&

bOESTD- 088,65
July 1999

DOE STANDARD

RADIOLOGICAL CONTROL

U.S. Department of Energy AREA SAFT

Washington, D.C. 20585

DISTRIBUTION STATEMENT A. Approvea for public release; distribution is unlimited. -

MASTE R DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED




This document has been reproduced from the best available copy.

Available to DOE and DOE contractors from ES&H Technical Information Services,
U.S. Department of Energy, (800) 473-4375, fax: (301) 903-9823.

Auvailable to the public from the U.S. Department of Commerce, Technology
Administration, National Technical Information Service, Springfield, VA 22161;
(703) 605-6000.




DISCLAIMER

This report was prepared as an account of work sponsored
~ by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disciosed, or represents that
its use would not infringe privately owned rights. . Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




DOE-STD-1098-99
Radiological Control
Foreword July 1999

Foreword

The Department of Energy (DOE) has developed this Standard to assist line managers in meeting their responsibilities
for implementing occupational radiological control programs.

DOE has established regulatory requirements for occupational radiation protection in Title 10 of the Code of Federal
Regulations, Part 835 (10 CFR 835), Occupational Radiation Protection. Failure to comply with these requirements
may lead to appropriate enforcement actions as authorized under the Price Anderson Act Amendments (PAAA). While
this Standard does not establish requirements, it does restate, paraphrase, or cite many (but not alf) of the requirements
of 10 CFR 835 and related documents (e.g., occupational safety and health, hazardous materials transportation, and
environmental protection standards). Because of the wide range of activities undertaken by DOE and the varying
requirements affecting these activities, DOE does not believe that it would be practical or useful to identify and
reproduce the entire range of health and safety requirements in this Standard and therefore has not done so. In all cases,
DOE cautions the user to review any underlying regulatory and contractual requirements and the primary guidance
documents in their original context to ensure that the site program is adequate to ensure continuing compliance with the
applicable requirements.

To assist its operating entities in achieving and maintaining compliance with the requirements of 10 CFR 835, DOE has
established its primary regulatory guidance in the DOE G 441.1 series of Guides. The Guides are structured to assist
radiation protection professionals in developing the documented radiation protection program required by 10 CFR
835.101 and the supporting site- and facility-specific policies, programs, and procedures that are necessary to ensure
compliance with the related regulatory requirements. The Guides establish a macroscopic view of the various elements
of a comprehensive radiation protection program and discuss concepts that the cognizant professionals should consider
in developing and implementing the site- and facility-specific programs.

This Standard supplements the DOE G 441.1 series of Guides and serves as a secondary source of guidance for
achieving compliance with 10 CFR 835. While there is significant overlap between the DOE G 441.1 series of Guides
and this Standard, this Standard differs from the Guides in both intent and detail. In contrast to the macroscopic view
adopted by the Guides, this Standard discusses specific measures that should be implemented by affected line managers,
workers, and support staff to ensure proper fulfillment of their radiological control responsibilities. DOE expects that
each site will identify the provisions of this Standard that support its efforts to implement an effective radiological
control program and incorporate these provisions, as appropriate, into the site-specific radiological control manual, site
procedures, training, or other administrative instruments that are used to guide employee activities. The specific
administrative instruments used at DOE sites vary widely, as would be expected given the varying nature of DOE
facilities and activities and their associated hazards.

Both the science of health physics and the practice of radiological control are relatively new and continue to evolve at
a rapid rate. DOE encourages the users of this Guide to submit comments regarding its content, accuracy, and utility.
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Following is a reprint of the Department of Energy Radiological Health and Safety Policy, which was originally
published as DOE P 441.1 on April 26, 1996.

DEPARTMENT OF ENERGY
Radiological Health and Safety Policy

It is the policy of DOE to conduct its radiological operations in a manner that ensures the health and safety of all its
employees, contractors, and the general public. In achieving this objective, the Department shall ensure that radiation
exposures to its workers and the public and releases of radioactivity to the environment are maintained below regulatory
limits and deliberate efforts are taken to further reduce exposures and releases as low as reasonably achievable. The
Department is fully committed to implementing a radiological control program of the highest quality that consistently
reflects this policy.

In meeting this policy, the Department shall:

A Establish and maintain a system of regulatory policy and guidance reflective of national and
international radiation protection standards and recommendations. The Assistant Secretary for
Environment, Safety and Health has responsibility for promulgating and maintaining policies, standards, and
guidance related to radiological protection. Departmental radiological protection requirements are, at a
minimum, consistent with the presidentially approved "Radiation Protection Guidance to the Federal Agencies
for Occupational Exposure” which was developed by the Environmental Protection Agency in accordance with
its mandated Federal guidance responsibilities. Departmental requirements often are more stringent and reflect,
as appropriate, recommendations and guidance from various national and international standards-setting and
scientific organizations, including the International Commission on Radiological Protection, the National
Council on Radiation Protection and Measurements, the American National Standards Institute, and others.
Departmental requirements related to radiological protection will be set forth, as appropriate, in rules and
Department of Energy Orders, and guidance documents will be issued on acceptable means to impiement these
requirements.

B. Ensure personnel responsible for performing radiological work activities are appropriately trained.
Standards shall be established to ensure the technical competency of the Department's work force, as
appropriate, through implementation of radiological training and professional development programs.

C. Ensure the technical competence of personnel responsible for implementing and overseeing the

- radiological control program. An appropriate level of technical competence gained through education,

experience, and job-related technical and professional training is a critical component for achieving the goals

of the Department's radiological control policy. Qualification requirements commensurate with this objective

shall be established for technical and professional radiological control program positions and shall, at a

minimum, be consistent with applicable industry standards and promote professional development and
excellence in radiological performance as a goal.
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Establish and maintain, at all levels, line management involvement and accountability for departmental
radielogical performance. The responsibility for compliance with Departmental radiological protection
requirements, and for minimizing personnel radiation exposure, starts at the worker level and broadens as it
progresses upward through the line organization. The Department's line managers are fully responsible for
radiological performance within their programs and the field activities and sites assigned to them, and shall
take necessary actions to ensure requirements are implemented and performance is monitored and corrected
as necessary. :

Ensure radiological measurements, analyses, worker monitoring results and estimates of public
exposures are accurate and appropriately made. The capability to accurately measure and analyze
radioactive materials and workplace conditions, and determine personnel radiation exposure, is fundamental
to the safe conduct of radiological operations. Policy, guidance, and quality control programs shall be directed
towards ensuring such measurements are appropriate, accurate, and based upon sound technical practices.

Conduct radiological operations in a manner that controls the spread of radioactive materials and
reduces exposure to the workforce and the general public and that utilizes 2 process that seeks exposure
Ievels as Iow as reasonably achievable. Radiological operations and activities shall be preplanned to allow
for the effective implementation of dose and contamination reduction and control measures. Operations and
activities shall be performed in accordance with departmental conduct of operations requirements and shall
include reasonable controls directed toward reducing exposure, preventing the spread of radiological
contamination, and minimizing the generation of contaminated wastes and the release of effluents.

Incorporate dose reduction, contamination reduction, and waste minimization features into the design
of new facilities and significant modifications to existing facilities in the earliest planning stages.
Wherever possible, facility design features shall be directed toward controlling contamination at the source,
eliminating airborne radioactivity, maintaining personnel exposure and effluent releases below regulatory limits
and utilizing a process that seeks exposure levels and releases as low as reasonably achievable. Radiological
design criteria shall reflect appropriate consensus recommendations of national and international standards
setting groups.

Conduct oversight to ensure departmental requirements are being complied with and appropriate
radiological work practices are being implemented.

All departmental elements shall conduct their radiological operations in a manner consistent with the above policies and
objectives.

IMPORTANT NOTE

DOE Policy 450.4 establishes DOE policy with regard to integrated safety management (ISM) . The principles
of ISM and relationship between DOE’s ISM Policy and the provisions of this Standard are discussed in Article
118 of this Standard.
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PART 1 Department of Energy (DOE) Radiological Control Standard
111 Radiological Health and Safety Policy

A key element of the Radiation Protection Guidance to the Federal Agencies for Occupational Exposure approved by
President Reagan on January 20, 1987, and a fundamental principle underlying this Standard is:

“There should not be any occupational exposure of workers to ionizing radiation without the expectation of
an overall benefit from the activity causing the exposure.”

The Department of Energy is firmly committed to having a radiological control program of the highest quality. This
commitment is reflected in the DOE Radiological Health and Safety Policy reproduced at the beginning of this Standard.

112 Standard Applicability and Control

DOE has established basic standards for occupational radiation protection in Federal regulation 10 CFR part 835,
"Occupational Radiation Protection" (10 CFR 835). Section 835.101 of 10 CFR 835 requires affected DOE activities
to be conducted in compliance with a documented radiation protection program (RPP) that addresses each requirement
of that regulation. DOE’s 441.1 series of Guides provide guidance for developing and implementing an RPP sufficient
to ensure compliance with 10 CFR 835. The DOE 441.1 series of Guides are primarily directed toward radiological
control organization professionals who are responsible for developing programs that will ensure regulatory compliance.
The Guides therefore tend to provide flexibility for the use of professional judgment and are more technical and general
innature than this Standard. This Standard is primarily directed toward line management; it therefore discusses specific,
detailed measures that should be implemented by line managers as they discharge their radiological control
responsibilities. However, because both the DOE 441.1 series of Guides and this Standard discuss development and
implementation of appropriate radiological controls, there are necessarily many overlaps. As aresult, in the documented
RPPs developed to ensure compliance with 10 CFR 835, most DOE facilities have committed to implementation of
certain provisions of this Standard or its predecessor, the DOE Radiological Control Manual.

The radiological control program discussed in this Standard goes beyond the scope of, and includes more details than,
the documented RPP required by 10 CFR 835. To ensure implementation of a comprehensive and coherent radiological
control program that exceeds basic requirements and provides a substantial safety margin, DOE encourages its
contractors to implement the provisions of this Standard to the extent appropriate to facility hazards and operations,
consistent with DOE’s Integrated Safety Management Program. Should any conflicts arise between the site-specific
radiological control manual (based on this Standard, see Article 114), and the documented RPP, the requirements of
the documented RPP should take precedence. Such conflicts should be expeditiously resolved.

The Standard is not a substitute for regulations; it is intended to be consistent with all relevant statutory and regulatory
requirements and will be revised whenever necessary to ensure such consistency. Some of the Standard provisions,
however, challenge the user to go well beyond minimum requirements.

1. This Standard is a living document. DOE intends to review and update provisions on a periodic basis to
incorporate lessons learned and suggestions for improvement. The Assistant Secretary for Environment, Safety
and Health is responsible for this task. Recommendations to correct or improve this Standard are encouraged and
should be processed in accordance with DOE’s published guidance for providing comments on documents in the
DOE technical standards system.
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2.

113

114

This Standard will be kept current and should be entered into the contractor document control system. The Office
of Environment, Safety and Health will ensure that a current version of this Standard is maintained on the DOE
Technical Information System (TIS).

Implementation

This Standard sets forth DOE's views on the proper course of action in the area of radiological control within the
scope of DOE-sponsored activities. The words "shall" and "should" have the meaning below when used in this
Standard.

The word "shall" identifies those elements and requirements that DOE has considered and found to be mandatory
due to their derivation from related regulatory requirements found in 10 CFR 835 or other regulations or DOE
orders. These requirements are indicated by a bracketed reference following the related Standard provision (e.g.,
[see 835.XXX]). For purposes of regulatory and contractual compliance, DOE encourages users of the Standard
to refer to the source document to view the requirement in context and to determine the applicability of the
requirement to the specific facility operations and hazards. Federal regulation 10 CFR part 820, Procedural Rules
for DOE Nuclear Activities, establishes requirements for obtaining exemptions from DOE regulatory requirements.
Due to its primary focus on line management implementation strategies, the Standard does not address all of the
requirements of 10 CFR 835.

The word "should" means DOE has evaluated the provision and found that it is a proven practice or remedy that
supports compliance with the basic requirements found in applicable regulations or DOE Orders or their
underlying basis documents for occupational radiation protection.. The use of "should" recognizes that: 1) there
may be site- or facility-specific attributes that warrant special treatment; 2) the safety benefit derived from
implementation of the provision may not in all cases be commensurate with the associated detriments (e.g.,
financial cost, worker discomfort, schedule impacts); and 3) literal compliance with the provision may not achieve
the desired level of radiological control performance. Although a contractor may decide to follow an alternative
technique, approach, or method in lieu of the "should" provision, DOE encourages implementation of these
provisions to ensure compliance with the underlying basic requirements.

The term "Article” is used to reference portions or sections of this document. For ease of communications,
portions of this document should be referred to as Articles. For example, the appropriate reference to this Article
is Article 113 .4.

Site-Specific Manual

The contractor senior site executive should issue and endorse a site-specific radiological control manual that
invokes the applicable provisions of this Standard. The site-specific radiological control manual does not require
review or approval by DOE-EH. One approach in the development of site-specific radiological control manuals
is to invoke the applicable provisions of this Standard as written with site specific additions, supplements, and
clarifications clearly indicated, included in the appropriate chapters, and directly referenced to the corresponding
article. The provisions of specific articles may be changed from “should” to “shall” on a site-specific basis as
necessary to emphasize those measures that are deemed necessary for compliance or to ensure the desired level
of safety. Additions and supplements to address unique situations or to provide more detailed or prescriptive
direction may be included.

Management policies, requirements, expectations, and objectives for the site radiological control program should
be clearly and unambiguously stated.
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3. The site-specific manual should be kept current and entered into the contractor document control system.

4. If a site has multiple facilities, there should be one manual for the site and one radiological control organization.
If a prime contractor manages several DOE sites, efforts should be made to have one corporate radiological control
manual that applies to all of that prime contractor's DOE sites. For a site that has multiple prime contractors, a
common manual, with facility-, contractor-, or building-specific guidance to accommodate unique considerations,
should be issued and endorsed by each contractor's senior site executive. For prime contractors who manage
several sites but who also operate sites with more than one prime contractor, the site manual should take
precedence over the corporate radiological control manual.

5. Subcontractors should comply with the site-specific radiological control manual.

6. Where DOE employees are conducting the transport of nuclear devices or components, a program-specific

radiological control manual, based upon the provisions of this Standard, should be issued and approved by the
DOE Operations Office Manager. Controlled copies of such manuals should be provided to the Secretarial Officer
having primary responsibility for operations at the site.

115 Application of Provisions

1.

This Standard assumes that most facilities or sites have organizations in place that generally meet the provisions
presented in the text. It is not the intent of this Standard to unnecessarily create new or separate organizations if
those functions can be incorporated into existing ones. Existing organizational and committee charters should be
revised to reflect the provisions and emphasis of this Standard. Similarly, titles such as “radiological control
manager” and “radiological control technician” that are used in the Standard may locally be designated differently.
A phased approach to transition to the use of the titles of positions in this Standard should be adopted.
Corresponding position descriptions and organizational charts should be revised to accurately reflect required
radiological control responsibilities.

The degree of program formality and extent of the associated administrative process should be commensurate with
the extent of existing and potential radiological hazards. For example, a site with an annual collective total
effective dose equivalent of one person-rem or less, that works with small quantities of unsealed radioactive
material, would not be expected to have a radiological control program as complex as one required at higher hazard
sites. At lower hazard sites, some program elements may be satisfied by brief policy statements.

116 User Groups

1.

DOE encourages its contractors to establish informal working associations that promote dialogue among the
radiological control organizations from similar or comparable facilities. User Groups should include
representation from various contractors. Assignment of members to the user groups should be on a rotating basis.

To assist contractors in identifying and adopting proven practices and implementing procedures in a timely manner
within the DOE complex, DOE encourages its contractors to develop, through the User Groups, Radiological
Work Practices Handbooks that can be used by a given category or class of facilities associated with the User
Group.
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117 The “As Low As Is Reasonably Achievable” Process

10 CFR 835 requires DOE activities to develop and implement plans and measures to maintain occupational radiation
exposures as low as is reasonably achievable (ALARA) [see 10 CFR 835.101 and 835.1001]. As applied to
occupational radiation exposure, the ALARA process does not require that exposures to radiological hazards be
minimized without further consideration, but that such exposures be optimized, taking into account both the benefits
arising out of the activity and the detriments arising from the resultant radiation exposures and the controls to be
implemented.

An effective ALARA process includes effective consideration, planning, and implementation of both physical design
features (including engineering controls) and administrative controls to balance the risks of occupational radiation
exposure against the benefits arising out of the authorized activity. Lessons learned are documented, institutionalized,
and considered in planning and executing subsequent activities to further the goals of the ALARA process and to
provide optimal employee protection.

While most or all of the provisions of this Standard support the ALARA process, the provisions of Chapter 3 are
specifically directed toward the planning and execution of work, physical design features and administrative controls,
and efforts to implement work controls commensurate with the radiological hazards.

118 Integrated Safety Management

DOE requires its contractors to develop and implement an Integrated Safety Management system (ISM) that integrates
safety (including radiological safety) into management and work practices at all levels (See DOE Policy P 450.4 and
its associated guidance documents). DOE intends for the provisions of this Standard to be consistent with, and to
complement implementation of, ISM. This Standard supports ISM by providing a system of radiological controls that
can be implemented on a site-wide basis and tailored to meet facility-and hazard-specific needs. This Standard also
provides guidance for increasing worker involvement in identification and implementation of appropriate controls. Like
the ALARA process, an effective integrated safety management system emphasizes the developmentand implementation
of controls that are commensurate with the hazards associated with any specified activity.

1. Under ISM, both DOE and DOE-contractor line managers are charged with responsibility for integrating safety
measures into all facets of work planning and execution. Line managers should use this Standard as a guide to
integrating radiological control measures into work planning and execution.

2.  This Standard supports the ISM guiding principles as follows:

»  Line Management Responsibility - This Standard clearly indicates that line management is responsible for
ensuring adequate implementation of the radiological control program.

»  Clear Roles and Responsibilities - This Standard establishes clear roles and responsibilities for DOE and
contractor line management and for the radiological control organization.

. Competence Commensurate with Responsibilities - This Standard provides guidance for providing classroom
and on-the-job training so that individuals may gain and maintain the appropriate competence.

*  Identification of Safety Standards and Requirements - This Standard provides cross-references to other DOE,
Federal Agency, scientific, and consensus standards that are important to developing and implementing an
effective and comprehensive radiological control program.

1-6
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. Hazard Controls Tailored to Work Being Performed - This Standard provides guidance for implementing a
program that establishes radiological controls that are commensurate with the hazards and that provide
flexibility for consideration of other hazards (e.g., industrial safety, industrial hygiene, environmental
hazards).

The concepts of Balanced Priorities and Operations Authorization are outside the scope of this Standard.

3. Both the ISM and ALARA processes require hazard controls to be tailored to the work being performed. In
addition to establishing basic radiological safety standards that must be observed, 10 CFR 835 establishes
requirements that provide significant flexibility so that individual activities may implement compliance measures
in a manner that is commensurate with specific hazards and work activities. This Standard provides guidance for
implementing radiological controls that DOE has evaluated and found to meet the requirements of 10 CFR 835
and to be consistent with the specified conditions and activities. For example:

» - Chapter 3 of this Standard provides guidance for implementing access and egress controls for areas having
specific radiological conditions and hazards,

+  Chapter 4 of this Standard provides guidance for implementing specific controls over radioactive materials.

»  Chapter 5 of this Standard provides guidance for performing radiological monitoring at specified frequencies
consistent with known and likely radiological hazards.

»  Chapter 6 of this Standard provides guidance for providing training to ensure that individuals are able to
discharge their responsibilities related to the radiological control program.

1-7
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PART 2 Leadership in Radiological Control

Superior, consistent performance is achieved when qualified individuals use approved procedures and management
actively monitors the workplace and assesses ongoing activities. Such ongoing activities include, but are not limited
to, operations, remediation, laboratory work, research and development, and cleanup. Constant review and informed
interest by senior management are required to achieve a superior radiological control program. Management atall levels
should emphasize the need for high standards for radiological contro] through direct communication, instruction, and
inspection of the work space. The DOE Operations Office Manager and the contractor senior site executive responsible
for the site should have a basic knowledge of radiation, its effects, and radiological control requirements. The DOE
Operations Office Manager and the contractor senior site executive should also be familiar with the current radiological
control performance record. Key principles common in a successful, well-managed radiological control program are
provided in this Chapter.

121 Senior Management Commitment

1.  Seniormanagers should establish high standards for radiological control performance and frequently communicate
these standards and management expectations to the work force.

2. Senior managers should state in writing their firm commitment to a radiological control program of the highest
quality. Management commitment and support should be demonstrated, in part, by allocating sufficient resources,
including personnel, and providing for training to ensure workers are qualified for their assigned duties.

3. Managers should ensure that orientation, training, and indoctrination reinforce rules and guidelines for each worker
to control radiation exposure and radiological conditions.

4.  Managers should hold workers and their supervisors accountable for radiological control performance. Relevant
knowledge and performance should be assessed as a specific part of each individual's performance evaluation.
This assessment should not be limited to those who perform radiological work, since many other workers have an
impact on the radiological control program.

5. Senior managers should solicit feedback from their radiological control professionals, line management, and
workers on radiological control performance.

6. Senior managers should adopt and promote a positive attitude toward radiological control that encourages
initiatives to identify concerns at an early stage, to prevent conditions from deteriorating, and to promote doing
the right job correctly the first time.

7. Prevention of the spread of radioactive material is usually less costly than remediation. Management should be
willing to accept change that will improve radiological control performance and should foster this mindset
throughout the organization.

8. The authority and responsibility to establish a comprehensive and effective radiological control training program
should be assigned to line managers and their subordinates. Training, in most cases, should be provided by a
dedicated training organization, but the responsibility for quality and effectiveness rests with line management.

9.  Seniormanagers should be alert to opportunities for minimizing the generation of radioactive waste and discharges
to the environment, controlling contamination at its source, and reducing radiation exposure to workers and the
public.

1-8
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10. Reporting a problem to a superior (contractor or DOE) does not absolve the manager from promptly fixing or
mitigating a situation.

122 Worker Attitude

Control of worker radiation exposure can be achieved only if all individuals involved in radiological activities have an
understanding of and the proper respect for radiological hazards.

1. Each worker should understand that proper radiological control is an integral part of his daily duties.

2.  Thetraining program should support efforts to improve the attitude of the work force. Training instructors should
be knowledgeable about the work environment and those aspects of radiological control that are important to
developing a better worker attitude and perspective.

3.  The attitude that constant improvement is required in radiological work should be developed at all levels of
management and in the work force. Cooperation between the work force and the radiological control organization
should be developed and fostered. The workers should not look upon radiological controls as hurdles or
restrictions to be bypassed.

4. Radiological control organization personnel should be heipful in showing workers how to follow the rules. This
spirit of cooperation should be developed without subverting the control functions of the radiological control
technicians. A situation in which radiological controls are left solely to the radiological control organization is
unacceptable,

123 Worker Responsibilities

Trained individuals should recognize that their actions directly affect contamination control, personnel radiation
exposure, and the overall radiological environment associated with their work. The following radiological control rules
are applicable to each individual in the workplace. A poster that displays basic worker responsibilities, such as those
listed below, should be produced and displayed at appropriate access points and work areas.
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TO CONTROL YOUR RADIATION EXPOSURE AND RADIOACTIVE MATERIAL, OBSERVE THE
FOLLOWING RULES:

OBEY

®  Posted, written, and oral radiological control instructions and procedures, including instructions on
radiological work permits.

&  "Evacuate" and "stop work" orders from radiological control personnel promptly.

DO NOT
®  Loiter in radiation areas.

®  Smoke, eat, drink, or chew in contamination areas, high contamination areas, and airborne
radioactivity areas.

BE SURE TO

®  Wear personnel monitoring devices where required by radiological work permits, signs, procedures,
or by radiological control personnel. Report immediately the loss, damage, or unexpected exposure
of personnel monitoring devices or off-scale readings of self-reading dosimeters to the radiological

contro] organization.

Keep track of your radiation exposure status and avoid exceeding radiological administrative control
levels.

Wear personal protective equipment and clothing properly whenever required by radiological work
permits or postings.

Minimize the spread of potential radioactive spills and promptly notify the appropriate personnel of
all spills.

Avoid contact of skin, clothing, and equipment with contaminated surfaces.

Place contaminated tools, equipment, and solid waste items on disposable surfaces, such as plastic
sheets, when not in use.

Notify radiological control personnel of alarming or faulty radiological control equipment.

Notify radiological control personnel of off-site occupational radiation exposures so that worker
dosimetry records can be updated.
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PRIOR TO ENTERING AREA
®  Assure that you are mentally alert and in physically sound condition.

®  Limit the amount of material taken into contaminated areas to minimize radioactive waste and future
decontamination.

®  Have necessary materials and equipment on hand to complete your task, thereby minimizing time and
exposure.

®  Notify radiological control personnel of the presence of open wounds, sores or rashes before
entering an area where contamination exists and exit immediately if a wound occurs while in such an

area.

UPON LEAVING AREA

®  Properly remove personal protective equipment and clothing to minimize the spread of
contamination.

®  Frisk or be frisked for contamination when entering an uncontaminated area after exiting
contamination, high contamination, or airbome radioactivity areas and associated radiological buffer
areas and notify radiological control personnel when contamination is found.

124 Radiation and Risk Communications

Due to the continuing concerns of many individuals related to low radiation exposure and health impacts, managers
should be trained to deal with personnel perceptions concerning radiation risks. Managers and first-line supervisors
should be sensitive to the fact that workers have to understand the fundamentals of radiation, its risks, and their role in
controlling exposure. It is not sufficient to rely solely on regulatory limits for establishing or defining acceptable work
practices and work environments.

1. Appropriate training in accordance with Article 651 is helpful in dealing with workers who have anxiety about
radiation.

2. Some individuals, such as those who have had internal depositions of radionuclides, may be concemned about
future doses. Such instances warrant special attention on the part of the manager. Counseling with such
individuals is the preferred way to consider relevant factors. In some cases, special control levels as described in
Article 216 should be applied.

125 Conduct of Radiological Operations

1.  This Standard is consistent with the provisions of DOE 5480.19, Conduct of Operations Requirements for DOE
Facilities. The concepts of all chapters of DOE 5480.19 apply to the conduct of radiological control activities.

2. Managers at all levels should be involved in the planning, scheduling, and conduct of radiological work.
Assurance of adequate radiological safety should not be compromised to achieve production, remediation, or
research objectives.
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3. Supervisors should be technically knowledgeable and inquisitive and should ask questions of the work force
concerning radiological work details to verify worker comprehension.

4. Line managers should periodically monitor work areas to observe personnel at work and to identify good
radiological work practices and radiological deficiencies and concerns. Frequent inspections and walk-throughs,
including off-hours and weekends (where appropriate), are essential to reinforce management expectations to the
work force.

5. Managers, supervisors, and workers should be involved in the development of accurate, clear, written procedures
for performing radiological work. If during the use of procedures a written requirement cannot be responsibly
followed, the work should be stopped and guidance obtained.

6.  Supervisors and managers should encourage the work force to identify radiological control deficiencies and
concemns. Prompt action should be taken to address and eliminate identified issues and prevent recurrence.
Training, indoctrination, and procedure review are useful in addressing these issues.

7.  Managers and supervisors should establish working conditions that encourage improved radiological control. This
includes temperature, humidity, and lighting as well as the more difficult considerations of accessibility. Work
conditions should be considered in planning work.

8.  Cleanliness and good housekeeping are essential. A good radiological control program cannot exist in a sloppy,
dirty workplace. Cleaning up after operations should be automatic for each person. It is not reasonable to expect
radiological control to be separated from the work environment; they go together.

9.  Subcontractors and subcontracted employees should be treated the same as facility staff in the area of radiological
control matters, shall have comparable radiation safety training [see 835.901], and should meet the same
requirements and expectations.

10. Conditions that could cause or promote the spread of contamination, such as a leaking roof or piping, should be
identified and corrected on a priority basis.

126 Improving Worker Awareness of Radiological Conditions

In performing assigned duties within radiological areas, workers should be familiar with the area radiological conditions
and be aware of the possibility that unforeseen changes may occur. Although the conduct of radiological surveys is
viewed as a traditional role of radiological control technicians, experience has shown that properly trained and qualified
workers are capable of performing supplemental radiological surveys in the course of work. This process results in
exposure savings and improved contamination control.

Specific examples of surveys that may be effectively performed by workers and result in exposure reductions include
self-monitoring of dose rates during high radiation area entries and monitoring of tools and equipment for contamination
as a qualitative check during work in contamination areas. The performance of legal record surveys, such as release
surveys, should remain the responsibility of the radiological control organization.

1-12




DOE-STD-1098-99
Radiological Control
Excellence in Radiological Control July 1999

127 Critiques

It is DOE’s desire and expectation, based on concern for the safety and well-being of workers and the general public,
that radiological work practices be continually scrutinized and questioned so that opportunities for improvement can
be identified, assessed, and applied.

A formal critique process should be established to obtain pertinent facts following an unusual radiological situation or
at the satisfactory conclusion of a new or unusual operation involving radiological controls. This process complements
the Occurrence Reporting and Processing System (ORPS) of DOE O 232.1, Occurrence Reporting and Processing of
Operations Information. The process, as described in Article 351, is used to quickly establish facts in chronological
order so that the underlying reasons or causes for the success or failure are well understood.

128 Facility Modifications and Radiological Design Considerations

Radiological control performance is affected by human performance and engineered design features. This Standard
primarily addresses the way individuals operate and use existing facilities and sites. General design criteria for new
facilities and major modifications to existing facilities are provided in 10 CFR 835 and DOE O 420.1, Facility Safety.
Additional design criteria are provided in Chapter 3.
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PART 3 Improving Radiological Control Performance
131 Radiological Performance Goals

DOE O 210.1, Performance Indicators and Analysis of Operations Information, establishes requirements for the use
of goals and performance indicators. Goals are intended as a measure of and a motivation for improvement, not an end
in themselves. Goals are not to be viewed narrowly as numerical values, but as tools to assist management in focusing
their priorities and attention. The following are examples of radiological control goals that may be appropriate:

1.  Collective Dose (person-rem): This goal should be based upon planned activities and historical performance. For
those sites that have neutron radiation, a goal for collective neutron dose should also be established.

2. Skin and Personal Clothing Contamination Occurrences (number): Personnel contaminations may indicate a

breakdown of controls intended to prevent the spread of contamination.

3. Intakes of Radioactive Material (number): Management should focus attention on any failure of the controls that
results in unplanned intakes.

4.  Contaminated Area Within Buildings (square feet): Operating with a smaller contaminated area may result in less
radioactive waste, fewer personnel contaminations, and improved productivity. The reduction of existing
contaminated areas should be balanced by the recognition that this generates radioactive waste. Goals for both
should be correlated.

5. Radioactive Waste (cubic feet): Minimizing the generation of radioactive waste reduces the environmental impact
of DOE operations, helps reduce personnel exposure, and reduces costs associated with handling, packaging, and
disposal.

6. Liguid and Airborne Radioactivity Released (curies): Minimizing effluents reduces the environmental impact of
DOE operations and reduces the costs associated with remediation.

132 Management of Radiological Control Goals and Performance Indicators

1.  The contractor senior site executive should establish, approve, and maintain a radiological control goals and
performance indicator program.

2.  The radiological control goals should be measurable, achievable, auditable, challenging, and meaningful in
promoting improvement.

3. Goals should be developed primarily by those responsible for performing the work. Consideration should be given
to the formation of a committee that includes the active participation of the work force.

4. Radiological control goals should be reviewed at least annually and revised as appropriate. Normally, more
stringent goals should be set annually to reflect the improved radiological control performance at the facility.
Occasionally, a goal may be made less stringent to accommodate changes in work load or mission.
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133 Radiological Control Performance Reports

L.

The radiological control manager or designee should provide a monthly summary report to the contractor senior
site executive for sites which exceed an annual collective dose of one person-rem. This report should include
indicators of progress toward achieving the radiological control goals established in accordance with Article 131.
Examples of performance indicators that provide a more detailed analysis of performance are identified in Table
1-1. The monthly report should provide performance indicators for the month, as well as tracking and trending
for the prior twelve-month period.

The radiological control manager should provide appropriate performance indicator information to supervisors
and managers on a frequent enough basis to permit management of radiological control performance. The
frequency should be consistent with the nature of the workload and the potential for exceeding the established
goals.

To promote worker awareness of radiological control performance, selected indicators related to their work group
should be posted in the workplace.
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Table 1-1 Suggested Radiological Control Performance Indicators

Exposure control

Collective dose in person-rem

Average worker dose in rem

Maximum dose to a worker in rem

Number of unplanned exposures resulting in doses greater than the facility administrative control
level

e.  Number of dose assessments for lost or damaged dosimeters

f.  Maximum neutron dose to a worker in rem

oo

Personnel contamination

a.  Number of skin and personal clothing contaminations
b.  Number of contaminated wounds
c. _ Number of facial contaminations

Control of internal exposure

Number of unplanned intakes

Number of airborne events

Number of alarms on airborne monitors (actual and false)
Number of airborne radioactivity areas

Area of airborne radioactivity areas in square feet

ppo o

Control of contaminated areas in operational areas

Number of contamination and high contamination areas
Area of contamination areas in square feet

Area of high contamination areas in square feet
Number of spills

ao o

Minimization of radioactive waste

a.  Volume and activity of radioactive waste in cubic feet and curies, respectively
b.  Number of cubic feet not subject to volume reduction by incineration, compaction, or other means

Control of radioactive discharges

a.  Activity of liquid radioactivity discharges in curies
b. _ Activity of airborne radioactivity discharges in curies
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134 Assessments

Assessment, as used in this Standard, refers to the process of providing independent feedback to senior line managers
to indicate the adequacy of the radiological control program.

1.

Inspections, audits, reviews, investigations, and self-assessments are part of the numerous checks and balances
needed in a good radiological control program. Internal audits of the radiation protection program shall be
conducted such that over a 36-month period, all functional elements are assessed [see 835.102]. The audits should
address program performance, applicability, content, and implementation. These audits should be performed by
the radiological control organization, the quality assurance organization, or other organizations having the requisite
knowledge to adequately assess radiological control activities.

Identification of the functional elements of the program depends upon many site- or facility specific factors. Based
upon the contents of 10 CFR 835, the following functional elements should be considered for inclusion in the
assessment program:

Personnel dosimetry and dose assessment

Portable and fixed instrumentation

Contamination control

Radiological monitoring (area and item monitoring)
ALARA program

Accident and emergency dose controls

Radioactive material control, including sealed radioactive source control and material release
Entry controls

Training

Posting and labeling

Records and reports

Radiological design and administrative controls

Managers, supervisors, and workers should look upon assessments as helpful. 1t is desirable to approach
assessments with nothing to hide and with the radiological control program as an open book. Results of
assessments should be incorporated into the ongoing process of improving radiological control performance.

Managers should encourage the positive view that identifying even minor deficiencies represents an opportunity
for further improvement. The number of deficiencies does not in itself measure the overall quality of the
radiological control program. A prioritization system to implement actions for resolving the deficiencies should
be implemented.

In developing corrective action plans for assessment activities, managers should address root causes for the
identified deficiencies or concerns, not just the specific symptoms identified by the reviewer.

Feedback on findings from assessments, root-cause analyses, status of corrective actions, and adherence to action
plan schedules should be frequently provided to management.
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135 Workplace Awareness

L.

DOE encourages management initiatives to facilitate the expression of concerns on the part of the work force, to
address such concerns, and to solve them to ensure the proper respect for and understanding of radiation.

Management should establish and support a radiological awareness reporting system. To enhance work force
awareness, the program should encourage continuous evaluation and improvements, track resolution of concerns,
provide feedback to employees, and post results and trends. This system may be integrated with similar reporting
systems for non-radiological concerns.

136 Internal Exposures

Control and prevention of internal exposure, particularly from long-lived radionuclides in the workplace, present special
challenges to a radiological control program and warrant particular aitention. Factors requiring management attention
include the following:

Workers may be exposed to unanticipated levels of elevated airborne radioactivity. The time required to collect
representative airborne radioactivity samples and to determine the airborne concentration of radionuclides may
contribute to worker intakes of radioactivity.

If controls fail, internal depositions of radionuclides can occur in a short period of time.

The continued exposure of workers to airborne radioactivity over extended periods of time can create worker
concerms.

Doses from some radionuclides taken into the body are difficult to measure. Although some radionuclides, such
as cestum and tritium, can be readily measured at levels that produce only a few millirem, some long-lived

radionuclides, such as plutonium, may require years for accurate measurements of hundreds of millirem.

Medical intervention, such as the administration of blocking and chelating agents, to mitigate internal deposition
may add risks by introducing additional chemicals into the body.

Sampling of body excretions and whole body or organ counting techniques may encourage worker perceptions of
interal exposure significance.

Administration of internal dose assessment is costly in dollars and worker time. Control and analysis of samples
are also more complicated and time consuming than the elements of external dosimetry.

Use of respiratory protection devices imposes additional physical stresses upon participating workers.

The hierarchy of controls required to control internal exposures is provided in Article 316.
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137 Neutron Exposures

Neutron exposures have the following characteristics that require attention:

®  The specific biological effects of neutrons are not as well understood as the effects of gamma exposure.
®  Neutron dose equivalent is more difficult to assess than gamma dose equivalent.

Article 131 provides guidance for setting goals to focus attention on controlling neutron exposure.

138 ALARA Committee

The ALARA process of managing radiation exposures is a fundamental requirement of every radiological control
program. An ALARA Committee provides a useful forum for reviewing radiological control plans and performance
and focusing management resources on radiological control issues.

1.  An ALARA Committee should be established. The membership should include managers and workers from the
line, the technical support organization, and the radiological control organization. It is more effective if a line
manager, such as Director of Operations, Research, or Maintenance serves as the Chair. This Committee may be
part of a general safety or radiation safety committee whose functions include ALARA activities and possibly be
combined with other committees for smaller facilities.

2. The ALARA Committee should make recommendations to management to improve progress toward controlling
radiation exposure and radioactive releases. The Committee should evaluate items such as construction and design
of facilities and systems, planned major modifications or work activities, and experimental test plans for exposure,
waste, and release controls. The Committee should also receive, as a minimum, the results of all radiological
control program assessments, both internal and external, and should review the overall conduct of the radiological
control program.
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PART 4 Contractor Radiological Control Organization

141 Radiological Control Organization

1.

4.

A radiological control organization should be established to provide relevant support to line managers and workers.
To function effectively, the radiological control organization should be independent of the line organizational
element responsible for production, operation, or research activities and should have an equivalent reporting level.
A single, dedicated radiological control organization for the site is sufficient. Atlarger DOE sites where facilities,
buildings, or work areas are dispersed, an approach that provides site-wide consistency and individual facility
radiological control support is recommended. The senior line manager responsible for operations at a facility
should have assigned radiological control personnel dedicated to the facility. Consistency of radiological control
is critical. Itis not the intent of this Standard to duplicate organizations but to use personnel in a more effective
manner in workplace situations.

Radiological control personnel should monitor adherence to the site-specific radiological control manual and be
available to the facility line manager for radiological support to the work force. To function effectively in this
capacity, they should receive their day-to-day priorities from facility managers. To ensureindependence in making
correct radiological control decisions, the radiological control organization should be accountable to the
radiological control manager.

The radiological control manager heads the radiological control organization and is responsible for and should
establish a high quality radiological control program.

The radiological control manager should have access to the senior site executive for radiological control matters.

142 Radiological Control Manager Qualifications

1.

The radiological control manager should be an experienced radiological control professional and be familiar with
the design features and operations of the facility that affect radiological hazards.

The radiological control manager should have the technical competence and experience to establish radiological
control programs and the supervisory capability to direct the implementation and maintenance of radiological
control programs.

The radiological control manager should have a minimum of a bachelor's degree or the equivalent in science or
engineering, including some formal training in radiological control. Certification by the American Board of Health
Physics provides equivalency to the above. The radiological control manager should have at least three years of
professional experience in applied radiological control work. Advanced academic degrees can count as one year
of experience where course work related to radiological control is involved. Radiological control manager
qualifications should be consistent with the guidelines provided in DOE-STD-1107-97, Knowledge. Skills, and
Abilities for Key Radiation Protection Positions at DOE Facilities.

If the most effective manager for this position does not satisfy the above qualifications, special arrangements
should be made. In these situations, the assignment of a deputy with the requisite expertise and qualifications can
satisfy the requirement. The education, training, and skills requirements of 10 CFR 835.103 would apply to both
individuals to the extent that their responsibilities address programs to ensure compliance with 10 CFR 835.

Management should provide persons assigned to or being considered for the radiological control manager position
a structured program leading to certification by the American Board of Health Physics.
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143 Radiological Control Organization Functions and Staffing

1.

The senior staff of the radiological control organization should include health physicists and other professionals
with four-year degrees in science or engineering. A continuing training program should be established. DOE
encourages pursuit of certification by the American Board of Health Physics for senior and professional staff
members. Training and education provisions for these individuals are established in Article 654.

Radiological support personnel provide health physics and radiological engineering, dosimetry, bioassay,
independent oversight, instrumentation, and calibration functions. Training and education provisions for these
individuals are established in Article 654.

Appropriate standards for the education and training of radiological control organization senior staff and support
personnel are provided in DOE-STD-1107-97, Knowledge, Skills. and Abilities for Key Radiation Protection
Positions at DOE Facilities.

144 Relationship Between Radiological Control Technicians and Workers

Radiological control technicians (RCTs) and their supervisors perform the functions of assisting and guiding workers
in the radiological aspects of the job.

1.

Radiological workers should be sufficiently trained to recognize questionable or deteriorating radiological
conditions and seek advice from radiological control technicians and their supervisors.

RCTs and their supervisors have the responsibility and authority to stop work or mitigate the effect of an activity
in accordance with Article 345.

The actions or presence of radiological control personnel does not absolve the workers of their responsibility for
properly conducting radiological control aspects of the job.

145 Marginal Radiological Control Performance

1.

When radiological control performance is less than adequate, consideration should be given to strengthening line
management and the radiological control organization to provide adequate radiological control.

If the work force does not have the required level of sensitivity for radiological work practices, additional
management attention is needed to assure the proper outcome. Line management should be held accountable for
implementation of the radiological control program. Corrective actions that should be considered include:

More direct line supervision in the work space
Curtailment of work schedules

Deferral of work

Addition of extra radiological control personnel
Conduct of additional training.

paooe

When the workers and supervisors achieve the proper level of radiological control performance, the ongoing need
for the corrective actions instituted in accordance with Article 145.2 should be reevaluated.
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PART 5 DOE Management
151 Program Office

1.  Secretarial Officers are responsible for the establishment and maintenance of radiological control programs for
activities under their cognizance, and are accountable for the quality and performance of radiological work
conducted at their assigned sites.

2. Each Secretarial Officer should designate an individual to be the Program Office focal point on radiological
control matters with the DOE Operations Office and applicable Field Office Managers, counterparts within DOE,
and the contractor organizations. This individual is referred to in this Standard as the Radiological Control
Program Advisor.

152 Operations Offices and Applicable Field Offices

1. Managers of Operations Offices and the Rocky Flats and Ohio Field Offices are responsible for the line
management function of conducting day-to-day management of contractor activities, including monitoring the
quality and performance of radiological work.

2. Managers of Operations Offices and the Rocky Flats and Ohio Field Offices should designate an individual to be
responsible for providing radiological control program assessments, interacting routinely with the Radiological
Control Program Advisors of the affected DOE Program Offices, assisting the DOE field line organization in the
use of this Standard, and interacting on a periodic basis with counterparts at other sites.

153 Department Policy

The Assistant Secretary for Environment, Safety and Health (EH) is responsible for promulgating and maintaining the
overall DOE policy and standards with respect to radiological health and safety. EH is also responsible for periodically
revising the Standard to make corrections or improvements to the document. Other DOE elements should rely upon
subject matter experts within EH for assistance on issues involving topics such as radiological health effects, health
physics, dosimetry, instrumentation, training, and radiological controls.

154 Department Independent Radiological Control Performance Oversight

EH carries out its responsibility to provide independent radiological control performance oversight, on behalf of the
Secretary of Energy, through various means, including the following:

1. Uses 10 CFR 835 as its basis document. To the extent that a DOE activity’s documented radiation protection
program establishes commitments to the use of specific guidance documents, such as the 10 CFR 835 Guides
(DOE G 441 Series), this Standard, or consensus standards, to achieve compliance, these documents should also
be used as basis documents.

2. Assesses DOE Program, Operations, and applicable Field Office performance of their line management
responsibilities for implementing and maintaining radiological controls as detailed in the basis document(s).
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155 Radiological Control Coordinating Committee (RCCC)

1.

The RCCC, as a minimum, consists of the Radiological Control Program Advisors from the Offices of Defense
Programs, Science, Environmental Restoration and Waste Management, and Nuclear Energy, Science, and
Technology, and representatives from EH, Field Management and selected Operations and Field Offices.

The RCCC is expected to receive and review suggestions, concerns, and comments from its individual members,
Operations Offices, and contractors. The RCCC functions in a collective manner to promote a consistent and
uniform emphasis in the direction and implementation of this Standard. Communications with the RCCC should
follow standard administrative and reporting channels.

The RCCC should meet at least quarterly and more frequently during periods of transition (i.e., when developing
or implementing significant new or revised complex-wide programs).

RCCC meetings should include representatives from Operations Offices and recognized industry experts from
outside DOE. The interaction with non-DOE professionals enhances the awareness of state-of-the-art technology
and practices.

156 DOE Employees in the Workplace

DOE employees at a DOE site or facility are subject to and should adhere to the provisions of the contractor's site-
specific radiological control manual.
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PART 1 Administrative Control Levels and Dose Limits

To accomplish DOE's objective of maintaining individual doses well below regulatory limits, challenging numerical
administrative control levels should be established below the regulatory limits to administratively control and help
reduce individual and collective radiation dose. These control levels should be multi-tiered with increasing levels of
authority required to approve higher administrative control levels.

Unless otherwise indicated, administrative, lifetime, and special control levels and dose limits are stated in terms of the
total effective dose equivalent, which is the sum of the doses received from internal and external sources.

211 Administrative Control Level

1. Approval by the appropriate Secretarial Officer or designee should be required prior to allowing an individual to
exceed 2,000 millirem in a year.

2.  Facility management should establish an annual facility administrative control level based upon an evaluation of
historical and projected radiation exposures, work load, and mission. The specific value selected should be more
restrictive than the administrative control level established by the Program Office. This control level should be
reevaluated annually. The choice of a iow level for one year does not preclude choosing either a higher or iower
level in a subsequent year. The facility administrative control level should be approved by the contractor senior
site executive

3. For most facilities, an annual facility administrative control level of 500 miilirem or less will be challenging and
achievable. An annual administrative control level above 1,500 millirem is in most cases not sufficiently
challenging to meet the goals of this Standard.

4. No individual should be allowed to exceed the facility administrative control level without the prior written
approval of the radiological control organization and cognizant facility management. Authorization by the
contractor senior site executive is recommended.

5. When there is wide variation in the expected doses to the various work groups at a single facility, facility
management should develop work group-specific administrative control levels to control worker doses below the
regulatory limits.

212 Lifetime Control Level

1.  Efforts should be made to control each individual's lifetime occupational dose below a lifetime control level of
N rem where N is the age of the individual in years. Article 216 discusses special control levels for radiological
workers who have doses exceeding N rem.

2. Toensure compliance with the lifetime control level, efforts should be made to determine the lifetime occupational
dose of individuals expected to receive more than 1 rem in a year. The lifetime occupational dose is determined
by summing all occupational internal and external doses received during the individual's lifetime.

3.  The internal contribution to lifetime occupational dose from intakes prior to January 1, 1989, may be calculated
in terms of either cumulative annual effective dose equivalent or committed effective dose equivalent. The
committed effective dose equivalent should be used to the extent that adequate data are available to calculate doses
in these terms.
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213 Occupational Dose Limits

1.

Occupational dose limits are provided in Table 2-1 and shall not be exceeded [see 835.202(a)(1)-(4)]. All
occupational dose received during the current year, except the dose resulting from planned special exposures and
emergency exposures, shall be included when demonstrating compliance with Table 2-1 limits [see 835.202(b)
& 702(d)]. If formal records of an individual’s prior occupational dose during the year cannot be obtained, a
written estimate signed by the individual may be accepted [see 835.702(d)]. Written estimates should not be used
as a basis for authorizing planned special exposures or emergency exposures.

In an exceptional situation, a radiological worker may be authorized to receive a dose in excess of the values of
the limits specified in Table 2-1.

a.  Planned special exposures may be authorized for an individual to receive doses in addition to and accounted
for separately from doses received under the Table 2-1 limits [see 835.204].

b. Under emergency conditions, individuals may be authorized to receive doses that exceed the limits
established in Table 2-1 [see 835.1301 & 1302]. The provisions of this Standard are not intended to limit
actions necessary to protect health and safety under these conditions [see 835.3(d)].

DOE believes that there are few situations in which conduct of a planned special exposure or emergency exposure
will constitute a best management practice and that proper implementation of the provisions of this Standard will
obviate the need for conducting these operations. Therefore, specific guidance for conduct of these operations
is not provided in this Standard. Requirements for authorizing, conducting, recording, and reporting these
operations are provided in 10 CFR 835 and, for emergency exposures, in DOE Emergency Management Guides.

The occupational dose limits provided in Table 2-1 apply to all general employees. However, general employees
who have not completed appropriate training and examinations are not permitted unescorted access to any
radiological area [see 835.901(b)].

214 Member of the Public Dose Limit

Members of the public permitted access to the controlled area at DOE sites shall be limited to an annual radiation dose
of 100 millirem from the sum of doses received from internal and external radiation sources [see 835.208].

215 Embryo/Fetus Dose Controls

After a female worker voluntarily notifies her employer in writing that she is pregnant, for the purposes of fetal/embryo
protection, she is considered a declared pregnant worker. This declaration may be revoked, in writing, at any time by
the declared pregnant worker [see 835.2(a), Declared pregnant worker].

1.

The employer should provide the option of a mutually agreeable assignment of work tasks, without loss of pay or
promotional opportunity, such that further occupational radiation exposure during the remainder of the gestation
period is unlikely.
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2. For a declared pregnant worker who chooses to continue work involving occupational exposure:

a. The dose limit for the embryo/fetus from conception to birth (entire gestation period) as a result of the
occupational exposure of the declared pregnant worker is 500 millirem [see 835.206(a)]. The dose to the
embryo/fetus is equal to the sum of doses received from external doses, sources inside the mother, and
sources inside the embryo/fetus.

b.  Measures shall be taken to avoid substantial variation above the uniform exposure rate necessary to meet the
500 millirem limit for the gestation period [see 835.206(b)]. Efforts should be made to avoid exceeding 50
millirem per month to the declared pregnant worker.

3. Ifthe dose to the embryo/fetus is determined to have already exceeded 500 millirem when a worker notifies her
employer of her pregnancy, the worker shall not be assigned to tasks where additional occupational radiation
exposure is likely during the remainder of the gestation period [see 835.206(c)].

Table 2-1 Summary of Occupational Dose Limits

TYPE OF EXPOSURE LIMIT
General Employee: Whole Body (internal + external) (TEDE) [see 835.202(a)(1)] 5 rem/year
General Employee: Lens of the Eye (external) [see 835.202(a)(3)] 15 rem/year
General Employee: Skin and extremities (external shaliow dose) [see 835.202(a)(4)] 50 rem/year
General Employee: Any organ or tissue (other than lens of eye) (internal + external)
[sce 835.202(a)(2)] 50 rem/year

0.5 ren/

Declared Pregnant Worker: Embryo/Fetus (internal + external) [see 835.206(a)]

gestation period

M

inors: Whole Body (internal + external) (TEDE) {see 835.207] 0.1 rem/year

Minors: Lens of the eye, skin, and extremities [see 835.207}

10% of General
Employee limits

Notes:

The weighting factors in Appendix 2B shall be used in converting organ dose equivalent to effective dose equivalent for the whole body dosc
[sce 835.203(b)].

The annual limit of dose to "any organ or tissuc" is based on the committed dose cquivalent to that organ or tissue resulting from internally
deposited radionuclides over a 50-year period after intake plus any deep dose cquivalent to that organ from cxternal exposures during the
year[see §35.202(a)(2).

Exposures duc to background radiation, as a patient undcrgoing therapeutic and diagnostic medical procedures, and participation as a subject
in medical research programs shall not be included in either personnel radiation dosc records or assessment of dosc against the limits in this
Table [see 835.202(c)].

Sec Appendix 2C for guidance on non-uniform exposure of the skin.

Wholc body dose (TEDE) = effective dose cquivalent from external exposures + committed effective dose equivalent from internal exposures
[sce 835.2(a)).

Lens of the cye dosc equivalent = dose equivalent from extcrnal exposure determined at a tissue depth of 0.3 em [sce 835.2(a)).

Shallow dose cquivalent = dose equivalent from cxternal cxposure determined at 2 tissue depth of 0.007 cm [see 835.2(2)].
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216 Special Control Levels

Certain situations may require lower individual exposure control levels. In addition to considering recommendations
from senior radiological control and medical officials, the contractor senior site executive should obtain advice from
professionals in other disciplines such as human resources and legal in establishing special control levels. The
contractor senior site executive may wish to establish these special control levels using a radiological health advisory

group.

1. A special control level for annual occupational exposure should be established for each radiological worker with
a lifetime occupational dose exceeding N rem, where N is the age of the individual in years. The special control
level should allow the individual's lifetime occupational dose to approach and, if practicable, fall below N rem
during ensuing years as additional occupational dose is received.

2. An employer should be attentive to special circumstances of employees, such as those undergoing radiation
therapy, and establish special control levels as appropriate.

3.  Special controls on an individual dose should not be implemented in a manner that interferes with that individual's
right to work. If reasonable efforts to implement the special control level below 1 rem per year threaten to restrict
the individual’s right to work or are otherwise unsuccessful, the contractor senior site executive should authorize
any doses in excess of the special control level, but not to exceed the regulatory dose limits.
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PART 2 Contamination Control and Control Levels

Control of radioactive contamination is achieved by using engineering controls and worker performance to contain
contamination at the source, reducing existing areas of contamination, and promptly decontaminating areas that become
contaminated.

221 Personnel Contamination Control

L.

Article 338 provides personnel contamination monitoring requirements and guidance. This guidance is not
relevant to individuals exiting areas containing only radionuclides, such as tritium, that cannot be detected using
hand-held or automatic frisking equipment.

Monitoring for contamination should be performed using frisking equipment that can detect total contamination
at or below the values specified in Table 2-2. DOE encourages the use of automatic monitoring units that meet
the above requirements.

Individuals found with detectable contamination on their skin or personal clothing, other than noble gases or
natural background radioactivity, should be promptly decontaminated as described in Article 541.

222 Contamination Control Levels

L

5.

A surface is considered contaminated if either the removable or total surface contamination is detected above the
levels in Table 2-2. Controls shall be implemented for these surfaces commensurate with the nature of the
contaminant and level of contamination [see 835.1102(b)]. Appropriate postings and controls are established in
Chapters 2, 3, and 4 of this Standard.

Surfaces exceeding the values of Table 2-2 for total contamination may be covered with a fixative coating to
prevent the spread of contamination. However, reasonable efforts should be made to decontaminate an area before
a coating is applied. A fixative coating should not be applied without the approval of the radiological control
manager or designee.

Appropriate controls for areas of fixed contarnination are provided in Article 224.

For areas with contaminated soil that is not releasable in accordance with DOE’s environmental protection
standards, a soil contamination area should be established that:

a. Isposted as specified in Article 238.
b.  Meets the requirements of Article 231.1 through 231.8.

Soil contamination areas may be located outside a radiological buffer area.

223 Airborne Radioactivity Control Levels

1.

Use of engineering and administrative controls to reduce the potential for internal exposure should be evaluated
before allowing individuals, with or without respiratory protection, to enter areas with airborne radioactivity.

Posting requirements for areas with airborne radioactivity are specified in Article 235. Values of Derived Air
Concentrations are provided in 10 CFR 835.
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224 Areas of Fixed Contamination

Due to reduced concerns regarding contamination spread, areas having only fixed contamination may not warrant the
full range of entry controls established for areas having removable contamination levels exceeding the Table 2-2 values.
Areas located outside of radiological areas having measured total contamination exceeding the total surface
contamination values specified in Table 2-2 (removable contamination levels below Table 2-2 values) are subject to the
following controls:

L

Periodic surveys shall be conducted to ensure the surface contamination remains fixed to the surface and
removable surface contamination levels remain below Table 2-2 values [see 835.1102(c)(1)].

Markings indicating the status of the area shall be applied [see 835.1102(c)(2)]. These markings should be applied
directly to the surface (or at the access points) to provide appropriate warning. These markings may also provide
appropriate instructions to individuals entering the area or contacting the surface (i.e., "Fixed Contamination" or
"Fixed Contamination, Notify Radiological Control Personnel Prior to Removing Paint"). Signs, stencils, or other
appropriate markings may be used.

Markings and postings should be maintained in a legible condition.

Appropriate written procedures should be implemented to prevent unplanned or uncontrolled removal of the
contamination. These procedures should address issues such as access controls and fixative coatings, if needed,
survey techniques and frequency, area tracking and maintenance, and required markings.

If surveys indicate that contamination is likely to be transferred from the area, fixative coatings should be applied.
When paint is used as a fixative coating, it should consist of two layers having contrasting colors, to provide
indication of erosion of the top layer. Other fixative coatings, such as strippable coatings and applied plastics and
foams, should be periodically evaluated for evidence of degradation. Removable contamination should be reduced
to the minimum practicable level before application of fixative coatings.

Areas meeting these requirements are exempt from the posting requirements of Articles 232 - 238 and the entry
and exit requirements of Chapter 3.
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Table 2-2 Summary of Surface Contamination Values [see 835 Appendix D]

TOTAL (FIXED
RADIONUCLIDE ﬁfﬁ%"‘;‘fnﬁ;‘)‘: + REMOVABLE)
(See Note 1) (gee Note 2) (dpnv/100 cm?)
(See Note 3)
U-natural, U-235, U-238, and associated decay products 1,000 alpha 5,000 alpha
Transuranics, Ra-226, Ra-228, Th-230, Th-228, Pa-231, Ac-227, 20 500
I-125,1-129
Th-nat, Th-232, Sr-90%, Ra-223, Ra-224,
U-232,1-126, 1-131, 1-133 200 ) 1,000
Beta-gamma emitters (nuclides with decay modes other than 1.000 beta-
alpha emission or spontaneous fission) except Sr-90 and others ’ a 5,000 beta-gamma
noted above. Includes mixed fission products containing Sr-907. &
Tritium and tritiated compounds 10,000 NA
Notes:
1. Except as noted in Footnote 5 below, the values in this Table apply to radioactive contamination deposited on, but not incorporated into the

interior of, the contaminated item. Where contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits established for
the alpha- and beta-gamma-emitting nuclides apply independently [sce 835 App. D, note 1].

2. The amount of removable radioactive material per 100 cm?® of surface area should be determined by swiping the area with dry filtcr or soft
absorbent paper while applying modcrate pressurc and then assessing the amount of radioactive material on the swipc with an appropriate
instrument of known efficiency (Note: The usc of dry material may not be appropriate for tritium.). For objects with a surface area less than
100 cm?, the entire surface should be swiped, and the activity per unit area should be based on the actual surface area. It is not necessary to
use swiping techniques to measure removable contamination levels if direct scan surveys indicate that the total residual contamination levels
are below the values for removable contamination {see 835 App. D, note 4).

3. The levels may be averaged over 1 square meter provided the maximum activity in any area of 100 cm? is less than threc times the valucs in
Table 2-2 [see 835 App. D, note 3].

4. This category of radionuclides includes mixed fission products, including the Sr-90 which is present in them It does not apply to Sr-90 that
has been separated from the other fission products or mixtures where the Sr-90 has been enriched {see 835 App. D, note 5].

5. Tritium contamination may diffusc into the volume or matrix of materials. Evaluation of surface contamination shall consider the extent to
which such contamination may migratc to the surfacc in order to ensure the surface radioactivity value provided in this Table is not exceeded.
Once this contamination migrates to the surface, it may be removable, not fixed; therefore, a "Total” value does not apply {see 835 App. D,
note 6].

6. These values should be applicd to total Sr-90/Y-90 activity resulting from processes involving the scparation or purification of Sr-90.

7. These values should be applied to total Sr-90/Y-90 activity resulting from the presence of Sr-90 in mixed fission products.
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PART 3 Posting

231 General Posting Provisions

1.

Radiological postings are intended to alert individuals to the presence of radiation and radioactive materials and
to aid them in controlling exposures and preventing the spread of contamination. Boundaries used for radiological
control purposes are depicted in Figure 2-1.

Signs shall contain the standard radiation symbol (radiation warning trefoil) colored magenta or black on a yellow
background [see 835.601(a)]. Lettering should be either magenta or black. Magenta is the preferred color.
Standardized signs, as described in DOE’s core training and 10 CFR 835 Guides, should be used where
practicable.

Signs shall be conspicuously posted at each access point [see 835.601, 603], clearly worded, and, where
appropriate, may include radiological control instructions [see 835.601(b)]. Radiological postings should be
displayed only to signify actual or potential radiological conditions. Signs used for training should be clearly
marked, such as "For Training Purposes Only."

Posted areas should be as small as practicable for efficiency.
Postings should be maintained in a legible condition and updated based upon the results of the most recent surveys.

If more than one radiological condition (such as contamination and high radiation) exists in the same area, each
condition shall be identified [see 835.603].

In areas of ongoing work activities, the dose rate and contamination level or range of each should be included on
or in conjunction with each posting as applicable.

Postings at entrance points to areas of ongoing work activities controlled for radiological purposes should state
basic entry requirements, such as dosimetry, radiological work permit (RWP) or other written authorization, and
respiratory protection requirements.

Rope, tape, chain, and similar barriers used to designate the boundaries of posted areas should be yellow and
magenta in color.

Physical barriers should be placed so that they are clearly visible from all directions and at various elevations.
They should not be easily walked over or under, except at identified access points. These barriers shall be set up
such that they do not impede the intended use of emergency exits or evacuation routes [see 835.501(e), 502(d)}].

Areas shall be clearly and conspicuously posted [see 835.601(b)]. Posting of doors should be such that the
postings remain visible when doors are open or closed.

A radiological posting that signifies the presence of an intermittent radiological condition should include a
statement specifying when the radiation is present, such as "CAUTION: RADIATION AREA WHEN RED
LIGHT IS ON."
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13.  Accessible areas may be excepted from the radiological area posting requirements:

a. During transient radiological conditions of less than 8 continuous hours duration when posting is not
practical, such as radioactive material transfers. Under these conditions, the area shall be placed under the
continuous observation and control of individuals who are knowledgeable of and empowered to implement
required access and exposure control measures [see 835.604(a)]. These individuals should be stationed to
provide line of sight surveillance and verbal warnings.

b.  When the area contains only packages of radioactive material received from transportation while awaiting
survey in accordance with Articles 552 and 554 [see 835.604(c)].

The exceptions discussed above apply only to radiological area and radioactive material area posting requirements
and do not apply to the entry control requirements established in 10 CFR 835.501 and 835.502.

232 Posting Controlled Areas

Controlled areas are established and posted to warn individuals that they are entering areas controlied for radiation
protection purposes. All radiological areas and radioactive material areas lie within the boundaries of controlled areas.
Individuals who enter only the controlled area without entering radiological areas or radioactive material areas are not
expected to receive a total effective dose equivalent exceeding 100 millirem in a year.

1.

Each access point to a controlled area shall be posted whenever radiological areas or radioactive material areas
may be present in the area [see §35.602(a)).

The contractor may select the type of sign used to avoid conflict with local security requirements [see 835.602(b)].
This selection should be approved by the contractor senior site executive.

233 Posting Radiological Buffer Areas

Radiological buffer areas are intended to provide secondary boundaries within the controlled area to minimize the spread
of contamination and to limit doses to general employees who have not been trained as radiological workers.

1.

A radiological buffer area should be established for contamination control adjacent to any entrance to or exit from
acontamination, high contamination, or airborne radioactivity area. The size of the radiological buffer area should
be commensurate with the potential for the spread of contamination.

A radiological buffer area should be established for exposure control adjacent to radiation, high radiation, and very
high radiation areas. The boundary for the radiological buffer area should be established to limit radiation doses
to general employees to less than 100 millirem per year.

A radiological buffer area is not required for:

a.  High contamination or airborne radioactivity areas that are completely within contamination areas

b.  Inactive contamination, high contamination, or airborne radioactivity areas (i.¢., areas to which entry hasbeen
prohibited by posting or barricades)

c.  Exposure control, if other posted boundaries or contrals provide equivalent employee protection

d.  Exposure control, if general employees who are not trained as radiological workers are restricted from
unescorted entry to controlled areas.







