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BATTELLE COLUMBUS LABORATORIES DECOMMISSIONING PROJECT


EXTERNAL DOSIMETRY TECHNICAL BASIS DOCUMENT


1.0  INTRODUCTION

Scope

The Battelle Columbus Laboratory's Decommissioning Project (BCLDP) is a decontamination and decommissioning (D&D) project at the Battelle Memorial Institute (BMI) operating under Department of Energy (DOE) Radiation Protection Oversight originally through the provisions of the Surplus Facilities Management Program (SFMP), subsequently Environmental Management (EM), and under BMI's Nuclear Regulatory Commission (NRC) License SNM-7.  The mission of the project is to (1) characterize facilities and surrounding areas at the King Avenue and West Jefferson sites where work with radioactive materials was performed under contract to the government (prior to 1985), and then (2) decontaminate areas found to have residual contamination to levels below which regulatory restriction would be required.  This document provides the technical basis for measurement of exposure to personnel from sources external to the body, hereafter known as the External Dosimetry Program.


Purpose

Battelle is committed to ensuring that occupationally exposed personnel and the public are not exposed to radiation levels which would exceed NRC or other applicable regulatory dose limits during D&D and surveillance and maintenance (S&M).  To help fulfill this commitment, BCLDP has adopted an operating philosophy that exposures to radiation and radioactive materials shall be maintained “as low as reasonably achievable” (ALARA).  This philosophy ensures that exposures are minimized and a reciprocal benefit is demonstrated for dose received.  For this reason the document “Radiation Protection Program for the Battelle Columbus Laboratories Decommissioning Project”, DD-90-02, has been developed.  This document provides guidance in controlling exposures encountered during work evolutions for the duration of the project.  Thus, measurement of exposure to radiation sources external to the body through the use of dosimetry devices becomes an integral part of ALARA.  BCLDP has in place an External Dosimetry Program to provide assurance that doses received by workers are accurately measured and recorded.  BCLDP's commitment to ALARA includes the development of this technical basis document (TBD) for the External Dosimetry Program.  The TBD performs two primary functions:


1.
It describes the requirements for the External Dosimetry Program


2.
It describes the measures that BCLDP has taken to meet or exceed these requirements.


The TBD covers all aspects of external dosimetry including: identification of regulatory requirements and dose limits applicable to the program; identification of administrative organizations and responsibilities; establishment of administrative dose limits to ensure compliance with regulatory limits; a description of radiological characteristics associated with the program; establishment of external exposure controls; and a description of the External Dosimetry Program.  The External Dosimetry Program is designed to assure proper administration of the program as well as proper selection, performance testing, issue and control of dosimeter devices.  Implementation of the program described in the TBD will not only ensure regulatory compliance but will ensure radiation exposures are ALARA.


2.0  REGULATORY REQUIREMENTS AND STANDARDS

BCLDP's External Dosimetry Program is designed to meet regulatory requirements based on the known hazards associated with research contracted from the United States government through DOE and its predecessor agencies over the past 50 years.  Although the primary focus of the BCLDP is clean-up of DOE-owned radioactive material, the External Dosimetry Program must comply with NRC requirements as specified in Battelle's SNM-7 License. This section summarizes the regulatory requirements in the BCLDP External Dosimetry Program.

Code of Federal Regulations


10 CFR Part 19 “Notices, Instructions and Reports to Workers: Inspection and Investigations”

Purpose.  The regulations in this part establish requirements for notices, instructions and reports by licensees to individuals participating in licensed activities and options available to these individuals in connection with NRC inspections of licensees to ascertain compliance with the provisions of the Atomic Energy Act of 1954 as amended, Title II of the Energy Reorganization Act of 1974, and regulations, orders, and licenses thereunder regarding radiological working conditions.  The regulations in this part also establish the rights and responsibilities of the NRC and individuals during interviews compelled by subpoena as part of agency inspections or investigation pursuant to section 161c of the Atomic Energy Act of 1954, as amended, on any matter within the NRC's jurisdiction.


Scope.  The regulations in this part apply to all persons who receive, possess, use, or transfer material licensed by the NRC pursuant to the regulations in Parts 30 through 36, 39, 40, 60, 61, or Part 72 of this chapter, including persons licensed to operate a production or utilization facility pursuant to Part 50 of this chapter and persons licensed to possess power reactor spent fuel in an independent spent fuel storage installation (ISFSI) pursuant to Part 72 of this chapter.


Program Applicability.  This part of the Code of Federal Regulations specifies the notice and reports to individuals participating in a radiological program and applies to Battelle as a licensee and the Dosimetry Program for BCLDP regardless of whether activities are under DOE control.


10 CFR PART 20 “Standards For Protection Against Radiation”

Purpose.  The regulations in this part establish standards for protection against radiation hazards arising out of activities under licenses issued by the NRC and are issued pursuant to the Atomic Energy Act of 1954, as amended, and the Energy Reorganization Act of 1974.


The use of radioactive material or other sources of radiation not licensed by the NRC is not subject to the regulations in this part.  However, it is the purpose of the regulations in this part to control the possession, use, and transfer of licensed material by any licensee in such a manner that the total dose to an individual (including exposures to licensed and unlicensed radioactive material and to other unlicensed sources of radiation, whether in the possession of the licensee or any other person, but not including exposures to radiation from natural background sources or medical diagnosis and therapy) does not exceed the standards of radiation protection prescribed in the regulations in this part.


In accordance with recommendations of the Federal Radiation Council, approved by the President, persons engaged in activities under licenses issued by the NRC pursuant to the Atomic Energy Act of 1954, as amended, and the Energy Reorganization Act of 1974 should, in addition to complying with the requirements set forth in this part, make every reasonable effort to maintain radiation exposures, and releases of radioactive materials in effluent to unrestricted areas, as low as reasonably achievable.  The term “as low as is reasonably achievable” means as low as is reasonably achievable taking into account the state of technology and the economics of improvements in relation to benefits to the public health and safety, and other societal and socioeconomic considerations, and in relation to the utilization of atomic energy in the public interest.


Scope.  The regulations in this part apply to all persons who receive, possess, use, or transfer material licensed pursuant to the regulations in Parts 30 through 36, 39, 40, 60, 61, 70, or 72 of this chapter, including persons licensed to operate a production or utilization facility pursuant to Part 50 of this chapter.


Program Applicability.  This part of the Code of Federal Regulations regulates the standards for protection against radiation as it applies to BCLDP and the Dosimetry Program specifically.


10 CFR Part 30 “Rules of General Applicability To Domestic Licensing Of By-Product Material”

Purpose.  This regulation establishes the applicability of requirements for by-product material licensees.


Scope.  This part prescribes rules applicable to all persons in the United States governing domestic licensing of by-product material under the Atomic Energy Act of 1954, as amended (68 Stat. 919), and under Title II of the Energy Reorganization Act of 1974 (88 Sat. 1242), and exemptions from the domestic licensing requirements permitted by Section 81 of the Act.  This part also gives notice to all persons who knowingly provide to any licensee, contractor, or subcontractor, components, equipment, materials, or other goods or services, that relate to a licensee's activities subject to this part, that they may be individually subject to NRC enforcement action for violation of 10CFR 30.10.


Program Applicability.  This part defines exempt quantities and concentration of by-product materials, which require licensing.  Quantities at greater than exempt concentration may require monitoring.


10 CFR PART 70 “Domestic Licensing of Special Nuclear Material”

Purpose.  This regulation establishes criteria for the issuance of licenses to receive title to, own, acquire, deliver, receive, possess, use, and initially transfer special nuclear material; and establish and provide for terms and conditions upon which the commission will issue such licenses.


Scope.  This part applies to persons in the United States.  This part gives notice to all persons who knowingly provide to any licensee, contractor, or subcontractor, components, equipment, material, or other goods and services that relate to licensee’s activities subject to this part, that they may be individually subject to NRC enforcement action for violation of part 70.10.


Program Applicability.  This defines the requirements for owning and  transfer of special nuclear material.  BCLDP activities are authorized by Battelle’s SNM-7 License.


15 CFR PART 285 “National Voluntary Laboratory Accreditation Program”


Purpose.  This regulation sets the procedures and general requirements under which the National Voluntary Laboratory Accreditation Program (NVLAP) operates.  


Scope.  NVLAP is a system for accrediting calibration laboratories and testing laboratories to show their ability to meet NVLAP conditions.  It identifies competent laboratories for use by regulatory agencies, purchasing authorities, and product certification systems.


Program Applicability.  Battelle’s NRC license requires that TLDs used are NVLAP accredited. 

Department of Energy Orders


DOE Order 231.1 “Environmental Safety and Health Reporting”

Purpose.  To ensure collection and reporting of information on environment safety and health that is required by law or regulation to be collected or that is essential for the evaluation of DOE operations and identifying opportunities for improvement needed for planning purposes within DOE.


Scope.  The provisions of this order apply to the dosimetry dose reporting into the DOE system for BCLDP, DOE Columbus Environmental Management Project (CEMP), and DOE visitors.


Program Applicability.  This order provides specific guidance through DOE M231.1-1, Chapter III, for dose reporting.


DOE Order 5480.15 “DOE Laboratory Accreditation Program” (DOELAP)

Purpose.  To establish requirements for evaluating DOE and contractor dosimetry programs.


Scope.  The provisions of this Order apply to all DOE Elements and contractors performing work for the DOE as provided by law and/or contract and as implemented by the appropriate contracting officer.


Program Applicability.  This order, and associated handbooks DOE/EH-0026, Handbook for the Department of Energy Laboratory Accreditation Program for Personnel Dosimetry Systems” and DOE/EH-0027, “Department of Energy Standard for the Performance Testing of Personnel Dosimetry Systems”, outline the process through which a contractor external dosimetry program can achieve accreditation.  BCLDP management has chosen to make all TLDs used in the Dosimetry Program DOELAP accreditable.

Guidance Documents

ANSI N13.11-1993  American National Standard for Dosimetry - Personnel Dosimetry Performance - Criteria for Testing


Purpose.  The purpose of this standard is to provide a procedure for testing the performance of suppliers of dosimetry services for personnel potentially exposed to ionizing radiation.  The performance is tested under controlled conditions of dosimeter irradiation with photons, electrons (beta particles), moderated fission neutrons, and mixtures of these radiations, originating from external sources.


Scope.  Specifications are given for personnel dosimetry performance for any type of dosimeter whose reading is used to provide a lifetime cumulative personnel irradiation record of an individual. Extremity dosimeters of any kind, direct/indirect-reading quartz-fiber pocket 

dosimeters, and electronic dosimeters are among those not covered by the tests.


Program Applicability.  This standard requires that the dosimetry system response be determined using the following sources, which are also characteristic of the energies that may be encountered in D&D.

    

•
A sealed Cs-137 gamma-ray source.

    

•
A sealed Sr-90/Y-90 beta particle source with 100-mg/cm2 shield.

    

•
A sealed Tl-204 beta particle source with characteristics as defined in ISO 6980 (maximum energy through window (0.53 Mev).

    

•
A natural or depleted uranium slab source.


ANSI N13.15-1985 American National Standard for Radiation Detectors – Personnel Thermoluminescence Dosimetry Systems - Performance


Purpose.  This document standardizes the performance criteria of TLD systems according to the American National Standards Institute.

Scope.  This standard specifies performance criteria and test procedures for personnel thermoluminescence dosimetry systems.  The test procedures are designed to determine the precision and accuracy of thermoluminescence dosimetry systems for beta-, gamma-, and x-radiation under conditions that may exist during occupational exposure.  Standards for performance are given for each of the radiations measured separately and for mixtures.


Program Applicability.  Guidance in this document applies to the establishment of criteria for testing TLDs used in BCLDP.


ANSI N13.41-1997 Criteria for Performing Multiple Dosimetry


Purpose.  This standard provides guidance for when to monitor using multiple dosimeters.  It provides guidance on placement of dosimeters, interpretation of results, and recording of results.


Scope.  Once multiple dosimetry is deemed necessary, this standard provides criteria for when and how to use multiple dosimeters to monitor the whole body and extremities.  It recommends dosimeter types, the placement of dosimeters, the interpretation of results, and the reading of results.


Program Applicability.  This document provides BCLDP with guidance for multi-badging.

NCRP Report No.106, December 31, 1989 Limit for Exposure to “Hot Particles” on the Skin


Purpose.  This report reviews the radiobiological effects of hot particles on the skin and recommends a limit on the product of their beta-particle emission rate and duration exposure. 


Scope.  Beta particles are the radiation of concern.  For this report, a hot particle is an arbitrarily considered to be a discrete radioactive fragment that is insoluble and is no larger than 1 mm.  Only hot particles directly on the skin are considered in this report.


Program Applicability.  Exposure from hot particles is a possibility in BCLDP.  This report provides recommendations on radiation exposure limits for hot particles on the skin.


3.0  REGULATORY LIMITS

This section provides a summary of dose limits for radiation workers and the general public who would visit facilities where radiological work is performed.  This summary is based on NRC requirements. Exposures shall be maintained well below the limits in Table 3-1, “Summary of Dose Limits” in keeping with ALARA principle.  Administrative Control Levels for BCLDP exposures are described in Section 6.0.


Limits are based on summation of external and internal (TEDE).   Internal dose to the whole body shall be calculated using the committed dose equivalent (CDE) and weighting factors.  The committed effective dose equivalent (CEDE) is the resulting dose committed to the whole body from internally deposited radionuclides over a 50-year period after intake.  The weighting factor is a value determined by ratioing the risk to the organ to the risk to the whole body.  See Table 3-2 for weighting factors used in converting CDE (Ht,50) to CEDE (He,50).  The TEDE is the sum of CEDE and external dose expressed as deep dose equivalent (Hd) as referenced in the Internal Dosimetry Technical Basis Document. 


Neither medical exposures to ionizing radiation nor exposures to background radiation shall be included in either personnel radiation dose records or assessment of dose comparison to limits.


Non-uniform exposures of the skin from x-rays, beta radiation and radioactive materials on the skin, including hot particles, shall be assessed and recorded as specified in the Table 3-3, “Summary of Non-Uniform Exposure of The Skin.”


TABLE 3-1.  SUMMARY OF DOSE LIMITS
PRIVATE 
TYPE OF EXPOSURE
ANNUAL LIMIT

Radiological Worker:  TEDE1 (internal + external)
5 rem 

Radiological Worker:  Skin or Extremity (hands and arms below the elbow; feet and              legs below the knees)  Shallow dose at 0.007 cm.
50 rem 

Radiological Worker:  Lens of Eye (taken as the dose equivalent at a tissue depth of 0.3 cm)
15 rem

Radiological Worker:  TODE2;  Sum of deep dose equivalent (Hd) and CDE (Ht,50)                 any organ or tissue excluding the lens of the eye.
50 rem

Declared Pregnant Worker:  DOSE (Embryo/Fetus) The dose is the sum of DDE to                                                  declared pregnant woman and the dose to embryo/fetus                                                 from radionuclides in the declared pregnant woman.                                                      This is technically TEDE.
0.5 rem 

(during entire gestation period)

Minors and Students (under age 18):  The NRC limit for this is 10% of annual limit                                                                specified for adult workers in 10CFR                                                                              20.1201.
0.5 rem 

Visitors3 and public:  TEDE
0.1 rem 


1  TEDE
= Total Effective Dose Equivalent


       

= Hd + HE,50



where:
Hd
= deep dose equivalent measured by TLD at a tissue depth of 1 cm.






HE,50
= committed effective dose equivalent






HE,50
= ( WT HT50





where:
HT,50
= Committed dose equivalent to the organ or tissue








WT
= Weighting factor

2 
TODE
= Limiting Organ Dose Equivalent


     

= Hd + HT,50
3 
 Applies to visitors who have not completed training but have training requirement waived and are accompanied by a trained escort.


TABLE 3-2.  WEIGHTING FACTORS FOR ORGANS AND TISSUE
ORGANS OR TISSUES
WEIGHTING FACTOR

Gonads………………………

Breasts……………………… 

Red bone marrow…………...

Lungs……………………….

Thyroid……………………..

Bone surfaces………………

Remainder1………………...

Whole Body2……………....


  0.25

 0.15

 0.12

 0.12

 0.03

 0.03

 0.30

  1.00

1
“Remainder” means the five other organs or tissues with the highest dose for the case being considered (e.g., liver, kidney, pancreas, stomach, small intestine and upper large intestine).  The weighting factor of 0.3 means that a weighting factor of 0.06 is assigned to each of the five “remainder” organs.

2
A weighting factor other than 1 for external exposure will be approved on a case-by-case basis until specific guidance is issued.

TABLE 3-3.  SUMMARY OF NON-UNIFORM EXPOSURE OF THE SKIN
PRIVATE 
AREA OF SKIN IRRADIATED 
METHOD OF AVERAGING, ADDING TO OTHER DOSES RECEIVED, AND RECORDING NON-UNIFORM SKIN DOSE 

> 100 cm2
TODE Limit of

50 rem/yr.
Averaged over the 100 cm2 of skin receiving the maximum dose

Added to any uniform dose equivalent also received by the skin

Recorded as the annual extremity or skin (shallow) dose equivalent (H)

> 10 cm2 < 100 cm2
TODE Limit of

50 Rem/yr.
Averaged over the 1 cm2 of skin receiving the maximum dose (D), reduced by the fraction (f) which is the irradiated area in cm2 divided by 

100 cm2 (i.e., H=fD), f ( 0.1.

Added to any uniform dose equivalent also received by the skin

Recorded as the annual extremity or skin (shallow) dose equivalent

< 10 cm2
Limit of 

75 (Ci-hrs/incident *
Averaged over the 1 cm2 of skin receiving the maximum dose 

Not added to any other dose equivalent, extremity or shallow dose equivalent (skin) recorded for the annual dose equivalent

Recorded in a person's radiation dose record as a special entry

*
Based upon NCRP Report 106, “Limit for Exposure to “Hot Particles” on the Skin”.


4.0  ADMINISTRATION

Organization

This section describes the Battelle organizational structure and the placement of the BCLDP Radiation Protection Program within that structure.  Battelle's Chief Executive Officer (CEO) is accountable for the overall safe operation of Battelle and delegates the responsibility for conduct of technical operations in the area of decontamination and decommissioning to the Associate Laboratory Director, Environmental Technologies.  The Associate Laboratory Director, Environmental Technologies, delegates responsibility for the BCLDP to the D&D Operations Program Manager.  The D&D Operations Program Manager delegates responsibility and authority for D&D radiation protection to the Safety, Health, and Environmental Support (SHES) Manager.  The Battelle Radiation Safety Officer (RSO), reporting to the Battelle Manager of Environmental, Safety and Health (ES&H), provides an oversight function for the project.

Responsibilities
Battelle Management.  


Battelle's CEO is accountable for the overall safe operation of Battelle and has the ultimate management authority and accountability for the establishment and enforcement of Battelle regulatory compliance programs.  Responsibilities of the Associate Laboratory Director, Environmental  Technologies, include developing overall radiation protection policies for D&D Operations (DDO), including the BCLDP, and delegating the authority for implementation and enforcement of requirements that assure both regulatory compliance and the health and safety of workers and the general public.  The D&D Operations Program Manager is accountable for these delegated functions as well as for BCLDP administration, planning, execution, and end products. The D&D Operations Program Manager is directly responsible for all radiation protection activities, both operational and oversight (except for the RSO), within the BCLDP.  The flow of responsibility can be seen in Figure 4-1.  Responsibility for operational areas is delegated to the Manager for Remedial Action (MFRA), who is supported by the SHES Group.
SHES Department.  


The SHES Manager and SHES Department are responsible for the daily implementation of the BCLDP Radiation Protection Program.  This department provides personnel to support the activities associated with the radiation protection program.  Responsibilities of this department include ALARA implementation and coordination, maintenance of survey data, development and implementation of policies regarding radiation protection, support of radiation protection training, and provision for technical and support services, including dosimetry support, as required for the radiation protection program.

Radiation Protection.  


The current SHES Manager may serve as the Radiation Protection Manager (RPM) for the BCLDP.  The SHES manager reviews and approves all procedures, work plans and work instructions.  The SHES manager also administers the Radiological Work Permit (RWP) program that applies specific ALARA requirements to each work task.  The project has established a formal ALARA program administered by the ALARA coordinator.  This program requires ALARA goals and objectives, pre-job and post-job reviews, and performance tracking.  Formal reports are issued to management to ensure proper review.


Reporting to the SHES manager are the managers of the two Health Physics groups; the

Radiological Field Operations Manager (RFOM) and the Radiological Technical Support (RTS) Manager.  The RFOM is responsible for Operational Health Physics and Health Physics Support.  The RTS Manager is responsible for Dosimetry, ALARA, and Radiological Technical Support.


Health Physics authority and responsibility flows down through the managers to the HP Shift Supervisor, the Dosimetry Supervisor, the ALARA Coordinator, and Lead HP Technicians.


Detailed discussions of each area of the Health Physics program are found in DD-90-02. An outline of general roles, responsibilities, and authorities is presented below.


Field Operations.  The field operations section provides measurement of radiation fields and contamination conditions that may contribute to dose.  A division of responsibilities provides for a level of detail which assures personnel protection and reconstruction of conditions for dose evaluation.  The RFOM is responsible for overall HP Operations. HP Shift Supervisors direct the activity of lead technicians over three areas of responsibility:

    

·
Operations



·
Surveillance and Maintenance

    

·
Releases


HP Support is comprised of seven sections:



·
Instrumentation

    

·
Radiation Work Permits

    

·
Training



·
Respiratory Protection

    

·
Radioactive Source Control

    

·
Document Control

    

·
Procurement


Radiological Technical Support Operations.  The responsibility for technical support in the areas of dose evaluations, program and equipment evaluations, technical basis documents, etc. is managed by the RTS Manager.  Resources are provided by the staff and management of the SHES department on an as needed basis.  Dosimetry and Health Physics expertise is acquired from consulting firms when necessary.   Performance tracking and awareness reporting is also provided to the project by the RTS Manager.

Figure 1.0 goes hereRadiation Protection Organization


 

Figure 4-1 Radiation Protection Organization


Dosimetry.  The BCLDP Dosimetry Group is currently managed by the Dosimetry Supervisor who reports to the RTS Manager.  The Dosimetry Supervisor and support staff operate from the West Jefferson site with dosimetry technician support at King Avenue.  Supplemental support of dosimetry functions is provided by HP Operations, as necessary.


Currently, Dosimetry uses the services of a vendor for TLD processing that is DOELAP accreditable and NVLAP approved.  Dosimetry is responsible for:



·
Routine dosimetric monitoring,



·
Special dosimetric monitoring,



·
Exposure records management,



·
Internal and external dose tracking,



·
Bioassay program, 



·
Dosimeter quality control program, and



·
Required dose reporting per NRC and DOE requirements


ALARA.  Project ALARA is supervised by the ALARA Coordinator who reports to the RTS  Manager.  The ALARA Coordinator, on an as needed basis, is supported by a technician with supplemental staffing provided by HP.  The ALARA Coordinator is responsible for:





·
Annual ALARA goals,

    

·
Pre-job ALARA reviews and reports,

    

·
Post-job ALARA reviews and reports,

    

·
Providing guidance to staff concerning maintaining exposures ALARA,

    

·
Monthly and quarterly ALARA status reports,

    

·
ALARA audits.


The ALARA Coordinator, in addition to his/her formal responsibilities promotes the ALARA philosophy to the project staff and management.

Internal Support Organizations and Functions.

Table 4-1, “Support Organization and Functions,” provides a breakdown of additional support available to BCLDP and the Dosimetry Program along with associated areas of responsibility.


Table 4-1.  Support Organization and Functions
PRIVATE 

Organization
Health Physics Related Function
Cognizant Manager

Quality Department
Assessments
Manager, Quality Department, BCLDP

Radiation Protection Oversight Group
Independent Oversight and Assessment
Manager, Regulatory Compliance and Environmental Safety & Health Oversight

Battelle Radiation Safety Officer
Oversight
Manager, Environment, Safety and Health Support


5.0  RADIOLOGICAL CHARACTERIZATION

A major responsibility of the BCLDP is to characterize facilities used in the scientific research involving radiological materials.  Historical records have served to help determine the nature of much of the material brought into the facilities, however, physical (e.g., surveys) measurements are necessary to determine the types of radioactive contamination in a given location.  Tables 5-1 A-C provide a summary of the types of radioactive material and energy ranges expected during characterization and subsequent D&D.  Beta emitters as a result of isotope tracer studies. Fuel fabrication materials such as uranium and thorium, and mixed fission products are present as a result of reactor fuels research.  Gamma emitters are present because of mixed fission and activation products associated with the same research.  A large number of small sealed or contained sources have also been identified in the program.  These will be eliminated to the extent possible through recycling or disposal.  The variety of these sources and conditions that contribute to exposure potential call for broad range dosimeter capability.  Information regarding characterization is referenced in DD-98-04 “Waste Characterization Classification, and Shipping Support Technical Basis Document”.


Table 5-1A.  Predominant Radionuclides Present in BCLDP Facilities

PRIVATE 
Sr-90/Y-90

Cs-134

Cs-137

Co-60

Eu-154

Cm-244

H-3

C-14

Th-232 and daughters

U-235 and daughters

U-238 and daughters

Am-241 and daughters




Table 5-1B.  Energy Ranges of Predominant Radionuclides Present in BCLDP Facilities

Alpha Ranges 3.95 MeV to 8.79 MeV

PRIVATE 
Beta Ranges 15 kev to 3270 kev

Gamma/X-Ray Ranges 15 kev to 2614 kev


Table 5-1C.  Neutron Source Present in BCLDP Facilities






    and Associated Neutron Energies

6.0  CONTROL OF EXTERNAL EXPOSURE

Administrative Controls and Limits  


Battelle has initiated a program of administrative measures to control external exposure.  These measures include access control, training, administrative dose limits, and ALARA exposure goals.


Battelle has established basic requirements for personnel and visitors entering areas under its control.  Since the operations are within private property owned by Battelle, the public must have authorization from both Protective Services and Project Management for access and be escorted by project staff when visiting the facilities.  In addition, persons associated with the BCLDP as visitors or staff must comply with BMI  requirements.  Personnel dosimetry is required for persons who are expected to receive a TEDE greater than 100 mrem or an annual dose to the extremities, lens of the eye or skin greater than 10 percent of annual limits referenced in Section 3.


BCLDP has established a Training Department to coordinate training requirements for the program.   The department has developed the “BCL D&D Training Program Plan” (DD-93-04), to provide guidance in determining the level of training required for the staff.  Minimum training requirements can be found in the training plan.  Specific courses are listed in Appendix C of the plan.  Visitors and staff associated with BCLDP must meet basic training and qualifications requirements or have those requirements waived by the SHES Manager.


Battelle has selected a tiered approach to Administrative Limits for exposure.  Table 6-1, “BCLDP Administrative Radiological Exposure Limits,” provides a breakdown of individual exposure limits and the appropriate level of management required to approve exposures at that level.  Total effective dose equivalent is the basis for these limits, however for this document it is assumed that the majority of the exposure will be from external exposure.

   An annual limit of 2000 mrem shall not be exceeded without approval of the SHES and BCLDP Managers.


Exposure to hot particles is a special case of high, localized exposure with a relatively low probability of health risk to the individual.  Hot particles are discrete, highly radioactive, high dose objects ranging in size from microns to millimeters.  Millicurie activity levels and dose rates in the hundreds of rad per hour are easily possible.  These particles have the potential to cause overexposures and are of particular concern when work is conducted in the hot cells.  The experience at BCLDP is that a hot particle is an irradiated fuel particle (any nuclide) whose size is not exactly known but is less than one millimeter in diameter and exhibits no self-absorption.  For dose assessment purposes, the particle is assumed to be in direct contact with the skin and emit 1 X 1010 beta particles to an affected area of one square centimeter.  If the exposure was to an area >10 cm2,  assessments and calculations shall be approved by the RTS Manager and reviewed by the RSO before they are added to an individual’s annual SDES.


ALARA exposure goals are established within the framework of the Administrative Limits to challenge supervisory personnel and radiation workers to further reduce individual and collective dose.  The ALARA Coordinator maintains a current copy of goals and provides periodic performance tracking.  These exposure goals are evaluated and re-established at least annually and are based on actual planned work.


Access Control   

A key element of any Radiological Protection Program (RPP) is the use of Access Control.  Access Control is designed to prevent access to specific areas by other than authorized persons under specified conditions and/or situations.  The practice of access control is designed to ensure that:

    

•
Unauthorized persons are denied access to areas where exposure greater than specified limits is possible,



•
Doses received by authorized persons remain under established limits.

Table 6-1.
BCLDP Administrative Radiological Exposure Limits
Total Effective Dose Equivalent
Authorization

<500 mrem per quarter
Standard Operating Practice

Declared pregnant Worker

<=500 mrem entire gestation period, not more than 50 mrem month
Standard Operating Practice

Minors and Members of the Public

<= 100 mrem year
Standard Operating Practice

Trained Visitor

50 mrem/visit, not more than 100 mrem/yr
Standard Operating Practice

Untrained Visitor

Not to exceed 10 mrem/day or 100 mrem/yr
Standard Operating Practice

Occupational Dose <= N(Age) Rem
Standard Operating Practice

Occupational Dose within 5 rem of N
Standard Operating Practice

>500 to <1000 mrem per quarter
Review and Signature of SH&ES Manager

>1000 to <1250 mrem per quarter
Review and Signature of Decontamination Operations Manager, SHES Manager, and RSO

>1250 to <1500 mrem per quarter(a)
Review and Signature of Decontamination Operations Manager, SH&ES Manager, RSO, and Project Manager

Exposures to the Lens of the Eye


<1.5 rem per quarter
Standard Operating Practice

Trained Visitor  400 mrem/visit but not more than 4 rem/yr
Standard Operating Practice

>1.5 rem per quarter
Review and Signature of SH&ES Manager and RSO

Skin, Extremity and Other Organ or Tissue Exposures
                                                                       

<5 rem per quarter
Standard Operating Practice

Trained visitor  400 mrem visit but not more than 4 rem/yr
Standard Operating Practice

>5 to <7.5 rem per quarter
Review and Signature of SH&ES Manager and RSO

Hot Particle Exposures


75 micro-curie hours (Ci-hr)(b)
Maximum allowable which will not result in deep ulceration of the skin

(a) A current NRC Form 4  (as applicable) must be on file and the annual administrative limit of 2000 mrem shall be maintained in order for this quarterly limit to be exceeded.

(b) Exception to skin and tissue exposure limits.

 
Access control is spelled out in Section 6.0, “Control of Personnel Access to Sources of Radiation Exposure,” of DD-90-02, and is implemented through the following steps:

    

•
Characterization through monitoring of radiation fields and radioactive materials present in areas of interest

    

•
Evaluation of characterization data, referenced in DD-98-04

    

•
Establishment of procedural limits, restrictions, permits and control mechanisms, e.g., posting, training, dosimetry, or respiratory requirements

    

•
Establishment of RWP/ALARA program to verify conditions are met by persons requiring entrance 

    

•
Establishment of radiological posting procedures to mark area boundaries

    

•
Re-evaluation of areas to validate existing controls or to establish new controls as conditions change.


BCLDP RPP has accomplished access control through administrative and physical means.  Administrative controls are used to establish training and qualification requirements for staff, as well as exposure limits for controlled areas.  Barriers and locked doors with postings are used throughout the facilities where physical control is required.  The level of control is designed to be consistent with the radiological hazard.


Training

Only persons trained in the risks and potential hazards associated with BCLDP will be authorized to enter and perform tasks in radiological areas without supervision from a trained escort.  Outlined below is a breakdown of the levels and type of training required for persons associated with BCLDP.  Not every category has a direct impact on external exposure.  The level of impact is identified within the outline.  


ES&H Orientation (GET-100).  Required of new BCLDP staff, including subcontractor staff and other Battelle staff.  The orientation is provided so persons will receive information and guidance on BCLDP's safety policies and overall project safety requirements.


Hazard Communications (HS-120).  Required for employees or subcontractors who have chemicals present in their work area and who need to go into radiologically controlled areas unescorted.  It is important that staff have an understanding of the non-radiological as well as the radiological hazards in the work areas. 


QA Orientation (GET-110).  New BCLDP staff, including subcontractor staff and other Battelle staff, are required to complete an indoctrination on the BCLDP Quality Program and Quality Department Administrative procedures.  An understanding of the impact of quality, or the lack of it, is important for staff involved in the performance of radiation protection tasks and dosimetry.


General Employee Radiation Training (GET-120).  Required for all site personnel who may routinely enter radiologically controlled areas and encounter radiological barriers, postings, or radioactive materials but do not perform “hands-on” work in radiological areas.  Re-training is required annually.


Radiation Worker Training (GET-130).  Required for the radiation worker to enter and perform “hands-on” work in Radiological Areas, Radioactive Material Areas, Radiation Areas, High and Very High Radiation Areas, Contamination Areas,  and Airborne Radioactivity Areas.  GET-130 trained staff are not required to complete GET-120.  Retraining is required annually.


In addition to above listed training, Dosimetry personnel must undergo training in associated procedures of the External Dosimetry Program.


Beyond the scope of the training listed above, visitors must be given a thorough pre-entry briefing on conditions that they may encounter while touring BCLDP facilities and activities, and their associated responsibilities and requirements.  They must also be instructed in the purpose and proper wearing of the dosimetry issued to them. 


Specialized Radiation Worker Training (GET-140).  Required for radiation workers that will perform “hands-on” work in Radiological Areas, Radioactive Material Areas, Radiation Areas, High and Very High Radiation Areas, Contamination Areas, and Airborne Radioactivity Areas.  This is specialized training for entries into hot particle zones and human entry into hot 

cells.  Instruction is given on BCLDP policy and Code of Federal Regulations.


Prerequisite to this training is GET-130.


7.0  EXTERNAL DOSIMETRY PROGRAM

Administration

BCLDP's External Dosimetry Program is implemented through a matrix of health physics plans and procedures.  Plans and procedures have been written to address control of personnel entering BCLDP controlled areas, administration of the dosimetry program, issue and control of dosimetry devices, performance and testing of dosimetry devices, determination of exposure history, and record keeping.  Appendix A, “External Dosimetry Program Supporting Procedures”, provides a summary  of procedures that contribute directly or indirectly to the Dosimetry Program.  Additional procedures may be used as necessary.


Responsibility for the program is the functional responsibility of the SHES Manager as described in Section 4.0.  Day-to-day operations are the direct responsibility of the Dosimetry Supervisor who reports to the RTS Manager.  The RTS Manager in turn reports to the SHES Manager.


Selection

BCLDP has chosen thermoluminiscent dosimeters (TLDs) as the dosimetry of record.  The RTS Manager is responsible for selecting and approving vendor service.  Currently Landauer Inc. is supplying TLDs and processing services to Battelle.  TLDs and supplemental dosimetry must be selected on the basis of response to the energy ranges of radionuclides identified in Section 5.0 of this document.  Appendix B, “TLD Description and Theory Document of the Thermoluminescent Dosimeter Used by BCLDP,” provides detailed technical data on the dosimeters selected for BCLDP.


Performance and Testing

The BCLDP dosimetry vendor is NVLAP accredited, which satisfies Battelle's NRC requirements as a licensee.  BCLDP management has chosen to make all TLDs DOELAP accreditable as referenced in Appendix B Section 5.0.  DOE/EH-0026, “Handbook for the Department of Energy Laboratory Accreditation Program for Personnel Dosimetry Systems” states in its introduction to DOELAP accreditation, “Accreditation is the assessment of whether or not a personnel dosimetry system meets specific criteria.  The assessment includes dosimeter performance and the associated quality assurance and calibration programs....DOELAP's objective is to accredit the personnel dosimetry systems of DOE/DOE contractors, regardless of whether the dosimeter is conducted at commercial or in-house facilities.”  Since DOELAP addresses the system, including issue, control and processing, it is desirable that BCLDP’s vendor is DOELAP accreditable.


The Dosimetry Program currently has procedures in place which outline in-house testing of dosimetry devices (i.e., SRDs) and for performance testing of vendor-supplied TLDs.  Both NVLAP and DOELAP conform to ANSI standards and Battelle uses these criteria to perform additional QA testing.  


Issue and Control

Dosimetry personnel shall issue dosimetry to staff and visitors in accordance with approved procedures.  Before dosimetry is issued, persons shall have:

· Submitted baseline bioassay samples, if required

· Completed required dosimetry paperwork

· Completed the required radiation worker training

· If radiation worker training not completed, obtained a training waiver or training exemption.

 
Dosimetry badges shall be returned to a proper storage area with an identified control badge when not being worn.  Supervisory and HP personnel are to assure that dosimetry requested is consistent with the needs of the wearer, based on the potential radiation field(s) to which the wearer may be exposed. 


Occupationally exposed individuals who are undergoing medical treatment that includes the ingestion or injection of radioactive material shall not be issued dosimetry.  Personnel will be restricted from BCLDP areas while under treatment or while emitting measurable dose rates.


Special and supplemental dosimeters, such as self-reading dosimeters (SRD), electronic dosimeters (ED), ring and extremity dosimeter packs, shall be worn when required as specified in RWP.  Health Physics staff shall assist, as necessary, in the issue, control and return of this dosimetry.


Lost, damaged, or out of calibration dosimetry devices shall be reported to Dosimetry personnel as soon as possible.  An investigation and/or dose evaluation shall be initiated to properly assign dose for the period in question.  This investigation/evaluation is a formal documentation of the conditions of the area where the wearer may have received exposure.  The wearer shall review and concur with the evaluator’s estimate of dose.  After proper review, the dose estimate will be added to the individual’s exposure history for TLDs or the Pocket Ion Chamber (PIC) program database for SRDs.


Issue and control of dosimetry during emergencies is described in the “BCLDP Emergency Management Plan” and associated procedures.


Single and Multiple TLD Usage

Personnel dosimetry devices are worn in areas where the possibility of exposure to ionizing radiation may result in one or more of the following conditions: an annual TEDE of 100 mrem, 5 rem annual shallow dose equivalent (SDE), 1.5 rem annual eye dose equivalent (LDE).  Under normal circumstances, the wearer of the TLD is in a uniform field of radiation.  In this situation, the TLD is worn on the torso between the waist and head as representing the whole body.  For record keeping, doses from routine TLDs are added to exposure history as follows:

· Whole body deep dose added to deep dose equivalent  (DDE) for current quarter, current year, and lifetime

· Whole body shallow dose added to shallow dose equivalent skin (SDES) and shallow dose equivalent extremity (SDEE) for current quarter, current year, and lifetime

· Lens dose equivalent added to eye dose equivalent (LDE) for current quarter, current year, and lifetime


Conditions exist where personnel may enter non-uniform fields of radiation.  These fields may vary greatly for different areas of the body or between the extremities and the whole body.  In these situations, relocation of the single whole body TLD, use of multiple TLD's to monitor various whole body locations, or use of extremity TLD's may be implemented to properly monitor the exposure of the individual.  Dosimetry is issued for extremities if surveys and pre-job evaluation, documented on an RWP, indicate:

· Individual will receive exposure to the extremities ten (10) times greater than the whole body dose

· Individual will directly handle radioactive materials with a contact dose rate of >5.0 mrem/hr.


The relocation of the single whole body TLD is performed when a single area of the whole body is exposed at a higher level than the normal location where the TLD is worn.  This relocation is performed by a Health Physics technician and documented on the (RWP) sign-in sheet.  The whole body TLD doses are still added as stated above.  The extremity shallow dose result is added to the SDEE.


The assignment of multiple TLD's is used when personnel are required to perform work where non-uniform radiation fields exist.  When multiple TLDs are worn, the regular TLD is turned in and a complete set of TLD's (for each body location to be monitored as specified on the RWP) is issued.  The individual is required to wear the complete set of TLD's for the entire period the individual is performing work in an area requiring their use.  The TLD with the highest registered dose of the entire set for whole body locations is used to assign the DDE and the SDES.  The TLD with the highest registered dose of the entire set for extremity locations is used to assign the SDEE.  If a special TLD is not worn for eye dose monitoring, the lens dose to the eye will be assigned from the TLD worn closest to the eye. Body locations monitored are designated by the RWP and verified on the job site by a Health Physics technician. 


The dose to the eyes applies to the external exposure of the lens eyes of the and is taken as the dose equivalent at a tissue depth of 0.3 cm (300 mg/cm2 )  If the total measured exposure to 

the lens of the eyes is greater than three times the measured exposure to the whole body, special dosimetry is required.  The evaluation of eye to whole body radio is performed by using TLD trees to collect and evaluate data. This factor is based on the ratio of the limit for the dose to the lens of the eye to the limit for the total effective dose equivalent (15:5).  When higher ratios exist, eye shielding is added to reduce the ratio to below 3:1.  This is accomplished by the use of safety glasses, goggles, or respirator lens if a respirator is worn, or by the use of beta shielding at the source. Shielding is verified by obtaining beta/gamma measurements with an ion chamber. If shielding is not effective or practicable, a special TLD is issued and worn in the vicinity of the eyes to specifically monitor eye dose. The TLD with the highest registered dose of the entire set for whole body locations is used to assign DDE and the SDES as stated in the previous paragraph.


Records

Radiation workers reporting to BCLDP must comply with the regulatory requirements to provide an external and internal exposure history before being assigned work in radiological areas.  Dose estimates for exposure not yet confirmed will be acceptable.  The RTS Manager shall review dose estimates provided and determine if additional limits on allowable exposure  may be required.


Medical exposures, including radiation therapy and ingestion of radioactive materials, and intake of non-occupationally related radioactive materials, shall not be included as occupational dose.


The personnel exposure file, hard copy or computer, for BCLDP radiation workers shall include copies of the following records:




•
Declarations of pregnancy/declarations to undeclare pregnancy



•
Dose restrictions

    

•
Authority to exceed administrative exposure limits

    

•
Results of special or multi-badging used in varying radiation fields

    

•
Dosimetry investigation assignments 

    

•
Personnel Contamination Data 




•
NRC Form-5



•
DAC-HR – CEDE/CDE Assignments



•
Bioassay Records


Personnel monitoring files shall include, but shall not be limited to, a summation of annual and lifetime TEDE and TODE, EDE, SDES, SDEE, and DAC-hours (used to calculate the CEDE and lifetime exposure histories).

Record Keeping


Dosimetry records shall be maintained in accordance with control procedures in an orderly fashion so they are readily retrievable and auditable by regulatory agencies.  They shall be controlled in accordance with the Privacy Act of 1974 (Public Law 93-579), and individuals shall be provided a Privacy Act Statement when completing required dosimetry documentation.


Current exposure records shall be maintained on a computer network that is controlled through password and access levels.  Entry into radiological areas will be based on the status of personnel in the network.  These files shall be maintained current through the calendar year and hard copies shall be maintained from the previous six months.  Complete individual hard copy personnel monitoring files shall be maintained in the Dosimetry Office.  These copies shall be microfilmed annually and the microfilm stored at an off-site storage location.


Dose history files shall be maintained as active up to three years after termination of an individual.  Files shall be maintained in long-term storage in accordance with the requirements of 10CFR Part 20, Subpart L.  Battelle may elect to maintain exposure files indefinitely as part of its permanent storage of project records and consistent with NRC rules.


Quality Control

The External Dosimetry Program is designed and operated to be responsive to the requirements of the DDO (D&D Operations) Quality Manual.  BCLDP’s Quality Program is designed to meet the requirements of ASME/NQA-1 “Quality Assurance Program Requirements for Nuclear Facilities” and DOE Order 414.1 “Quality Assurance” which are acceptable to satisfy DOE quality assurance requirements.


The External Dosimetry Program is part of the RPP as described in the DD-90-02.  The External Dosimetry Technical Basis Document is one of several technical basis documents in support of the program.  Administrative procedures have also been established to ensure proper control and evaluation of exposures as well as providing direction in implementing the RPP and, specifically, the external Dosimetry Program.  Operating procedures are in place to provide quality control in collection and processing techniques of TLDs that contribute to the assignment of dose.


Performance criteria for vendors providing TLDs to BCLDP are documented in the request for proposal (RFP).  Vendors are evaluated through the bid process and through performance testing specified in Dosimetry procedures as administered through the BCLDP Quality Program.  Performance issues must be resolved in a timely manner for a vendor to maintain “approved” status.


A quality assurance check of the accuracy of the external dosimetry vendor is conducted through Battelle’s blind spike test program as described in HP-AP-4.0 “Administration of the Personnel External Dosimetry Blind Spike Program” and DOE/EH0027, “Department of Energy Standard for the Performance Testing of Personnel Dosimetry Systems.”  The procedure provides the instruction for exposing TLDs to quantities and types of radiation known only to Battelle.  These TLDs are sent to the vendor for processing in the normal manner.  The vendor’s reported results are compared to the known values to determine the vendor’s precision and accuracy.  The % error is calculated using the formula:  % error = [(Reported – Delivered)]/[(Delivered)] X 100.  The error between the delivered dose equivalent and reported dose equivalent should agree within + 30% for whole body TLDs.  If not, the results shall be investigated.  
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