defined in the  Pollution Prevention and Waste Minimization Subject Area.  These waste minimization requirements are implemented as part of the WP&C processes defined previously, and are accomplished by the  Work Planning and Control Subject Area.  Requirements for the segregation of wastes during generating and accumulating activities are defined in the  Radioactive Waste Management Subject Area and Mixed Waste Management Subject Area.

The WM program also is required to segregate wastes for shipment in accordance with approved Waste Profiles to facilitate proper treatment, storage, and/or disposal by the TSDF.  The Waste Profiles identify major waste streams, grouped by the TSDF in a manner that defines currently available storage, treatment, and/or disposal methods.  When it is not technically feasible or it is cost prohibitive to segregate the waste by Waste Profile, WM must document the basis for not segregating the waste and request acceptance by the TSDF.

2.8 Waste Packaging, Transfer, AND Storage

These processes are controlled by SOPs or other activity-specific procedures.  For programs generating waste on an infrequent or one-time basis, Technical Work Documents or other activity-specific procedures prepared and approved in accordance with the requirements of the  Management System Description, Work Planning and Control.

Instructions are provided for BNL waste generators regarding the identification, accumulation, packaging, labeling, and management of radioactive wastes in the  Radioactive Waste Management Subject Area and  Mixed Waste Management Subject Area, including definition of Prohibited Articles in Radioactive Solid Waste Packages.
The packaging of all radioactive waste shipped from BNL to the TSDF will comply with all requirements of the TSDF WAC, and with the appropriate DOT (49 CFR) criteria.  Routine research-generated wastes are accumulated in generator facilities and transferred to the WMF for packaging and interim storage.  Non-routine or large quantity wastes may be packaged in generator facilities in accordance with the facility authorization basis and as approved by the WM.  Waste packaging, transportation, storage, and closure within the WMF is controlled by WMD-SOP-572, Packaging, Transporting, Storage and Closure of Radioactive Waste Containers.  Wastes packaging, transportation, storage, and closure performed in generator facilities shall be controlled by WM procedures or activity-specific procedures prepared and approved in accordance with the requirements of the  Management System Description, Work Planning and Control, and approved by the WM, to ensure that certification program requirements are met.  

Shipment of LLW from BNL to TSDF will comply with the applicable DOT shipping requirements set forth in 49 CFR Parts 171 through 178, as applicable.

LLW, TRU and mixed waste shipments comply with DOT (Title 49 CFR Parts 171-177); EPA (Title 40 CFR Parts 262 and 263); NYSDEC (6NYCRR372.2); and the specific requirements of each applicable storage or disposal facility.  Procedures for shipment are addressed in WM procedures that address the specific disposal or storage facility requirements.  All LLW, TRU and mixed waste shipments are certified by the WM Operations Manager to meet the requirements of the applicable storage or disposal facility.  Off-site shipment documentation, including labeling and the waste manifest, are addressed in WM-SOP-578, Shipping Low-Level Radioactive Waste. 
WASTE CERTIFICATION PROGRAM PLAN: IMPLEMENTATION

WM is the BNL organization that bears primary responsibility for implementation of the Waste Certification Program Plan.  The BNL Waste Certification Program is implemented through the ESH&Q Waste Management Program.  The purpose of the Waste Certification Program is to ensure full coordination, integration, and oversight of certification activities at BNL.  The WM Operations Manager has the primary responsibility for certifying that the waste packages, data, and waste shipments associated with the BNL-generated LLW, TRU and mixed waste described in this plan meet the requirements of each applicable storage or disposal facility’s waste-acceptance criteria.  The program is staffed by WM Radiological Characterization Analysts (RCAs) and Waste Package Verifiers.  The responsibilities of Waste Certification Program personnel are as follows:

· All waste containers and waste packaging materials to be used for the shipping and disposal of radioactive wastes are specified, procured, received, and inspected in accordance with BNL-controlled processes to ensure they meet the TSDF WAC and DOT requirements.

· The WM RWPM is responsible for the administration, control, and maintenance of all TSDF Waste Profiles.

· BNL generators are responsible for the proper characterization, including supporting documentation, of LLW, TRU and mixed waste.

· The Container Custodian (qualified generator or WM personnel) is responsible for maintaining control over waste containers while they are being filled and before sealing

· Waste certification documentation is processed through the WM for review and approval, but only after the producer of the waste properly prepares documentation characterizing the wastes

· The WM RCA is responsible for ensuring that generated LLW, TRU and mixed waste are properly characterized, segregated, and packaged, and meet the requirements of the applicable TSDF

· The WM Waste Package Verifier is responsible for independently verifying that an approved waste container and packaging materials are used for packaging waste, and that the contents of a waste package are properly documented by the waste generator and are in compliance with an approved TSDF waste profile

· Shipping papers required by DOT regulations are completed by WM and/or I&SM personnel for Accountable Nuclear Material (ANM).  A qualified WM individual or a qualified waste broker completes shipping papers for non-ANM.

· The WM Operations Manager is responsible for reviewing and approving waste shipping documentation to ensure the requirements of the TSDF are met.

2.9 Waste Generator Documentation

Each LLW, TRU and mixed waste package is accompanied by a documentation package that traces the waste from its point of generation through its shipment off-site.  The document package tracks each waste parcel within a package and the container itself while at the generator’s facility.  The documentation package consists of the RWCF/ANMWCF and, when there is more than one parcel in a Radioactive Waste Inventory Form.  The RWCF and the Inventory Form will describe the contents in each parcel of waste.  The parcel of waste can be traced by means of an individual RWCF and Inventory Form references a unique number affixed to the parcel.  Each LLW, TRU and mixed waste package is identified by a unique number that is referenced on the RWCF.  Each parcel of waste is also traceable back to the generator.  Specifications for completing the appropriate documentation are outlined in the  Radioactive Waste Management Subject Area and Mixed Waste Management Subject Area, in waste packaging and containerization SOPs, and in facility-specific waste-handling and -packaging procedures.  If a waste container already has a RWCF/ANMWCF, and the container will be overpacked into a container with other waste, that RWCF/ANMWCF will serve as the identification number.  A Radioactive Waste Inventory Form, which summarizes the containers or items and the radionuclides and activity in the shipping container, will be printed and will serve as the new RWCF/ANMWCF and final documentation package.

2.10 Certification Documentation

The standard RWCF/ANMWCF and Radioactive Waste Inventory Form are used to collect the necessary information from the radioactive waste generator as defined in the  Radioactive Waste Management Subject Area 
 and WM-SOP-725, Waste Tracking & Inventory ManagementMixed Waste Management Subject Area

.  This document is used to track the waste from the time it is received at the WMF through storage, treatment, packaging, and shipping.  Using these forms, data are compiled to summarize the contents of each shipment and record the radioactive materials still in storage at BNL.  All data from the forms are entered into the WM Waste Tracking System in accordance with . 
Records are developed in accordance with the following WM standard operating procedures.  Document retention for radioactive waste records is defined in WM-ADM-900, Document Control & Records Storage. 
· WM-SOP-572, Packaging, Transporting, Storage and Closure of Radioactive Waste Containers
· WM-SOP-578, Shipping Low-Level Radioactive Waste 

· WM-SOP-650, Shipping Mixed Waste
QUALITY ASSURANCE PLAN

Quality Assurance for BNL waste certification activities will be performed in accordance with WM’s Quality Assurance Plan.  The important elements of the certification program are the procedures used in the characterization, packaging, and shipping of the radioactive waste, the keeping of accurate records, and appropriate use of administrative controls.  The Quality Assurance Program for waste characterization is based on accurate record keeping and administrative controls.  The radioactive waste documentation system described in the previous section and in Section 4.1 is the basis for the record keeping for all radioactive wastes.  Quality Assurance is provided by adherence to written procedures in the performance of the routine and non-routine tasks associated with all BNL's activities, including those concerned with waste management and waste certification.

WM programs, plans, and procedures relevant to waste certification activities are provided as follows (Procedures can be accessed at http://intranet.bnl.gov/wmd/procedures/procedures.html):

	WMD Policy/Procedure
	Title

	EMS Vol 1B
	WM Environmental Management System Description 

	WMD-QAP-002
	Preparing and Performing WMD Assessments

	WMD-QAP-004
	Control and Tracking of Nonconformances

	HWM-QAP-005
	“Q-List” Procedure

	HWM-QAP-009
	Control of Incoming Materials

	WMP-002
	Conduct of Operations Matrix

	WMP-003
	Low Level Waste Certification Program Plan

	WMP-005
	Waste Management Division Training Plan

	WMP-013
	Waste Management Division Quality Assurance Plan

	WMP-015
	Self Assessment Plan for the Waste Management Division (issued annually)

	WM-ADM-900
	Document Control & Records Storage

	WM-ADM-905
	Waste Management Division ALARA/Radiological Safety Committee

	WM-ADM-940
	Preparation of Procedures

	WM-ADM-950
	Work Planning, Control & Maintenance Management Operations

	WM-ADM-980
	Environmental Requirements Management

	WM-SOP-510
	Review of Radioactive Waste Control Forms and Accountable Nuclear Material Waste Control Forms

	WM-SOP-562
	Compaction of Radioactive Waste at the WMF

	WM-SOP-572
	Packaging, Transporting, and Closure of Radioactive Waste Containers

	WM-SOP-578
	Shipping Low-Level Radioactive Waste

	WM-SOP-610
	Storage and Transfer of Mixed Waste

	WM-SOP-650
	Shipping Mixed Waste

	WM-SOP-725
	WM Waste Tracking and Inventory Management


2.11 Quality Assurance Records

QA and certification records are specified and prepared in accordance with WM implementing procedures defined above.  Such records are controlled and distributed in accordance with WM-ADM-900, Document Control & Records Storage, defining the requirements and responsibilities for record transmittal, distribution, retention, handling, corrections, control, maintenance, and disposition.

Records related to waste certification shall be stored in accordance with WMD-SOP-900, Document Control & Records Storage, and maintained in accordance with the   Records Management Subject Area.  Access to record files shall be controlled.

Records important to waste certification include training records; audit reports; nonconformance reports; RWCFs and supporting waste characterization documentation such as process knowledge, sampling information, analytical data, and inventory records; shipping documents; and forms and checklists required by LLW, TRU and mixed waste programmatic procedures.

2.12 Control of Nonconforming Items

Nonconformance control in the Waste Certification Plan applies to shipping packages, analytical services, containers, handling devices, and parcels of waste that do not meet waste certification requirements.  Nonconformances that affect the certifiability of the waste package require issuing an NCR, in accordance with procedure WMD-QAP-004, Control and Tracking of Nonconformances, or applicable facility procedures.  NCRs are used to identify, document, evaluate, and disposition nonconforming items and to notify affected organizations.

LLW, TRU and mixed waste addressed by this plan that is unable to meet all of the requirements of this plan will not be shipped to a TSDF.  This waste must be reworked before shipment.  Nonconforming packages are not certifiable.  The individual or organization detecting the nonconformance issues NCRs.  The RWPM, or designee, is responsible for tracking the status of the NCR and ensuring that proper corrective actions are implemented, prior to certifying the waste for shipment to the TSDF.

2.13 Audits, Surveillances, and Assessments

2.13.1 Surveillances

The Waste Certification Program personnel on a regularly scheduled basis perform surveillances of certification activities.  Surveillances are performed in accordance with the WM Program Self Assessment Plan. Surveillances are documented in a memo-style report or on a surveillance report form and submitted to the RWPM.  The report describes the surveillance and includes any corrective actions requiring a follow-up surveillance.

2.13.2 Audits

Audits are performed in accordance with established schedules, procedures, and checklists.  It is the RWPM’s responsibility to ensure that audits are performed.  Audit frequencies will be determined based on results and findings of verification activities and will include a minimum of one audit per year.

The audit team should include the WM QAR or designee and one or more independent subject-matter experts.  Auditors are independent of operations being audited.  The audit team shall include an individual appointed to lead the team.  The audit team leader shall organize and direct the audit and coordinate the preparation and issuance of the audit plans and audit reports.  The audit team leader shall be certified in accordance with the BNL requirements.

The audit team will submit audit findings to the RWPM.  The RWPM reviews the report and then submits copies to the appropriate individuals.  Responses to audit team reports are made to the RWPM.  The RWPM will determine whether audit findings indicate failure to ensure that certifiable wastes are being generated and shall, if necessary, take appropriate action, which may include stopping operations.  The RWPM maintains copies of audit reports for five years.  Audits are conducted as specified in Department or Division Self-Assessment Programs.

Corrective actions resulting from Waste Certification Program audits will be documented, approved, and tracked through closure, in accordance with  ESH 1.2.1 Corrective Action Management and Tracking for Internal and External Assessments.  For audits not performed directly by either the WCPP or the WM QAR, the RWPM shall approve the audit methodology and deem the audit acceptable for use by the Waste Certification Program.  Examples include WM QAR container-vendor audits and analytical laboratory audits.  The RWPM shall record each such concurrence in a memo for filing, and a copy of the audit report shall be placed in the Waste Certification Program files, or notation shall be made on the availability of audit reports (e.g., container-vendor audits/survey are maintained by the WM QAR).

2.13.3 Self-Assessments

The RWPM shall annually assess the integrated WCPP QA system and its performance.  The Waste Certification Program has adopted the self-assessment program as described in procedure WMP-015, Self-Assessment Plan for the Waste Management Division (Current Year).  The RWPM shall schedule the annual self-assessment and record it on the Waste Certification Program surveillance schedule.  Problems that hinder the organization from achieving its QA objectives shall be identified and corrected.

REQUEST FOR USE OF

NON-DOE FACILITY FOR DISPOSAL OF

RADIOACTIVE WASTE
	(1) Today’s Date:


	(2) Projected Shipping Dates:


	(3) Site Name: 

 
Brookhaven National Laboratory
	

	(4) Point of Contact:


                                         
	Phone:

	(5) Anticipated Commercial Sites:
       
	Name:


Address:     
City/State:  



	

	(6) Waste Description: 

     Volume:              

     Radionuclides:   

     Total Activity:          

    

	

	(7) DOE Annual Review Completed by: 



	(8) Host State and State Compact Notification:




	

	(9) Attach A Cost-Benefit Analysis:    



	(10) Other Considerations: 



FORM INSTRUCTIONS
1. Today’s Date:  (month/day/year)

2. Projected Shipping Date:  (month/day/year)

3. Site Name:  Fill as appropriate

4. Point of contact; (phone): Indicate name and phone number of person at Laboratory responsible for information on the form.

5. Anticipated Commercial Site:  Fill as appropriate

6. Waste Description:  (Include physical description, approximate weight and/or volume, radionuclide content, total activity).

7. DOE Annual Review Completed by:  List the audit or review by your site or other DOE-Site, and Date

8. Host State and State compact Notified by:  Name, Phone Number, Date contacted

9. Attach a Cost/Benefit Analysis: Include costs for alternative path(s) of shipping to DOE facility compared to shipping to a commercial facility.  Include as many life cycle costs as possible.  Include as a minimum for all cases, the pre-shipping treatment/packaging conducted at your site, shipping, and disposal fees.

10. Other considerations: Describe other circumstances why commercial disposal is necessary in addition to or in place of cost benefit.  Examples include:


No DOE capability


Significant schedule delay in project or program if DOE facility used


Recycle/reuse benefit

Bulk NON-LIQUID Waste Characterization 

Sampling Guidance

April 2003

Characterization for waste determination is the means by which the waste generator, Brookhaven National Laboratory (BNL), samples and quantifies the contaminants in a given waste stream to determine acceptable methods for disposal.  This plan provides BNL guidance on the sampling, documentation, and approvals needed to complete the waste determination process.  It also provides guidance on sampling for waste classification.

3.0 Applicability

This guidance document is applicable to bulk waste streams that will be disposed off-site and that are generated as a result of environmental restoration or other large-scale activities at BNL.  A bulk waste stream is generally one where a relatively large quantity of similar waste has been generated and is being managed in bulk.  This guidance is applicable to the following waste streams:

· Low-Level Radioactive Waste (LLRW),

· Resource Conservation and Recovery Act (RCRA) hazardous waste (as defined by 40 CFR 261),

· Mixed waste streams contaminated with LLRW and RCRA hazardous waste,

· TSCA waste (such as PCBs),

· Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and

· Any combination of the materials listed above.

Even though the waste characterization methods in this guidance may be valid, in whole or in part, for the following waste streams, wastes containing any of the following materials do not fall under this guidance document and should be evaluated on a case-by-case basis.  Additional guidance for sampling and characterizing these types of waste can be found under the BNL Standard Base Management System (SBMS) subject areas for hazardous, radioactive, and mixed waste:

· bulk liquids, non-aqueous liquids, and phase-separated liquid organics,

· pyrophorics and materials subject to spontaneous combustion,

· DOT forbidden Class 1.1, 1.2, and 1.3 explosives and shock sensitive material,

· batteries,

· high alpha-content wastes exceeding 100 nanocurries per gram of transuranic radioactivity,

· non-empty compressed gas cylinders, 

· RCRA listed wastes F020 through F023, F026, F027 (40 CFR 261.31), and 

· wastes that are specifically excluded by a given disposal facility, such as Utah listed wastes F999 and P999, excluded by Envirocare of Utah.

· Wastes that are specifically excluded by the DOE radiological disposal facility, Fluor Hanford, such as Washington State regulated material as called out in the Washington Administrative Code - AKA  - WAC.

The sampling guidance that is provided can be used to prepare sampling plans to sample wastes in situ, in containers, or in waste piles.  If possible, it usually is preferable to sample in situ if the source of the waste is known and can be used to predict waste movement, if the waste has already been released to the environment.

4.0 Glossary of Terms

Administrative Limit (AL) - A concentration specified by the sampler that defines the error tolerance associated with making a mistake in waste classification resulting in a Type II error (e.g., to conclude that a waste will fail the waste acceptance criteria when it actually does not, or is above the regulatory threshold when it actually is not).  The consequences of this mistake are less severe than that of making a Type I error (e.g., to conclude that a waste will meet the waste acceptance criteria or regulatory threshold when it actually does not).  For this guidance, the administrative limit is set at 80% of the waste acceptance criteria or regulatory threshold, as an added measure of safety.

Bulk Non-Liquid Waste - Waste that contains no detectable free liquids, generated by a process that results in relatively large quantities of similar waste.  Smaller volumes of non-liquid and liquid waste can be managed under the SBMS subject areas for hazardous, radioactive, and mixed waste.

Composite Sample – A sample composed of more than one individual sample collected from more than one sampling location or depth and mixed thoroughly before analysis.

Comprehensive Environmental Response, Compensation, and Liability Act, CERCLA  - defines “hazardous substances” as:

 “(a) any substance designated pursuant to 311(b)(2)(A) of the Federal Water Pollution Control Act, (B) any element, compound,  mixture, solution, or substance designated pursuant to 102 of this Act, (C) any hazardous waste having the characteristics identified under or listed pursuant to 3001 of the Solid Waste Disposal Act (but not including any waste the of which under the Solid Waste Disposal Act has been suspended by Act of Congress), (D) any toxic pollutant listed under 307(a) of the Federal Water Pollution Control Act, and (F) any imminently hazardous chemical substance or mixture with respect to which the Administrator has taken action pursuant to 7 of the Toxic Substance Control Act.”
Contaminants of Concern (COCs) – List of contaminants whose concentrations in the waste approach or exceed some threshold of interest (such as an action level, acceptance criteria, or regulatory threshold) and whose measurements will form the basis of the waste characterization decisions.

Gray Region – Area in a Risk Tolerance diagram whose upper boundary is defined by the WAC or regulatory threshold concentration and lower boundary by the administrative limit of 80% of the WAC or regulatory threshold.

Hazardous Waste – Constituent in a solid waste that is specifically listed in RCRA 40 CFR 261 or has characteristics defined therein or listed in equivalent state definitions.

Hot Spot – An area within the waste that exhibits significantly higher concentrations of contaminants of concern (chemical and/or radiological) than the majority of the waste volume.
Log-normal Distribution - Data that resembles a normal distribution when plotted on log-normal probability paper.

Low-level Waste (LLW) – In general, LLW is radioactive waste that is not classified as Spent Nuclear Fuel, High Level Waste, or Transuranic Waste, or by-product materials such as mill tailings.  The classification is based on DOE Order 5820.2A for DOE legacy waste.

Lower Boundary Gray Region (LBGR) – Administrative limit placed on mean COC concentration that reflects the lower level of acceptable risk; set at 80% of the WAC or regulatory threshold in this guidance.

Mean Concentration of Samples (
[image: image1.wmf]x

) – Sum of the measured concentrations of a COC in a series of samples divided by the number of measurements, used to estimate true population mean.

Mean Concentration of Population (() – The true average concentration in the waste population that is being estimated by using the mean concentration of the samples.

Normal Distribution - Data, when plotted, that exhibits a symmetrical, bell-shaped curve of concentration versus frequency.  Lines of symmetry fall around the mean concentration, extending infinitely far to the right and left.  The curve is concave downward within one standard deviation of the mean and concave upward beyond one standard deviation of the mean.

Null Hypothesis (Ho) – Hypothesis that is assumed to be true unless actual data prove it false; the null hypothesis for this guidance is that the COCs in the waste exceed the WAC or regulatory threshold.

PCB TSCA Waste – Any PCB article or container whose surface has been in direct contact with PCBs>50 ppm and that exhibits PCB concentrations >500 ppm or any PCB item (including soil) that contains PCBs at concentrations >50 ppm is considered a TSCA waste according to 40 CFR 761.1-.80.

Polychlorinated Biphenyls (PCBs) – Substances commonly found in older capacitors, transformers, light ballasts, electrical equipment, old paint or hydraulic equipment and oils that were used for their heat exchange properties and are regulated under the Toxic Substance Control Act.

RCRA Hazardous Waste – Any waste listed in 40 CFR 261.33 or a waste that exhibits hazardous waste characteristics.

RCRA Hazardous Waste Characteristics – The characteristics of ignitability, corrosivity, reactivity, and toxicity as defined in 40 CFR 261.21 through .23, a demonstration of which results in the waste being classified as hazardous.

Regulated Waste - A waste that is subject to RCRA hazardous waste or TSCA PCB waste management and/or spill cleanup regulations.  This concept also can be applied to classify waste for purposes of transportation under DOT regulations.

Regulatory Threshold - The numerical value established by RCRA and TSCA regulations that represents the concentration of a COC in a waste that is used to determine whether a waste is regulated or non-regulated based on that COC concentration.

Relative Shift (∆/s) – The width of the Gray Region on a Risk Tolerance diagram divided by the standard deviation of the waste sample results.

Resource Conservation and Recovery Act (RCRA) – Statute that is supported by a body of regulations that govern the generation, transport, and disposal of hazardous waste.

Risk – For the purposes of this guidance, risk is the qualitative measure of the impact of making an incorrect decision regarding waste disposal or waste classification.  Risk associated with incorrectly transporting waste that does not meet the WAC of the disposal facility, for example, is determined to be greater, in general, than the risk associated with unnecessarily retaining a shipment that could meet the WAC.  The situation that represents the greatest risk is used to form the Null Hypothesis.

Stratified Waste – Waste that exhibits non-random variations in its physical and/or chemical characteristics either spatially or over time.

Shift (∆) – The width of the Gray Region, the upper boundary of which is the WAC or regulatory threshold and the lower boundary of which is the administrative limit or 80% of the WAC or regulatory threshold.

Subsampling – The process of subdividing a field sample into representative parts for placement into various sample containers needed to perform a range of analytical tests.

Standard Deviation (s) – A term that represents the variability in a normally distributed sample population.  Standard deviation represents the sample variability due to the range of concentrations in the waste, errors during sampling, and errors during laboratory analysis.

Toxic Substance Control Act (TSCA) – Statute that is supported by regulations that govern primarily the generation, transport, disposal, and cleanup of polychlorinated biphenyls (PCBs) and asbestos.

Type I Error Probability – The probability of concluding that the Null hypothesis is false when it is really true.  For this guidance, a Type I Error results in concluding that a waste meets the WAC when it really does not or that the waste does not exceed the regulatory threshold when it actually does.

Type II Error Probability – The probability of concluding that the Null hypothesis is true when it is really false.  For this guidance, a Type II Error results in concluding that a waste does not meet the WAC when it really does.

Waste Acceptance Criteria (WAC) – A list of waste constituents and associated concentrations which limit the type and concentrations of waste that a facility can accept for disposal and continue to comply with the requirements of their permit to operate.  The Washington State Administrative Code is also referred to as WAC.

Waste Stat Sheet- The form that is filled out as a consequence of this guidance (Attachment A) that documents the sampling design and decision making associated with waste determination for classification as a regulated/non-regulated waste (e.g., RCRA or TSCA) or for purposes of deciding whether to make a waste shipment to a given disposal facility.

5.0 Screening for Waste Characterization

Screening waste samples is particularly useful when existing data gathered during the Remedial Investigation/Feasibility Study phase or other sampling are insufficient for waste characterization.  Screening methods for preliminary waste characterization can be implemented in the field or laboratory and can provide either quantitative or semi-quantitative results.  Field screening methods are generally faster and less costly than laboratory analyses, but may be less sensitive and employ less quality control.  However, they allow field personnel to define problem areas quickly and to guide sampling and verification analysis.

5.1 Field Screening 

Preliminary field screening is recommended for each waste stream when historical data do not exist or when process knowledge is insufficient to identify and quantify Contaminants of Concern (COCs).  The purpose of identifying COCs is to design a sampling program that can be used to estimate the concentrations of COCs in the waste.  Some examples of field screening techniques that might be used include

· Total Volatile Organic Compounds (VOCs) screened using a flame or photo ionization detector,

· Metals screened using field portable x-ray fluorescence,

· PCB Kit analysis to test for the presence of polychlorinated biphenyls (PCBs),

· Radiation surveys to test for gross β and/or exposure rate
, and

· In situ gamma spectrometers (sodium iodide or semiconductor type) to screen for gamma-emitting radionuclides (Ref. 1c).

Levels of concern for each group of contaminants shall be established prior to the use of a screening technique to determine which wastes need to undergo more rigorous testing or other special handling.

5.2 Laboratory Screening

Field screening is often not enough to identify individual COCs, but will give the sampler a general idea as to what specifically to test for in the laboratory.  The purpose of laboratory screening is to take the first step in identifying whether a constituent is present in the waste at a concentration that would cause it to fall into a particular waste classification, need treatment before disposal, or be rejected by the disposal facility.  Laboratory screening does not take the place of the more rigorous sampling needed for waste classification or determination for disposal.  Laboratory screening is not necessary if reliable, well-documented analytical data about the waste stream already exist.

The following laboratory screening may be performed on each waste stream using at least one composite sample of the waste obtained from at least five individual samples (regardless of the volume of waste):

RCRA Waste Constituents

· Total RCRA Metals ( As, Ba, Cd, Cr, Pb, Hg, Se, Ag) using EPA Method 6010

· Volatile Organic Compounds using EPA Method 8260 (for screening only)

· Semi-Volatile Organic Compounds using EPA Method 8270A

RCRA Hazardous Waste Characteristics

· Ignitability (40 CFR 261.21)

· Corrosivity (40 CFR 261.22)

· Reactivity (40 CFR 261.23)

· Toxicity Characteristics (40 CFR 261.24)

TSCA Waste Constituents

· PCBs using EPA Method 8081

Radionuclides

· Gamma spectroscopy,

· Gross alpha and/or alpha spectroscopy,

· Inductively coupled plasma atomic emission spectroscopy (ICP) and mass spectroscopy (MS), and

· Liquid scintillation and gas proportional counting techniques (beta-emitting radionuclides).

As with the field screening techniques, levels of concern shall be established for each laboratory screening utilized.

6.0 Designing the Sampling

The sampling program used to characterize waste for disposal is applicable to all bulk waste streams, liquid and non-liquid, including RCRA hazardous waste, TSCA-regulated waste, LLW, and mixed waste.  These same techniques can be used to classify waste as hazardous or TSCA, requiring regulated management and disposal.  Although most of the language in this guidance is specific to waste determination for disposal, the same sampling techniques can be applied for waste classification by modifying the language to use the RCRA or TSCA thresholds
 rather than the Waste Acceptance Criteria.

This guidance provides a method for applying statistical tools and professional judgment to making sound decisions about waste characterization and associated risks.  It is not a comprehensive guide on statistical sample placement, sampling tools and techniques, or analyzing laboratory data.  Those decisions will need to be developed on a case-by-case basis, depending on the physical nature of the medium being sampled.

6.1 Sampling for Waste Determination or Classification

Sampling for waste determination or classification shall be performed using a statistical approach that takes into account sample mean, variability, and the risk associated with making an incorrect waste determination or classification.  Process knowledge shall be used whenever possible to design the sampling protocol.  Waste about which relatively little information exists shall use an iterative approach for characterization.

6.1.1 Hot Spots

A hot spot is an area of the waste where the COC concentration is substantially higher than in the rest of the waste.  When the hot spot mean concentration and range is less than 80% of the WAC or regulatory threshold, no additional consideration for its management is needed.  However, when the hot spot COC concentrations exceed 80% of the WAC or regulatory threshold, a decision needs to be made as to how best to manage the hot spot.  Figure 1 illustrates the steps toward waste determination that shall be taken prior to commencing remediation.

6.1.1.1 Separation Versus Blending

If hot spots in the waste are expected to exceed the WAC or regulatory threshold, a decision shall be made prior to excavation whether hot spots will be managed with the bulk of the waste, segregated, or whether the waste stream can be blended to bring the average below the WAC
.  Generally, if the volume of the hot spot exceeds 5 cubic meters and the COC concentrations exceed a value of three times the WAC or regulatory threshold, the hot spot should be segregated.  For lower concentrations in the hot spot or when the area is greater than 5 cubic meters and the concentration is within two times the WAC, blending shall be considered (Ref. 13).  Blending is not appropriate when evaluating whether a hot spot exceeds a regulatory threshold for the purpose of waste classification.

Various methods can be employed to blend or separate a waste stream, including blending or separation during excavation or removal, during storage, or during loading for shipment off-site
.  The following shall be considered before this decision is made:

· segregated materials require additional treatment or management
,

· hot spots shall not be separated from the waste stream unless they are anticipated to have an average concentration that exceeds the WAC or regulatory threshold at a minimum, and 

· blending can ensure that hot spots will no longer exhibit concentrations that exceed the WAC.

Additional sampling around a hot spot may be warranted to ensure that its management places the bulk waste in the proper context for making a ship/hold decision (Ref. 21).  The Project Manager, in consultation with the Waste Management Representative (WMR) shall decide whether additional sampling is needed to isolate any hot spots.  The decision will be based on the anticipated hot spot concentrations, size, and how close to the WAC or regulatory threshold the hot spot concentrations are.

6.1.2 Homogeneous Wastes

A homogeneous waste stream is one that does not vary over time or space.  With a uniform waste, the average sample contaminant concentration (
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) is very nearly the true concentration in the waste (() and the standard deviation (s) is small.  There may be some cases when the sampling performed on a homogeneous waste may not accurately represent the composition of the waste when it arrives at the disposal facility.  Homogeneous wastes may become heterogeneous after they are stored and transported for disposal as a result of settling, heating and cooling cycles, or vibration during transport.  These changes may be particularly true of wastes that contain mercury (sorbed elemental mercury may pool due to vibrations or temperature changes), volatile organic compounds (vapors may accumulate in the head space of shipping containers), or compounds that transform into other compound through chemical reactions during storage.  These conditions also can exist for heterogeneous wastes.  In these cases, the disposal facility shall be notified ahead of time that this stratification might occur and their verification sampling should take these transformations into account.

6.1.3 Using Administrative Limits

An administrative limit (AL) of 80% of the WAC or regulatory threshold for each COC is used in this guidance document as an added level of conservatism
.  Data variability can result from sampling errors, analytical errors, or other factors beyond the control of the sampler and is not simply the result of actual variability in the chemistry.  To ensure that these sources of uncertainty do not bias the data (i.e., result in a Type I error where the data demonstrate compliance when, in fact, the waste does not meet the established criteria), a degree of conservatism needs to be added to the data evaluation.  Using an administrative limit provides this level of conservatism.  Administrative limits establish a cushion of 20% to account for all of the additional unquantifiable sources of uncertainty.  Thus, if all of the data are less than the administrative limit, there is a high degree of confidence that the waste complies with the WAC, action level, or regulatory threshold.

As the Example Waste Determination Worksheet (Attachment B) illustrates, there is some flexibility in applying administrative limits.  Not meeting the administrative limit should not be grounds for an automatic decision that the data do not comply with the criteria for shipping or waste classification.  It should be used as a cautionary sign that the sampling methods, analytical methods, and historical data be scrutinized more closely for possible errors or inconsistencies.  If the Project Manager and WMR can satisfy themselves that there is a reasonable likelihood that the data comply or that the offending data are very close to the established criteria, an administrative limit can be relaxed on a case-by-case basis, based on professional judgment.  For increased certainty, the AL can be adjusted downward. To eliminate this safety factor, set the AL at 99% of the WAC, ACT, or regulatory threshold.

6.2 Calculation of Sample Number

An error tolerance approach shall be used for designing the sampling program.  The number of samples to be used to make a waste determination shall be calculated using acceptable statistical approaches. (Refs. 1d, 1e, 1f, 1i, 4, 6,13,15,16,20, and 21)  As a general rule, the number of samples needed for waste determination (N) increases:

· as the average concentration of COCs in the waste approaches the WAC or regulatory threshold,

· if the concentrations in the waste are highly variable and cover a wide range of values,

· if the sample is highly stratified, 

· if the consequence of making the wrong waste determination decision has an unacceptable risk associated with it, or

· if the location or characterization of relatively small hot spots is essential for waste determination or classification.

On the other hand, N decreases if:

· reliable process knowledge is available,

· historical waste characterization data are available,

· the waste is homogeneous,

· the average waste concentration is generally very much above or very much below the WAC or regulatory threshold, or

· composite sampling is appropriate (see Section 4.3.1) (Ref. 1g).
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The number of samples is calculated and based on the following error tolerance criteria (Refs. 1h, 5, 6, 13, 18, and 19), which also is illustrated in Figure 2:

· The WAC or regulatory threshold for each identified COC.

· The null hypothesis (Ho), which states that the average COC concentration in the waste is greater than or equal to the WAC (( >WAC) and the waste should not be shipped for disposal or is above the regulatory threshold and should be managed as a regulated waste.

· The alternate hypothesis (Ha) that states that the average COC concentration is below the WAC (( <WAC) and the waste may be shipped for disposal or is below the regulatory threshold and is not regulated.

· The acceptable Type I Error probability (α) - A Type I Error occurs when a waste is determined to meet the WAC or threshold when it really exceeds the it.  For this guidance, this error probability is set at 0.05 (i.e., the probability is 100(1- α ) or that there is a 95% likelihood that 
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 will fall below the WAC or regulatory threshold.  In other words, there is a 5% chance that waste exceeding the WAC will be shipped or exceeding the regulatory threshold will not be appropriately classified as a regulated waste.

· The acceptable Type II Error probability (β) - A Type II Error occurs when a waste is determined to exceed the WAC or threshold when it really meets the it. For this guidance, this error probability is set at 0.20 (i.e., the probability is 80% that 
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 will fall below 80% of the WAC or threshold (otherwise known as the administrative limit).

· The expected standard deviation of COCs in the waste population (s).
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6.2.1 Special Non-Normal Distribution Considerations

The procedure described below is applicable under most circumstances (normal and log-normal distributions of data).  Although this procedure represents the simplest calculation that can be used, atypical circumstances may warrant a different approach, such as wastes that exhibit other than normal distributions.  The distribution is considered “normal” if 
[image: image7.wmf]x

>s2, if a plot of the data is fairly symmetrical around the mean, if it is bell-shaped, and if the curve is convex downward between the positive and negative standard deviations.  

Data that are transformed by taking their log and exhibit the same distribution are said to be log-normally distributed.  Both normally and log-normally distributed data can be analyzed using a parametric test.  In other circumstances of non-normal distribution, the concentrations must be transformed in order to perform an analysis of the data to determine whether it can be shipped for disposal or classified as regulated.  The data have a Poison distribution if 
[image: image8.wmf]x

= s2 and a negative binomial distribution if 
[image: image9.wmf]x

<s2.  The literature presents numerous analyses and examples of transformations that may be appropriate under these circumstances (Ref. 1a, 6, and 15).  Keep in mind that the standard deviation, s, can be reduced by increasing the number of samples upon which the calculation is based.  Two instances of non-normal distribution can be analyzed using the accompanying Sampling Design Toolbox©.  The analysis involves non-parametric tests.

6.2.2 Sampling Design Toolbox©
To aid in these transformations and the calculation of the number of samples, a Sampling Design Toolbox© is provided as a separate file, supplementing this guidance.  Figure 3 presents an example of the manual calculation using this procedure for normally distributed data.  The toolbox also can be used to adjust N in cases where the Project Manager judges that is will impose an unacceptable cost burden to the project.  In this case, a cost-benefit analysis, adjusted for acceptable risk, is used.

The procedure for calculating the number of samples (N) is: (Ref. 15)  

Step 1: Determine the likely range of COC concentrations (xn).  This can be done using existing historical data or professional judgement or screening data.

Step 2: Specify the consequences of an erroneous decision to ship waste that exceeds the WAC or to classify a waste as non-regulated when it is.  The term Lower Boundary of the Gray Region (LBGR) refers to the point below which the average or mean concentration (
[image: image10.wmf]x

) must fall relative to the WAC to assure that decision errors will not affect waste acceptance or the point below which the concentrations must fall to be assured of being below the regulatory threshold.  For this guidance, the LBGR is set at 80% of the WAC or regulatory threshold (administrative limit).  This may need to be adjusted if the background mean concentrations are near or very far from the WAC or regulatory threshold.

Step 3: Calculate the Shift (∆) using ∆ = WAC-LBGR or ∆ = Reg. Threshold - LBGR

Step 4: Calculate the Relative Shift (∆/s) by dividing the shift by the calculated or estimated standard deviation (s).  Both these terms must be in the same units.  Where no data exist, use s = 0.5
[image: image11.wmf]x

 for waste that is anticipated to be fairly homogeneous and s = 1.5
[image: image12.wmf]x

 for waste that is anticipated to be fairly variable.  If estimates are used, the standard deviation shall be recalculated once sampling data become available.  The recalculation shall confirm that the number of samples based on estimates was appropriate.  

The standard deviation is calculated using the following formula:
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	where:


n= number of existing samples


Xi= individual concentration measurements from existing analyses


Step 5: Find the probability that the actual average concentration of the COC in the waste (() will be less than the WAC or regulatory threshold when the sample average (
[image: image14.wmf]x

) is at the LBGR.  This value is sign(p) and can be found from Table 2.

Step 6: Obtain values for Z1-α and Z1-β from Table 3, based on the selected error tolerance of alpha probability (α) and beta probability (β).

Step 7: Calculate the number of samples to be taken for waste determination from the following equation, with an assigned α=0.05 and β=0.20:

	N =  (Z1-α + Z1-β )2

        4 {sign (p)-0.5}2


	Where:

N = number of samples

α = probability of a Type I Error

β = probability of a Type II Error

Z = critical level for the designated probability 

sign (p) = probability that the mean concentration is at the LBGR


Step 8: Collect 40% more samples than N.  Send N plus 10% to the laboratory for analysis (10% for quality assurance purposes) and archive the remainder for possible future use.

Step 9: Re-calculate a new N’ based on the newly collected samples and their analytical results.  If the new N’ is greater than the initial N, use the archived samples to make up the difference and analyze additional samples.  If the new N’ is less than the initial N, no additional samples are necessary.

6.3 Alternatives to Large “N” Designs

Sometimes the calculated number of samples for waste determination will result in a sampling and analysis cost that is a relatively large percentage of the waste management budget (over 15%).  To reduce these costs, a number of alternatives are available.  One alternative, discussed in the next section, involves using compositing.  A second alternative, discussed subsequently, uses a cost-benefit approach to sample design to reduce the number of samples.  Judging when N is unacceptably large shall be the responsibility of the Project Manager and WM Representative.

6.3.1 Composite Sampling and Sub-Samples

The advantages of composite sampling are: 1) it produces a larger sample size which more precisely estimates the mean concentration of a COC in the waste, 2) it reduces analytical costs by decreasing the overall number of samples going to the laboratory, and 3) it may be more efficient in identifying hot spots.  The disadvantages associated with composite sampling include a decreased ability to quantify sample variance because of dilution and the potential loss of volatile waste constituents during the compositing process

         Table 2. Relative Shift and Sign (p) Values

Table 3. Error Probability with Z1-α and 

      








   Z1-β Values

	∆/s
	sign(p)
	∆/s
	sign(p)
	
	α (or β) 
	Z1-α (or Z1-β)

	0.1
	0.539828
	1.2
	0.884930
	
	0.01
	2.326

	0.2
	0.579260
	1.3
	0.903199
	
	0.05
	1.645

	0.3
	0.617911
	1.4
	0.919243
	
	0.20
	0.842

	0.4
	0.655422
	1.5
	0.933193
	
	Ref. 15, Page 5-28, Table 5.2

	0.5
	0.691462
	1.6
	0.945201
	
	
	


	0.6
	0.725747
	1.7
	0.955435
	
	
	

	0.7
	0.758036
	1.8
	0.964070
	
	
	

	0.8
	0.788145
	1.9
	0.971284
	
	
	

	0.9
	0.815940
	2.0
	0.977250
	
	
	

	1.0
	0.841345
	2.5
	0.993790
	
	
	

	1.1
	0.864334
	3.0
	0.998650
	
	
	

	If ∆/s>3.0, use sign(p)=1.00000
	
	
	


Ref. 15, Page 5-32, Table 5.4






	Figure 3. Example Calculation of N

	Selected or Calculated Values



Existing Data







Sample Number     Concentration
Step 1: Range of concentrations 6 to 15 ppm 

1
   10.2 ppm







2
   12.0 ppm
Step 2: Assign: 





3
     8.4 ppm


α = probability of a Type I Error = 0.05

4
     6.0 ppm


β = probability of a Type II Error = 0.2

5
   15.0 ppm


LBGR = 80% of WAC = 9.6











n = 5   WAC = 12 ppm

Step 3: ∆ = WAC – LBGR =12-9.6 = 2.4



   
[image: image15.wmf]x

= 10.32

Step 4:






Trying to estimate (
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  = 3.43
Step 5: ∆/s = 2.4/3.43 = 0.700


sign(p) = 0.758036  from Table 2 

Step 6: Z1-α  = 1.645


Z1-β  = 0.842  from Table 3 

Step 7: N =   (Z1-α + Z1-β)2/4{sign(p)-0.5}2 = (1.645 + 0.842)2/ (4)(0.758036 – 0.5)2


   N =  6.185/0.266 = 23.2   or   N =  24

Step 8: Collect 34 samples; send 24+3 for analysis and archive 7.  See Section 4.2.2 for QA recommendations.

Step 9: After receiving analytical results, re-calculate the sample number (N’) using the actual analytical data.  If the re-calculation produces a higher number (N’) than the original estimate (N), analyze enough archived samples to make up the difference or take additional samples..

Note: This same calculation can be made automatically using the Sampling Design Toolbox.


In addition, if the regulators require analysis for VOCs using EPA Method 5035, composite sampling is not an option because the method requires sample retrieval in sealed cores.  Some caution should be exercised when considering compositing samples from different containers unless it is known that the waste characteristics are not highly variable from one container to the next.

The sampler may use composite sampling under four circumstances: 

1) when the calculated number of samples is high and the cost of analysis is a relatively large percentage (greater than 15%) of the total waste management cost, 

2) when wide ranges in sample variance are not expected, especially when compositing samples from more than one container, 

3) when most of the sample concentrations are expected to be well below (or well above) the WAC or regulatory threshold, and

4) when depth-integrated sampling of a waste stream is necessary, as when several samples are collected from the same location but at different depths, and no stratification is expected (Ref. 1g).

When the calculated number of samples is high, based on the high variability of the waste, compositing to reduce the cost of the analysis may result in the masking of sample variance, but may make the field program more realistic in terms of cost and level of effort.

Some of these same considerations shall be addressed when a single sample of waste must be divided into several representative sub-samples for placement in more than one sample container for laboratory analysis.  Care shall be exercised in mixing the sample and to ensure that volatiles don’t escape during the subdivision of the samples.  It is left to the discretion of the Project Manager, based on the protocols presented in this guidance document, to decide if and when composite sampling may be appropriate.

6.3.2 Using the SW-846 Procedure

In general, the standard methods of SW-846 will yield a sample number that is smaller than that calculated using this guidance.  The reason for this is that SW-846 assumes that all data are normally distributed and does not take into account an administrative limit.  However, not knowing the underlying distribution of the data requires that more samples be collected to rigorously test the null hypothesis.  Because the collection of additional samples is not particularly costly compared to the cost of analysis, it may be reasonable to perform both sets of calculations and collect samples based on the largest of the two calculated Ns.  The following procedures can be used:

1.   Calculate the numbers of samples required using both SW-846 and this guidance document.

2.   Collect the larger number of samples, according to the guidance document.

3.   Submit the smaller of the two numbers of samples for analysis.

4.   Determine if the data are normally distributed using plotting or other appropriate means (i.e., Shapiro-Wilk test, Shapiro-Francia, Ref. 17 or Toolbox)

5.   If the data are normally distributed, use t-Test to analyze compliance at desired confidence, as per this guidance.

6.   If the data are not normally distributed, use non-parametric test for compliance.

7.   If data do not comply at desired confidence level, submit remainder of samples for analysis.

8.   Re-run non-parametric analysis using full data set to check compliance.

6.3.3 Cost-Benefit Approach to Sampling Design

The reduction of N also can be accomplished through a consideration of the cost of sampling, the cost of analysis, the overall waste management budget, and the cost of a misclassification or inappropriate waste determination.  Real estimates, based on historical BNL data, are used to provide a range of sampling and analytical costs.  The costs associated with waste being rejected by the disposal facility are estimated, based on historical cases.  More difficult to quantify is the cost of the lost credibility experienced by BNL when waste shipments are rejected, limiting further the disposal options that are available, and the additional scrutiny that the waste may undergo at the facility due to a bad track record.  The toolbox can be used to obtain some justification for reducing N based on acceptable risks and to fine-tune the error tolerance numbers and administrative limits to make the number of samples, N, more acceptable relative to the total project cost.

6.4 Quality Assurance/Quality Control

Standard QA/QC samples will be sent to the laboratory for analysis.  The design of the sample QA/QC program depends on the requirements of each project, but generally consists of duplicates, split samples, field and trip blanks, and the like.  Ten percent of the sample number can be designated for use for quality assurance purposes.  Enough sample volume shall be collected for each sample so that the proper QA/QC test can be performed.  This QA/QC is independent and unrelated to any QA/QC procedures performed by the laboratory internally as part of their laboratory certification requirements.  The use of QA/QC samples is recommended for all sampling programs, but can be reduced by the Project Manager or on a case-by-case basis.

6.5 Sampling for Pre-Shipment Waste Profiling

Although not all disposal facilities require pre-shipment profiling, Envirocare of Utah (Envirocare) uses the pre-shipment waste profile to establish whether a waste stream is generally acceptable at their facility (Ref. 8).  The purpose of pre-shipment waste profiling is to bracket the possible high and low concentrations in the shipment.  The pre-shipment analytical results are not used for making a final decision to accept or reject a waste, but to estimate the constituents in a waste stream for planning purposes (such as whether a waste stream is likely to need treatment to meet the Land Disposal Restrictions - LDR).  Therefore, the range of COCs quantified in the pre-shipment sample generally is used, along with subsequent sampling, to verify that the correct shipment has been sent.  Envirocare samples waste shipments as they arrive and compares the results to the pre-shipment profile.  

It is critical that the sample results fall within the brackets of the waste profile.  Table 1 presents the sampling program that they use.  This program is extremely prescriptive and arbitrary and should only be consulted as a reference and not used to design the sampling for waste determination.  If the sampling they perform on waste as it arrives does not fall within the range of expected values established in the pre-shipment profile, even if the concentrations meet the WAC, the waste may undergo additional scrutiny and may be rejected.

To reduce the likelihood of a discrepancy, BNL personnel shall collect samples for pre-shipment in a manner that maximizes the range of values in the pre-shipment sample while still demonstrating WAC compliance.  The goal of this sampling is to provide “worst case” results, to ensure that the disposal facility will not reject a shipment, no matter how they collect their samples.  Therefore, pre-shipment profiling shall not use statistics to ensure the representativeness  of the sample.  Biased sampling for pre-shipment should be performed “authoritatively,” without regard to randomness.  Several samples shall be collected from visible hot spots or from areas where the highest concentrations are suspected for pre-shipment profiling.

6.6 Designing the Sampling Scheme

Deciding on the appropriate sample type or scheme for waste characterization or classification shall be based on the physical, radiological, and chemical characteristics of the waste.  An appropriate sampling design shall be selected to provide sufficient accuracy
 and precision
 to characterize the waste for disposal.  Sample accuracy is usually achieved by incorporating randomness into the sampling design, while precision is improved by increasing the number or size of the samples.  Table 4 summarizes the available sampling schemes and the advantages and limitations of each (Refs. 1d, 1e, 1f, and 1i).  

7.0 Data Analysis for Decision-Making

Statistical analysis uses actual reported laboratory results.  If a result is reported as non-detect (i.e., below the minimum detectable limit), it shall be included in the calculations by using a value that is half the minimum detection limit (Practical Quantitation Limit).  For duplicates, the higher of the two values shall be used.  A detailed discussion of a statistical method to interpret data that have more than 15 percent non-detects can be found in the Fernald Site-Wide Excavation Plan (Ref. 13).

Statistical sampling allows the waste generator to state whether the mean concentration of the COC in the samples (
[image: image20.wmf]x

) is representative of the actual average concentration in the waste population (().  If the sampling protocol outlined in this guidance document has been followed, the sampling should be precise and accurate enough to calculate a 
[image: image21.wmf]x

 that closely approximates (.

There are a number of techniques for determining whether the sample data collected support a conclusion that the waste complies with the WAC and should be shipped.  The following sections describe two different methods.

Table 1.  Example of Envirocare Sampling Protocol

	Radiological Analysis

	1 sample for each of the first 10 shipments (rail or highway) or 1 sample for each for the first 100 cubic yards up to 1000 cubic yards
	1 sample for each additional 500 cubic yards following the first 10 shipments or following the first 1000 cubic yards 

	Immediate Chemical Screening Parameter Analysis

	1 sample for each shipment for the first 1000 cubic yards
	1 sample for each set of 10 shipments following the first 1000 cubic yards

	Deferred Chemical Screening Parameters Analysis

	1 sample for the first set of 10 shipments
	1 sample for each 1000 cubic yards following the first 10 shipments

	Grab Sampling

	Bulk Rail Shipments (nominal 100 cubic yards)
	Composite sample consisting of 6 aliquots from different locations

	Bulk Highway Shipments (nominal 20 cubic yards)
	Composite sample consisting of 2 aliquots from different locations

	20-Yard Boxes
	Composite sample consisting of 2 aliquots from different locations in the box

	B-25 Boxes (3.5 cubic yards)
	Composite sample consisting of 1 aliquot from each of 6 boxes or, if fewer than 6 boxes, 6 aliquots total with at least 1 from each box

	B-12 Boxes (1.8 cubic yards)
	Composite sample consisting of 1 aliquot from each of 6 boxes or, if fewer than 6 boxes, 6 aliquots total with at least 1 from each box

	Drums, Barrels, and Small Containers
	1 aliquot from each drum or, if more than 6 drums, total of 6 aliquots from different drums to form 1 composite

	Container Count Sampling

	B-25 or B-12 Boxes
	Minimum of 6 boxes if more than 6 boxes or all boxes if fewer than 6 boxes

	Drums, Barrels, and Small Containers
	Minimum of 6 containers or 20% of the shipment volume, whichever is greatest for shipments of more than 6 containers, all containers if fewer than 6 containers

	Excursions
	Grab sample from any container where the container count exceeds 1.5 the manifest value and 75% of the license permit of any isotope



(Ref.8)

7.1 Normally Distributed Data

The analysis of sampling data can be performed most simply if the data represent a normal distribution (
[image: image22.wmf]x

>s2) or log-normal distribution.  Determining whether this is the case can be accomplished by plotting the data and visually inspecting it for a bell-shaped curve, or by using the Shapiro-Wilk or Shapiro-Francia Tests included in the Toolbox (from Ref. 13 and 17).  If the data are normally or log-normally distributed, they can be analyzed using the Student’s t-Test.  This parametric statistical method can test whether the mean of the COC in the samples from the waste is less than 80% of the WAC or regulatory threshold at the stated Type I Error probability (95%).  The test shall be performed for each COC.

The following t-Test formula can be used to make the ship/hold determination of normally or log-normally distributed sample results:
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	Where:


[image: image24.wmf]x

= sample mean concentration

s2 = sample variance

N = number of samples

N-1 = degrees of freedom                        (Ref. 13)



The t-distribution for varying number of samples and Type I Error probabilities is used to make the pass/fail determination for the waste, based on a comparison of the calculated t with the values in Table 5.  If t exceeds the critical value t >t0.95 (N-1), the waste can be shipped or classified as non-regulated.

In addition to the statistical evaluation of the data, the analytical results must fulfill two other criteria for the waste to be suitable for shipping to the disposal facility or classified as non-regulated.  First, no one sample result can be more than two times the WAC or regulatory threshold.  If it is, that portion of the waste shall be removed prior to shipment.  Second, no more than ten percent of the samples can exceed the WAC or regulatory threshold by any amount.  

The waste can be shipped or classified as non-regulated if all of these criteria are met.


7.2 Data That Are Not Normally Distributed

For 15 to 20% of the cases where the data are not normally distributed (as determined by performing a Shapiro-Wilk or Shapiro-Francia Tests from Ref. 13 and 17 or Toolbox), or in instances when more than 15% of the sample results are non-detects (rule of thumb), other nonparametric tests, such as the Wilcoxon Signed-Rank Test or the Sign Test, can be used to analyze the data (Refs.13 and 15).  As with the t-test, the test selected shall be performed on each COC to judge compliance or make a waste determination.

The Shapiro-Wilk or Shapiro-Francia test is a regression-based statistics to test for normality. A table of coefficients especially derived for computing the statistic for a sample population up to 50 (Shapiro-WIlk) and can be used in place of the less formal estimate of distribution based on a visual plot.  Other tests (Shapiro-Francia or D'Agostino) are available for sample populations greater than 50 (Ref. 13).  The Toolbox includes the calculations to perform a test on samples of up to 320 points.  

*If the AL as the percentage of the regulatory threshold or WAC has been made less strict than this guidance document recommends (raised from 80% of the WAC) it may not result in the appropriate decisions.

If the distribution is not normal or if it appears that over 50% of the samples will fall above the WAC or regulatory threshold, the non-parametric Sign test can be used in place of the t-Test for analysis of the data. If non-detects comprise between 15 and 40 percent of the samples and the data are symmetrical, the Wilcoxon Signed-Rank test can be used to calculate N and a critical statistic.

8.0 Documentation and Approval

A Waste Control Form (WCF) shall be prepared to document the sampling, analysis, and waste designation for each waste stream to be transported off-site for disposal.  The Project Manager or designee before sampling for waste determination shall prepare the WCF.  The WCF will be used to document the design of the sampling program and the analysis of the sampling data that are used to support a waste determination or waste shipping decision.  Therefore, there are two steps to completing the WCF.  First, approval of the sampling plan must be obtained.  Second, approval of the analysis and decision to classify the waste as regulated or not, and/or the decision to ship the waste or not must be made.

The WCF is submitted to WM with all supporting documentation, along with the requester’s name, phone number, and a requested review date once the sampling plan has been designed and the initial N has been calculated.  The WM Manager or Deputy Manager or designee shall assign a WM staff member to the review of the process by the review and approval of the WCF.  During the review, the assigned WM reviewer shall contact the waste generator or Project Manager if additional information is needed.  Once upon completion of the review of the sampling plan and again with the approval of the waste designation, the WM reviewer shall sign the WCF, make a copy for the WM files.  Waste Generators are responsible for preparing any additional documentation required by the disposal facility, EPA, DOT, or other responsible regulatory bodies.  These forms shall accompany the WCF during the review process and a copy shall be placed in the WM file.

Table 4. Summary of Sampling Schemes

	Sampling Scheme
	Applicability
	Description
	Benefits
	Limitations

	Authoritative

(Grab Sampling)
	Use when extremely familiar with the waste characteristics and contaminant distribution, most appropriate for homogeneous waste 
	Sample is collected without regard to randomness, often based on visual evidence
	Inexpensive and quick, provides valid results for homogeneous waste or when preliminary results are needed
	Is not representative, does not quantify contaminant range or locate hot spots, usually not appropriate for waste characterization

	Simple Random
	Use when little or no information is available about the waste, when waste is thought to be randomly heterogeneous (default sampling design)
	Divide waste into imaginary grid, assign a series of random consecutive numbers to the units, sample based on random number generation
	Achieves sampling accuracy and precision when little is know about the waste 
	Poor accuracy and precision when trends or cycles in population are not recognized, complex sampling design

	Systematic Random
	Use when waste is randomly heterogeneous or only slight stratification is present
	First unit to be sampled is randomly selected, but all others are taken at fixed time or space intervals
	Easy sample design and collection
	Poor accuracy and precision when trends or cycles in population are not recognized

	Stratified Random
	Use when waste is stratified or varies non-randomly over time or location, identifies hot spots
	Numerically identify all strata and randomly sample each stratum
	Will accurately reflect variability of waste and identify hot spots
	Complicated sample design and collection, some prior knowledge about waste is necessary

	Composite
	Use when waste is only slightly variable and cost of sampling is significant compared to cost of mis-characterizing
	Combine a number of random samples into finite composite samples
	Larger sample increases precision, can sample more waste for smaller cost
	Decreases sampling accuracy, masks sample variability, makes Type II errors more likely

	Continuous Field Screening
	Use when continuous reading instruments can be used to measure variability and identify hot spots during waste handling
	Field instruments take continuous readings during waste handling, alarms set to sound when certain thresholds are exceeded
	Sample variability and hot spots easily detected, inexpensive and rapid, can be used to make immediate field decisions
	Not all constituents conducive to screening in the field, screening generally less accurate than laboratory analyses, may have to use surrogate species or total gross measurements


Table 5.  Critical Values of the t-Distributions

	Degrees of Freedom (n-1)
	t.60
	t.70
	t.80
	t.90
	t.95
	t.975
	t.99
	t.995

	1
	.325
	.727
	1.376
	3.078
	6.314
	12.706
	31.821
	63.657

	2
	.289
	.617
	1.061
	1.886
	2.920
	4.303
	6.965
	9.925

	3
	.277
	.594
	.978
	1.638
	2.353
	3.182
	4.541
	5.841

	4
	.271
	.569
	.941
	1.533
	2.132
	2.776
	3.747
	4.604

	5
	.267
	.659
	.920
	1.476
	2.015
	2.571
	3.365
	4.032

	6
	.265
	.553
	.906
	1.440
	1.943
	2.447
	3.143
	3.707

	7
	.263
	.549
	.890
	1.415
	1.895
	2.365
	2.998
	3.499

	8
	.262
	.546
	.889
	1.397
	1.860
	2.306
	2.896
	3.355

	9
	.261
	.543
	.883
	1.383
	1.833
	2.262
	2.821
	3.250

	10
	.260
	.542
	.879
	1.372
	1.812
	2.228
	2.764
	3.169

	11
	.260
	.540
	.876
	1.363
	1.796
	2.201
	2.718
	3.106

	12
	.259
	.539
	.873
	1.356
	1.782
	2.179
	2.681
	3.055

	13
	.259
	.538
	.870
	1.350
	1.771
	2.160
	2.650
	3.012

	14
	.258
	.537
	.868
	1.345
	1.761
	2.145
	2.624
	2.977

	15
	.258
	.536
	.866
	1.341
	1.753
	2.131
	2.602
	2.947

	le
	.258
	.535
	.865
	1.337
	1.746
	2.120
	2.593
	2.921

	17
	.257
	.534
	.863
	1.333
	1.740
	2.110
	2.567
	2.898

	18
	.257
	.534
	.862
	1.330
	1.734
	2.101
	2.552
	2.878

	19
	.257
	.533
	.861
	1.328
	1.729
	2.093
	2.539
	2.861

	20
	.257
	.533
	.860
	1.325
	1.725
	2.086
	2.528
	2.845

	21
	.257
	.532
	.859
	1.323
	1.721
	2.080
	2.518
	2.931

	22
	.256
	.532
	.858
	1.321
	1.717
	2.074
	2.508
	2.819

	23
	.256
	.532
	.858
	1.319
	1.714
	2.069
	2.500
	2.807

	24
	.256
	.531
	.857
	1.318
	1.711
	2.064
	2.492
	2.797

	25
	.256
	.531
	.856
	1.316
	1.708
	2.060
	2.495
	2.787

	26
	.256
	.531
	.856
	1.315
	1.706
	2.056
	2.479
	2.779

	27
	.256
	.531
	.855
	1.314
	1.703
	2.052
	2.473
	2.771

	28
	.256
	.530
	.855
	1.313
	1.701
	2.048
	2.467
	2.763

	29
	.256
	.530
	.854
	1.311
	1.699
	2.045
	2.462
	2.756

	30
	.256
	.530
	.854
	1.310
	1.697
	2.042
	2.457
	2.750

	40
	.255
	.529
	.951
	1.303
	1.684
	2.021
	2.423
	2.704

	60
	.254
	.527
	.848
	1.296
	1.671
	2.000
	2.390
	2.660

	120
	.254
	.526
	.845
	1.289
	1.658
	1.980
	2.358
	2.617

	>120
	.253
	.524
	.842
	1.282
	1.645
	1.960
	2.326
	2.576

	Degrees of Freedom
	-t.40
	-t.30
	-t.20
	-t.10
	-t.05
	-t.025
	-t.01
	-t.005


When the table is read from the foot, the tabled values are to be prefixed with a negative sign.  Interpolation should be performed using the reciprocals of the degrees of freedom. 

Data are extracted from Table III of Fisher and Yates, Statistical Tables, with the permission of the authors and publishers, Oliver & Boyd, Ltd., Edinburgh and London. (Ref.6)

9.0 Roles and Responsibilities

Project Manager – The Project Manager is responsible for ensuring that this guidance, or an equivalent process, is followed for the proper determination of the waste.  The Project Manager will ensure that all sampling technicians are properly qualified and that site safety procedures are followed during the sampling and handling of the waste.  The Project Manager or designee shall prepare the waste control form, perform all necessary calculations (with the help of the WMR), and will sign off as the originator.  He or she will ensure that all current and relevant data regarding the waste is taken into account in the design of the sampling and analysis performed for waste determination.  Specific knowledge regarding the source and configuration of the waste before remediation and intimate knowledge of the handling once removal is undertaken will be documented by the Project Manager in the WCF.  The Project Manager is also responsible for deciding when compositing or cost-benefit analysis is required to reduce the number of samples.

The Project Manager, along with the sampling team, will identify the professional judgment that will be used in the statistical analysis and shall document any variations (with justification) from this guidance.

Waste Management Representative (WMR) – The WMR will aid the Project Manager in the preparation of the WCF.  As needed, the WMR also will ensure that the sampling and sample results conform to the WAC requirements of the disposal facility to which the waste is designated to go and that all paperwork and required documentation has been prepared in accordance with BNL and WM internal requirements.

ES&H Coordinator (ESH) –The ESH Coordinator may be asked to evaluate the chemical and safety hazards of any new or unfamiliar chemicals and make recommendations for their safe management and sampling.

Waste Management Manager (WM) – Once the sampling has been completed and fully documented, the WM Manager or designee is responsible for approving the sampling procedures, analytical results, final waste determination for shipment, or the waste classification as documented in the WCF.
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ATTACHMENT 1

Example Waste Determination 

Worksheet

Example Waste Determination Worksheet*
Brookhaven National Laboratory

Problem statement:  A waste pile consists of bulk soils containing hazardous levels of mercury and lead.  Design the appropriate sampling program to make a waste determination if there are no known hot spots in the waste and the concentrations in the waste fall very close to the disposal facility WAC.

Disposal facility WAC:  The disposal facility can accept waste with any concentration of lead, but must treat soils that have a TCLP extract concentration above 5.0 mg/L so they will meet the Land Disposal Restriction (LDR) treatment standards for D008 (40 CFR 268.41).  

The disposal facility will not accept any waste that contains mercury at concentrations above 260 mg/kg.  For D009 waste with concentrations below this threshold, but whose TCLP extract exceeds the treatment standards in the LDR, the waste must be treated before it is land filled.

The decision:  Two decisions have to be made.  First, it must be determined whether this waste is classified as a hazardous waste according to the TCLP test.  This can come from historical data, which show that the waste is classified as a hazardous waste for both lead and mercury.  The second step is to determine whether the waste will meet the waste acceptance criteria of the disposal facility.  Any concentration of lead is acceptable to the disposal facility because it can be treated on-site.  Therefore, the decision whether or not to ship the waste is not being driven by its lead content.  The acceptance of the shipment will depend on whether the waste is above or below the 260-mg/kg limits for mercury.

Given:  Ten samples of the waste were collected and tested for mercury and lead during the Remedial Investigation before the soils were excavated.  The following results were documented.  Based on these results, the waste is classified as a characteristic hazardous waste (D008 and D009).

	Existing Data from Remedial Investigation

	Sample No.
	Total Lead (mg/kg)
	TCLP Lead (mg/L)
	TCLP Mercury (mg/L)
	Total Mercury (mg/kg)

	1
	60
	3.0
	6.7
	135

	2
	68
	3.4
	11.5
	230

	3
	93
	4.6
	10.0
	200

	4
	140
	7.0
	3.9
	79

	5
	196
	9.8
	7.8
	155

	6
	210
	10.5
	13.0
	260

	7
	75
	3.7
	14.2
	284

	8
	129
	6.4
	8.1
	162

	9
	136
	6.8
	9.8
	196

	10
	130
	6.5
	12.3
	246

	
	TCLP for Lead = 5.0 mg/L
	TCLP for Mercury = 0.2 mg/L


Selection of sample type:  From what is known about the waste from these existing analytical results and from observations during excavation, there are no identifiable hot spots, staining, visible mercury, or strata in the waste.  Therefore, it can be concluded that the waste is relatively homogeneous and can be sampled using a combination of simple random and composite sampling.  

The sampling can be accomplished by superimposing a square sampling grid across the surface of the soil pile, with a node located every ten feet.  A number is assigned to each of the nodes.  Once the number of samples for waste determination has been calculated, a random number generator will be used to identify which nodes will be sampled.  

Each sample location will have samples collected from a vertical hole at an interval of every two feet, from 0.5 feet below the surface to the bottom of the soil pile.  These individual samples (approximately three per location) will be composited into a single sample that will represent each location or node that has been identified for sampling.  

Calculation of number of samples:  The number of samples to be collected for waste determination is calculated following the eight steps detailed in the guidance document.  These calculations use historical, RI data.

Step 1:  The likely range of COCs in the waste pile:


Lead:  

Total 60 to 210 mg/kg, TCLP 3.0 to 10.5 mg/L


Mercury:
Total 79 to 284 mg/kg, TCLP 3.9 to 14.2 mg/L


Mean leachable lead concentration: 6.2 mg/L


Mean total mercury concentration: 194.7 mg/kg


Mean leachable mercury concentration: 9.7 mg/L

Step 2:  
WAC for Lead = none, must be treatable to 5.0 mg/L TCLP


WAC for Mercury = 260 mg/kg


Administrative Limit or LBGR for Hg = 0.80 x 260 mg/kg = 208 mg/kg


α = probability of a Type I Error = 0.05 (5% probability that waste exceeding the Hg WAC will be shipped)


β = probability of a Type II Error = 0.2 (20% probability that waste below the Hg WAC will be held)

Step 3:
ShiftHg = ∆ = WACHg-LBGRHg = 260-208 = 52 mg/kg = 

Step 4:
Standard DeviationHg = 
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  = 63.02

Step 5:
Relative shift = ∆/s =shift divided by standard deviation


∆/s = 52/63.02 = 0.8252


sign (p) = 0.788 (from Table 2)

Step 6:
Z1-α  = 1.645


Z1-β  = 0.842 (from Table 3)

Step 7:
N =   (Z1-α + Z1-β)2 / 4{sign(p)-0.5}2 = (1.645 + 0.842)2/ (4)(0.788 – 0.5)2

N = 6.185/4(0.288)2 = 18.6 or 19 samples, collect 40% more


If more than one COC is analyzed, perform separate calculations for each COC and use the largest N value.

Step 8:
Collect 26 samples; send 21 to the laboratory for total and TCLP mercury analyses and archive 5.  

Analysis of the data: Sampling for waste determination was performed.  Twenty-one samples of waste were tested for total and TCLP mercury.  The following results were obtained.

	New Data from Statistical Sampling of Waste Pile

	Sample No.
	Total Mercury (mg/kg)
	TCLP Mercury (mg/L)
	Sample No.
	Total Mercury (mg/kg)
	TCLP Mercury (mg/L)

	1
	123
	6.0
	11
	248
	12.4

	2
	98
	4.9
	12
	137
	6.8

	3
	172
	8.6
	13
	122
	6.1

	4
	156
	7.8
	14
	177
	8.8

	5
	268
	13.4
	15
	203
	10.1

	6
	191
	9.5
	16
	147
	7.3

	7
	197
	8.8
	17
	202
	10.1

	8
	102
	5.1
	18
	187
	9.8

	9
	206
	10.3
	19
	156
	7.8

	10
	279
	13.8
	20
	146
	7.3

	TCLP for Hg = 0.2 mg/L
	21
	174
	8.7


Four analyses must be performed before a decision to ship the waste to the disposal facility is made.  These are: 

1) re-calculation of the number of samples (N’), based on samples obtained from the waste pile, to determine whether a sufficient number of samples were analyzed for waste determination, 

2) calculation of the percentage of samples above 80% of the WAC, 

3) number of samples with concentrations of two times the WAC or greater, and 

4) t-Test analysis of the data to determine whether “t” exceeds the critical value.

Analysis of Number of Samples: The number of samples is re-calculated (N’), based on actual waste pile sampling data, to ensure that a sufficient number of samples were collected.

Re-Calculated Step 4:  Standard DeviationHg = 
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  = 49.35 mg/kg

(waste is less variable than originally thought)

Re-Calculated Step 5:  Relative shift = ∆/s = 52/49.35 = 1.05


sign (p) = 0.85284 (from Table 2)

Re-Calculated Step 7:  N’ =   (Z1-α + Z1-β)2/ 4{sign(p)-0.5}2 = 

(1.645 + 0.842)2/ (4)(0.85284 – 0.5)2

N’ = 6.185/0.498 = 12.4 or 13 samples

The waste determination samples exhibited less variation than the previous RI samples, resulting in a lower calculated sample number.  Because the re-calculated number was smaller than the number of actual samples taken, no additional samples need to be collected or analyzed for waste determination.  (If N’>N, N’-N additional samples would have to be taken from archives and analyzed or collected and analyzed if archives did not contain enough.)

Percentage of Sample Concentrations >80%WAC

Out of 21 samples, two have concentrations above the WAC (9.5%) and three have concentrations that exceed 80% WAC (14%)

Number of Samples Greater than Twice the WAC

There are no samples that exhibit concentrations more than two times the WAC.

Analysis using the t-Test:
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From Table 5, t.95 with N-1 or 20 degrees of freedom (N-1) = 1.725

Therefore, the calculated t exceeds the critical value of t.95

2.99>1.725
Decision to ship: If all of the sample results for mercury show concentrations below the Administrative Limit (80% of the WAC) of 208 mg/kg, the waste could be shipped without further statistical comparisons.  However, one result exceeds the AL (#11 at 248 mg/kg>208 mg/kg), so the following three criteria all must be met to make a determination decision.  Note: If the AL is adjusted to reduce the N (say from 0.80WAC to 0.90WAC), these criteria alone can no longer be used to make a determination decision.

Three criteria must be met for the waste to be shipped to the designated disposal facility.  The answer to all of the questions below must be “yes” for the waste to be approved for shipment.

1. Are fewer than 10 percent of the samples greater than 80% WAC?

2. Are all sample concentrations less than twice the WAC?

3. Does the t-value exceed the critical value?

In this example, two of the three criteria are met, but 14% (>10%) of the sample concentrations exceed 80% of the WAC.  Strictly following the guidance document, this waste stream should not be shipped.  However, there is some discretion that can be exercised by the Project Manager and WMR regarding using the administrative limit (208 mg/kg) rather than the WAC (260 mg/kg) as a means of deciding whether the waste should be shipped or not.  It is not a clear-cut case of rejecting the waste.  If the error tolerance can be adjusted slightly, if the administrative limit can be relaxed, or if more samples can be analyzed, it appears that there is a reasonable argument for shipping this waste.
















































The objectives of waste characterization are to ensure:


Safe waste handling and environmental protection,


Compliance with DOE and DOT packaging and transportation requirements, 


Ensure materials are classified properly, and


Acceptance of the wastes by the disposal facility (meets the Waste Acceptance Criteria or WAC).





Receipt by TSDF





Low-Level Waste Transport





Truck Loading and Surveys





Preparation of Shipping Manifest





Preparation, Review and Approval of TSD Request





Compaction/ Packaging





Water Processing Facilities





Direct Solidification





Sorting





Liquids





Solids











Classifying Waste as Regulated





Non-regulated  if all COC sample results are below 80% of the regulatory threshold


Non-regulated if no individual sample contains COCs>2 x threshold, and


Non-regulated if 90% of samples are below threshold, and


If t exceeds the critical value t0.95(N-1)





Decision to Ship Waste





Ship if all COC sample results are below 80% of the WAC* or


Ship if no individual sample contains COCs>2 x WAC, and


Ship if 90% of samples are below WAC, and


Ship if t exceeds the critical value talpha(N-1)














� Gross alpha surveys should not be performed on bulk materials; laboratory screening should be pursued instead.


� Gross beta surveys must be performed with great care on bulk materials, due to the potential for misinterpretation. 





� These techniques must be adjusted when evaluating the results of the RCRA test for corrosivity, which concerns wastes having a pH that exceeds 12 or is below 2.


� RCRA and TSCA regulations generally prohibit mixing RCRA characteristic waste with non-characteristic waste in order to render it non-hazardous or highly contaminated TSCA waste with less contaminated waste to render it non-regulated.  However, mixing waste that exceeds the WAC with that which is below the WAC for the purposes of creating a waste whose average concentration falls below the WAC is not prohibited, as long as the mixing does not affect its RCRA or TSCA classification.





� Waste blending may also be appropriate when attempting to reduce disposal costs, such as blending soils with debris to receive the lower soil disposal rate.


� If existing data are used to calculate the number of samples, some adjustment should be made to the mean concentration used in the calculation if the data have outliers that represent a hot spot that will be removed before subsequent characterization sampling takes place.





� This AL can be adjusted, based on professional judgment, but any changes must be justified and documented as differing from the guidelines.


� Sampling accuracy is a measure of the closeness of a sample value to its true value (().


� Sampling precision is the measure of the closeness of repeated values to each other.





* See the Waste Determination Toolbox for electronic version of these calculations.
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