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ABSTRACT 

This report defines the concept of maintaining occupational 
exposures to radiation as low as is reasonably achievable (ALARA) and 
describes the elements necessary for specific licensees to implement, 
operate, and evaluate an effective ALARA program. Examples of cost
effectiveness analysis and optimization are provided. The rationale for 
providing more detailed guidance to specific licensees stems from the 
current recommendations provided by the International Commission on 
Radiological Protection, as well as from the increased regulatory 
emphasis on maintaining occupational exposures ALARA. The objective of 
this work is to provide the Nuclear Regulatory Commission with a basis 
for updating Regulatory Guide 8.10. 
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LICENSEE PROGRAMS FOR MAINTAINING OCCUPATIONAL EXPOSURES 

TO RADIATION AS LOW AS IS REASONABLY ACHIEVABLE 

INTRODUCTION 

The principle of maintaining radiation exposure as low as 
practicable has long been the goal of radiation protection programs. 
The first regulatory requirements were introduced in Title 10 of the 
Code of Federal Regulations, Part 20, in January 1971. Upon 
recommendation by the Federal Radiation Council and approval by the 
President on December 3, 1970, wording was added charging licensees to 
"make every reasonable effort to maintain radiation exposures and 
releases of radioactive materials in effluents to unrestricted areas as 
far below limits specified in this part as practicable. The term •as 
far below limits specified in this part as practicable• means as low as 
is practicably achievable taking into account the state of technology 
and the economics of improvement in relation to benefit to the public 
health and safety and in relation to the utilization of atomic energy in 
the public interest ... 

fu the 1976 revision of 10 CFR Part 20, the term was changed to "as 
low as is reasonably achievable" (ALARA) and the definition changed to 
" ••• and the economics of improvements in relation to benefits to the 
public health and safety, and other societal and socioeconomic 
considerations, ••• " 

This regulatory basis evolved from recommendations of the National 
Council on Radiation Protection and Measurements (NCRP) and the 
International Commission on Radiological Protection (ICRP) who first 
stated the basic principle as early as 1954 (NCRP 1954, p.2). 
Subsequent guidance has continued to expand the concept and provide more 
definitive criteria for determining detriment and benefit in assessing 
radiation exposure usage. 

The most recent guidance from the ICRP (1977) further emphasizes 
the need for maintaining radiation exposures ALARA. The ICRP recommends 
a system of dose limitation, the main features of which are: 

1. No practice shall be adopted unless its introduction produces a 
positive net benefit. 

2. All exposures shall be kept as low as reasonably achievable, 
economic and social factors being taken into account. 

3. The dose equivalent to individuals shall not exceed the limits 
recommended for the appropriate circumstances. 
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To facilitate implementing the dose limitation system, the ICRP 
recommends using weighting factors to equate the detriment from 
irradiation of individual tissues to the detriment when the whole body 
is irradiated uniformly. Using these factors gives a single value for 
radiation dose, called radiation dose equivalent, and allows the 
addition of internal and external doses. This differs from current 
practice, in which an organ dose is related to an organ dose limit and 
whole body dose (normally external exposure) is related to a whole body 
penetrating dose limit. In addition , the ICRP introduced a process of 
optimization. The ICRP stated that i deally, optimization should use 
cost-benefit analysis to determine acceptability of a proposed operation 
or practice. In most practical appl ications, the optimization process 
would be used to evaluate a change in the net benefit in requiring that 
an activity be performed at one level of dose rather than another. The 
analysis would then become a differential cost-benefit analysis. 
Applying this analysis to a given practice, the optimization condition 
is fulfilled when the increase in the cost of protection per unit dose 
equivalent balances the reduction of detriment per unit dose equivalent. 

Many of the factors that should be considered in cost-benefit 
analyses may be variable and, perhaps, not quantifiable. However, with 
all the limitations, they provide possible quantitative inputs to the 
decision-making process. 

Cost-benefit analysis is not the only tool to be used in the 
optimization process and cannot be substituted for sound professional 
judgment. Those responsible for rad i ation protection in daily 
operations may need to rely on intuitive rather than quantitative 
evaluations in optimizing radiation exposure use. 

SCOPE 

The U.S. Nuclear Regulatory Commission (NRC) has issued Regulatory 
Guide 8.10, 11 0perating Philosophy for Maintaining O:cupational Radiation 
Exposures As Low As Is Reasonably khievable 11

, which discusses the 
philosphy of ALARA and provides general guidance on implementing an 
ALARA program. Increased emphasis on maintaining radiation exposures as 
low as is reasonably achievable and the current recommendations of the 
ICRP have made it desirable for the NRC to provide more detailed 
guidance for all specific 1 icensees. The objective of this work is to 
provide a basis for updating Regulatory Guide 8.10. This document will 
define the ALARA concept and describe the elements necessary for an 
effective ALARA program. 

PHILOSOPHY 

The ALARA philosophy, as it appl ies to personnel radiation 
exposure, has been a basic tenet of health physics for over 25 years 
(NCRP 1954). Maintaining radiation exposure as far below the limits as 
practical or reasonable is an important function of any effective 
radiation protection program. The ALARA concept is a part of the 
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radiation protection effort, not a separate entity . While certain 
activities may be identifi ed and conducted as an ALARA action, these 
same activities should be part of a normal, comprehensive health physics 
program. Consequently, defining and emphasizing ALARA elements to 
assure appropriate consideration is predicated on a strong and effective 
health physics program. 

The basic ALARA objective is to ensure that radiation exposures to 
workers and to the public are kept to the lowest levels commensurate 
with sound economics and operating practices . Current thinking is that 
any radiation exposure, no matter how small, may carry with it some 
degree of detriment or risk for causing certain types of injury. 
Although the level of risk associated with radiation exposure limits is 
very small, it is prudent to keep exposure, thus risk, as low as is 
reasonably achievable and to assure that this risk is assumed only if 
comparable benefit is achieved. In other words, it is always 
appropriate to seek cost-effective ways to reduce exposure or to do more 
work with less dose received . 

As with all other health physics functions, to accomplish ALARA 
requires a unified effort. In addition to the radiation protection 
specialist or organization, all others who effect the management, design 
or modification, operation, maintenance or resources of a facility in 
which radiation exposure is received must be involved in the development 
and implementation of the radiation protection and ALARA program. 

Achieving a successful ALARA program requires that licensee 
management at all levels be cognizant of and committed to the ALARA 
principles and goals. ~ly through a sincere management commitment and 
the transfer of that commitment to each employee can the ALARA concept 
be effectively realized. Licensees' radiation protection organizations 
are fundamental in carrying out the radiological and environmental 
protection functions . Included in these primary functions are the 
measurement and control of radiation exposures, which form the basis for 
ALARA evaluation . 

Certain elements are essential to an effective ALARA program . The 
degree of effort by a particular licensee may vary depending upon the 
size of a licensee's operation, the kinds of activities performed, the 
extent of the hazards involved, and the resources available. However, 
each element must be provided to implement an ALARA program . These 
elements are described in detail in the next section. 
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ELEMENTS ESSENTIAL TO AN ALARA PROGRAM 

A health physics program should identify and describe those 
elements that will be used in the ALARA program and its 
implementation. While each of these elements may also be used in 
carrying out the normal radiation protection functions, their 
relationship to and application in implementing the ALARA concept should 
be defined and details provided. The elements of an ALARA program 
should include: 

1. statement of policy 

2. management system for policy implementation 

3. organization responsibility and approval process 

4. training program 

5. strategy for incorporating ALARA considerations in the initial 
design and modification of facilities, processes and equipment 

6. strategy for factoring ALARA into procedure development and 
reviews: general, routine and nonroutine operations, and health 
physics 

7. provisions for planning prior to performing work 

8. optimization process 

9. system for analyzing dose trends, setting dose goals, measuring 
goal accomplishment, and analyzing performance 

10. in-house audit system to evaluate ALARA program effectiveness and 
correct deficiencies. 

Formal identification of ALARA program elements is essential to 
assure that all facets of the program are understood and implemented and 
that responsibilities, goals, and methodology for implementation are 
clearly specified. 

A clear definition of the program must be available to all levels 
of a licensee•s staff. The documentation should demonstrate the 
importance that management places on the ALARA principle, the level of 
attention that it will receive, and the methods that will be used to 
establish ALARA program goals, measure them and evaluate performance to 
meet those goals. Further, the formal documentation should emphasize 
not only that the highest levels of management are committed to and 
support the ALARA program, but that the efforts of each individual are 
needed and expected for optimal performance. Such a clear definition of 
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the ALARA program will enable each individual worker to more easily 
understand the significance of the program and the value of his 
participation. 

STATEMENT OF POL ICY 

A statement of the management policy and commitment to ALARA should 
be developed, issued, and available. This policy statement should 
ensure that all personnel clearly understand that implementation of the 
ALARA concept is the desire and goal of management, is the responsi
bility of all individuals within the facility (regardless of their 
specific delegated responsibilities), and that all personnel will be 
evaluated and held accountable for performance according to the ALARA 
program precepts. 

The policy statement should describe the intent of the program, the 
importance of its implementation and general responsibilities, the 
program goals and how specific milestones for their achievement are to 
be established, and the management system for program implementation, 
maintenance, and evaluation. 

MANAGEMENT SYSTEM 

The management system to implement and maintain the ALARA program 
should be defined. The management system definition should specify in 
detail those actions that will be taken to assure effective exposure 
usage. It should provide for adequate resources for the program 
including both personnel and equipment. The system should specify the 
documentation required for the program. It should also describe the 
communications network from management to the staff and the feedback 
system to management to promote full staff participation. 

While the health physics organization and responsibility 
assignments will normally include overseeing the ALARA program, 
responsibilities and organizational reporting chains specifically 
pertinent to the ALARA program should be defined. The system should 
assure that those responsible for coordinating the ALARA program are 
basically independent from operational pressures. The management system 
may provide for an independent committee, reporting directly to senior 
management, to review the activities of the program. Or it may provide 
this overview and coordination activity through a single individual such 
as t~e health physics manager or a specified ALARA coordinator. ~ 
other instances, this function may be included as part of the duties of 
a radiation protection committee. The functions of this committee or 
coordinator are to assure that the ALARA elements are included in all 
phases of operation concerning radiation exposure and radioactive 
materials, to evaluate the effectiveness of ALARA actions, and to 
provide recommendations for improvement. 
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Whatever the mechanism, the results of the reviews and 
recommendations of the responsible person or committee should be 
reported to the senior management with overal l responsibility for the 
operation, as well as to the staff. The management system should define 
the methods by which the effectiveness of the program is evaluated, the 
criteria for evaluation and the actions to be taken by management to 
assure active participation by the staff and achievement of ALARA goals. 

Any organizational structure may be made effective in implementing 
the health physics and ALARA program with active management support and 
attention. However, care must be exercised to assure that structure•s 
independence from the pressures of production or other requirements. 

Those responsible for coordinating the ALARA program must have a 
direct line of communication to senior level management. A direct 
reporting link to senior management is general ly most effective, but 
other organizational structures may be used if direct communication is 
assured. For example, an ALARA coordinator may have functions and 
responsibilities in areas other than ALARA that would require his 
assignment organizationally to another level of management. In these 
cases a direct line of communication (dotted line structure) should be 
provided to senior management to assure open t ransfer of information 
without bypassing traditional organizational lines. 

It must be made clear to all that, even though one individual or 
group is responsible for coordinating the efforts, each individual is 
responsible for understanding and carrying out the ALARA program. It is 
especially important that first-line supervision of all radiation 
exposure user components recognize their responsibility and understand 
and practice the ALARA concepts. 

ORGANIZATION RESPONSIBILITY AND APPROVAL PROCESS 

Those assigned responsibility for coordinating the ALARA program 
must establish close cooperation with radiation exposure user components 
and components whose duties affect the management, design, training, 
operation, and maintenance of the facility. m addition, a formal 
approval process should be established to assure that ALARA elements are 
considered and included, if appropriate, in: 

• design and modification of the facility and/or processes 

• training programs for personnel 

• operation, maintenance, and health physics procedures 

• resource allocation. 
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The ALARA organization should be given the authority to review, 
recomnend, and approve, as meeting ALARA requirements, the following: 

1. initial designs developed for the facility and/or processes and for 
modification to them 

2. operating procedures that involve or affect radiation exposure 

3. maintenance procedures for work in radiation or contamination areas 
and with radiation-generating equipment 

4. health physics procedures 

5. training programs 

6. special or unique work activities or work plans. 

Each of these areas is especially important to effective 
implementation of exposure reduction actions. While exposure reduction 
to ALARA is each individual's responsibility, the ALARA organization 
must review these activities to assure that exposure reduction has been 
specifically considered and appropriate techniques implemented. 

TRAINING 

Effective and successful implementation of an ALARA program 
requires knowledge and understanding of the ALARA concept. Thus, 
training of personnel in ALARA and radiation protection principles is 
probably the single most important element in an ALARA program. 

All personnel whose duties require 1) working with radioactive 
material, 2) entering radiation areas, 3) directing the activities of 
others who work with radioactive materials or enter radiation zones, and 
4) operating, maintaining, designing, and modifying facilities and 
equipment using radioactive materials or producing radiation, should be 
familiar with the ALARA policy and program and be trained in radiation 
protection and ALARA practices. 

The training provided should be appropriate to the function and/or 
responsibility of the recipient. Training should be provided for the 
following groups: 

• administrative staff 

• general employees 

• visitors and temporary staff 

• management 

• operation and maintenance staff 
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• design engineering 

• health physics staff. 

The training necessary for personnel may vary widely but all staff 
should be knowledgeable of the emergency signals and appropriate response 
actions. 

General employees who may enter a radiation area should be provided 
specific training in ALARA in addition to any other necessary topics such 
as industrial safety and radiation protection. The ALARA-specific training 
should include: 

• statement of ALARA policy 

• explanation of the ALARA concept 

• instruction on individual responsibility for maintaining radiation 
exposure ALARA 

• emphasis of management commitment and participation 

• description of management system for ALARA implementation, goal 
development and measurement, and actions to assure ALARA 
implementation. 

Visitors to a facility, if they will be entering radiation areas , 
should receive the same training as necessary for general employees 
unless they will be continuously escorted by trained personnel. The 
training necessary for temporary staff will depend upon the functions 
they will be performing in the licensee•s operation. As a minimum, 
temporary staff who will be entering radiation areas unescorted should 
have the same training as necessary for general employees . In addition, 
temporary staff members assigned to specific functions, such as design 
engineering or health physics, should receive training in ALARA as 
recommended for licensee staff in those functions . 

All management staff , because of their influence in the performance 
of a facility•s operation, are especially important to the effect ive 
implementation and maintenance of an ALARA program . Because of this 
importance , specialized training should be given to provide understanding 
of ALARA concepts and their significance to facility operation . 
Recommended topics are: 

• general nontechnical review of radiation hazards and radiat i on 
protection policies 

• importance and overall justification of the ALARA program 
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• specific requirements to ensure ALARA policies are being 
implemented at all employee levels 

• necessity of relying on the technical services and advice of the 
radiation protection staff 

• effects of each organizational component's activities on the 
overall achievement of ALARA program goals 

• responsibility for providing all workers with awareness of specific 
safe job practices and ALARA applications 

• procedures for evaluating ALARA performance. 

The operation and maintenance staff generally receive most of the 
radiation exposure used in a facility. Consequently, they have frequent 
opportunity to recognize first-hand ways to reduce radiation exposure. 
Training programs for operation and maintenance personnel should 
ir.clude: 

• the basic ALARA concept and its purpose 

• importance and justification of the program 

• upper management's commitment to ALARA and level of participation 

• necessity of relying on the technical services and advice of the 
radiation protection staff 

• specific requirements to ensure ALARA policy implementation 

• responsibilities of managers, supervisors and individuals for ALARA 
program implementation 

• examples of ALARA techniques such as planning and briefings, pre
work dry-runs, use of mockups, and decontamination. 

Personnel involved in the design of facilities and processes should 
be trained in radiological design. General engineering or similar 
education may not be adequate to assure recognition of radiological 
concerns . In addition, design personnel should be trained in ALARA 
principles. This training should include: 

• the basic ALARA concept and its purpose 

• importance and overall justification of the ALARA program 

• upper management's commitment to ALARA 

• specific techniques for the optimization process 
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• techniques and practices in designing for minimum radiation 
exposure 

• radiation exposure considerations in selection and placement of 
equipment (reliability, maintenance, access) 

o radiation exposure considerations in building layout, radiation 
zone control, ventilation control, and operation and maintenance. 

A strong health physics organization is fundamental to radiation 
protection and effective exposure optimization. Assisting in 
accomplishing radiation work with minimum exposure and maintaining 
personnel exposure as low as practicable has long been part of health 
physics. However, additional ALARA t raining should be provided to 
emphasize its importance. The degree of training provided will vary 
with radiation protection staff member s' level of experience, education, 
and assigned work functions. The training should include: 

• importance and justification of the ALARA program 

• the degree of management commitment and participation in ALARA 
implementation 

• ALARA design and optimization techniques 

• responsibilities for recognizing and practicing radiation exposure 
optimization techniques 

• the management system for ALARA program implementation, goal 
development and measurement, and performance evaluation 

• general exposure reduction techniques and site-specific practices. 

FACILITY, PROCESS, AND EQUIPMENT DESIGN 

The design of facilities, processes, and equipment necessary for 
the performance of work with radioactive materials or with radiation
generating machines provides one of the first opportunities for ensuring 
radiation exposures as low as reasonably achievable. The design process 
requires close coordination among many disciplines to accomplish the 
major objective of providing a usable facility, process or piece of 
equipment and to incorporate radiation protection and ALARA objectives 
as well. The process requires the input of administrative personnel to 
establish the need and resources available, operations personnel to 
define operational needs, architect-engineers, ventilation design and 
many other engineering disciplines and, when radioactive materials or 
radiation-generating equipment is involved, health physicists to assure 
that radiation protection requirements are met and ALARA concepts are 
incorporated. 
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The design will be determined not only by the functional 
considerations of the facility, process, or equipment, but also by 
radiological factors. These factors include the type and quantity of 
radioactive material; the type, size and purpose of radiation-generating 
equipment; and the magnitude of the potential for internal and external 
radiation exposures to workers and to the public. 

In it i a l De s i g n 

Because of the broad spectrum of personnel involved, it is 
particularly important at the initial design phase that all involved 
understand the ALARA concept and management's commitment to it. Even 
though some disciplines may not be direct employees of the user 
organization, the user organization is responsible for assuring that 
exposure reduction criteria are included in the design. This may 
necessitate requiring ALARA reviews as part of the contract, or 
performing an ALARA design review and approval by user organization 
health physics and engineering staff. 

The design of facilities, processes, and equipment provides an 
early opportunity to optimally reduce radiation exposure. Numerical 
guidelines for radiation doses to the public are provided in Title 10 of 
the Code of Federal Regulations. Methods for calculating doses to the 
public from facility releases and estimating occupational radiation 
doses in the design stage for reactors are provided in Regulatory Guide 
8.19, "():cupational Radiation Dose Assessment in Light-Water Reactor 
Power Plants Design Stage Man-Rem Estimate," and in Regulatory Guide 
1.109, "Calculation of Annual Doses to Man from Routine Releases of 
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 
Part 50, Appendix I." While these are for reactors only, they may 
provide guidance for other facilities. 

The general design criterion for occupational radiation exposure is 
to design such that personnel exposures will be as low as reasonably 
achievable. Dose goals should be established and detailed attention 
given to each potentially significant dose-causing activity. 
Quantitative assessment should be performed to ensure that cost
effective techniques of dose reduction are considered and that none is 
overlooked. The quantitative method for deciding what is reasonably 
achievable in dose reduction ordinarily uses a cost-benefit analysis 
process. A basic assumption of a linear, nonthreshold dose-response 
relationship for stochastic radiation effects such as cancer and 
hereditary harm leads to the conclusion that any quantity of radiation 
exposure, no matter how small, carries with it some expectation of harm 
or detriment. 

The evaluation of this reduction of expectation of harm due to the 
reduction in collective radiation dose from a specific design feature 
versus the cost, both in construction and operation, of incorporating 
the feature provides the basis for the optimization process. This 
process is discussed in depth under Optimization. 
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Des i gn Modification 

Modification of facilities, processes, and equipment also provides 
an opportunity to incorporate ALARA concepts by engineering . Changes to 
facil i ties, processes, and equipment present both advantages and 
disadvantages for ALARA. On the positive side , facility - specific 
historical data on exposure levels and use , reliability, and maintenance 
requirements of equipment should be available for evaluation. Each of 
these factors may be used to determine the changes most effective in 
achieving ALARA. However, in modification of existing facilities, 
processes , and equipment, certain limitations are frequently 
encountered . The available space , basic layout and structural features 
may already be established . The primary processes may be determined and 
various procedures and flow paths may not be readily changed . The 
equipment specifications, spacing and type may be set and changes to 
reduce exposure potential not possible . Although these 1 imitations may 
exist, design changes should be reviewed to consider and incorporate, 
where possible, exposure-saving features. Depending on the extent of 
the modifications, the ALARA review may involve quantitative 
optimization calculations and in-depth evaluation of options 
available . In other cases, the revie~ may lead to an intuitive decision 
based on professional judgment of the management and health physics 
staff . However accomplished , consideration of means to effectively 
reduce radiation exposure should be included in modifications to 
facilities, processes, and equipment . 

The management system should ass ure that ALARA concepts are 
factorerl into design and modifications . Those operations in which 
radiation exposures are high, individually or collectively, or that have 
high hazard potential may require a formal ALARA review system with 
checklists, specific procedures and authorizing signatures . In other 
operations with minimal hazard potential, a simple narrative report of 
the factors considered, actions taken and rationales for the decisions 
made may be adequate. Documentation of these reviews , simple or in
depth, is advisable to provide histor 1cal records for management audit 
and for reference to verify that decisions made have been implemented 
and were effective . 

PROCEDURE DEVELOPMENT 

Written procedures are necessary tools to ensure that specific 
guidance is provided for tasks that: 

1. must be done in a precise way 

2. must be done in the same way repetitively 

3. are complex and involved in detail 

4. require specific or unique instructions 
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5. must be especially controlled. 

Procedures developed for activities involving work with radioactive 
materials or in radiation areas usually fall into one or more of these 
categories. Procedures and the procedure development process should be 
used to ensure that ALARA considerations are included in work 
activities. 

Routine Operations 

The procedures issued for routine operational activities should be 
reviewed for potential exposure reduction opportunities. Procedures 
should be reviewed and approved by those responsible for coordinating 
the ALARA program prior to issue, when significant modifications occur, 
and periodically during use. Procedures should be reviewed for: 

1. validity of the procedure for the work 

2. clarity of the procedure in describing what to do and how to do it 

3. the impact of each step on radiation exposure, both internal and 
external 

4. radiological considerations 

a. shielding 

b. remote operation 

c. distance 

d. specialized tools 

e. protective equipment 

f. manpower requirements 

g. airborne radioactivity potential 

h. exposure rates 

i. exposure times 

j. alternatives or contingencies 

5. the impact of performing the procedure on other activities and/or 
locations. 

The basic purpose of analyzing the procedures is to identify the 
actions that affect the radiation exposure of personnel and to assess 
those actions to ensure that exposures have been reduced to ALARA. A 
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care must be taken to prevent the review from becoming a mechanical 
process rather than a considered assessment. 

Nonroutine Operations 

Nonroutine or special procedures may require particularly careful 
review. The ALARA program should establish criteria specifying when 
procedure reviews are required and the review and approval process . A 
graduated system requiring increasingly rigorous reviews and higher 
levels of authorization based upon hazard potential may be warranted. 
Hazard potential may be categorized using radiological parameters such 
as estimated cumulative dose to be received, dose rates anticipated, 
quantity of radioactive material, or airborne radioactivity expected. 
Activities for which nonroutine or special procedures are needed may be 
a one-time or infrequently performed activity, a high-hazard potential 
activity or an especially complex activity. In each case an in-depth 
ALARA review should be conducted to assess the step-by-step actions to 
ensure that exposure reduction techniques have been considered. Because 
conduct of nonroutine activities may not be familiar to personnel, 
additional requirements may need to be included in procedures for pre
work briefing, training, dry-run practice, and additional radiological 
controls. The procedure development process should ensure that special 
procedures receive an in-depth review and that the results of the review 
are documented for use in planning activities and ALARA program 
eva l ua t ion. 

In addition to operational procedures, a system of special or 
radiation work procedures or permits (SWP or RWP} should be used to 
provide radiological information and controls for work in radiation 
areas or with radioactive materials. Typical RWPs or SWPs contain 
information on radiation and contamination levels expected, protective 
equipment needed, dosimetry required, radiological surveillance needed, 
and special precautions to be followed. These procedures may be used to 
record information of interest in 1) the identification and analysis of 
activities in which radiation exposure is received, 2) trend analysis, 
and 3} evaluation of the effectiveness of ALARA techniques. This 
information should include: 

• designation of services to be performed on specific components, 
equipment, or systems 

• number and identification of personnel working on the task 

• measured or anticipated radiation levels, airborne radioactive 
material concentrations, and contamination levels 

• monitoring requirements such as continuous air monitoring or 
sampling 
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• estimated exposure time required to complete the tasks and the 
estimated doses anticipated 

• special instructions and equipment to minimize the exposure of 
personnel to radiation and contamination 

• protective clothing and equipment requirements 

• authorization to perform the tasks 

• exposure time, doses, and other information obtained during the 
operation . 

Radiation Protection 

Procedures should be developed to provide guidance for activities 
specifically associated with radiation protection and ALARA . These 
procedures should be carefully evaluated to ensure that appropriate 
radiation exposure control techniques are included . 

Procedures for control of radiation protection activities may be 
overlooked in exposure reduction efforts because of the functional 
expertise of the personnel to whom they are directed. However, 
radiation exposures of the radiation protection personnel may constitute 
a significant portion of the total exposure received from an activity 
and may provide opportunities for exposure reduction to ALARA. All 
procedures, the performance of which may involve receiving radiation 
exposure, should be evaluated for ALARA. Radiation protection 
activities that should be evaluated include, but are not limited to : 

1. routine surveys to determine radiation , contamination, and airborne 
radioactivity status 

2. surveys in high dose rate areas 

3. any activity for which continuous radiological surveillance is 
required 

4. calibration of radiation protection instruments 

5. personnel decontamination 

6. sample collection and evaluation . 

In some operations that use an SWP - RWP system for procedural 
control of work in radiation areas, the SWP or RWP fo r the radiation 
protection activities may be a general permit author izing entry with 
few, if any, guidelines provided. The specific activity authorized by 
the SWP or RWP should be identified, an ALARA review perfo rmed , and 
guidance provided in the procedure, if warranted , to ensu re maintaining 
radiation exposures ALARA. Personnel exposure to perform surveys of 
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radiation areas may be minimized by using area radiation monitor 
readings and data from remote readouts of continuous air monitors. 

Activities conducted by the radiation protection staff may have 
particular significance in maintaining radiation exposu res to all 
personnel ALARA. For example, the timely and accurate posting of 
radiation, contamination, and airborne radioactivity areas and the 
evaluation , selection , and recommendations made for use of protecti ve 
equipment may minimize inadvertent external and internal exposures . 

Procedures should provide guidance to radiation protection 
personnel on potential situations and techniques for maintaining 
radiation exposures to personnel ALARA. Radiation protection and ALARA 
procedures should be reviewed and approved by those responsible for 
radiation protection and for coordinating the ALARA program, as well as 
by a qualified reviewer independent of the rad1ation protection and 
ALARA organization . 

PLANNING PRIOR TO PERFORMING WORK 

The effective use of planning before the j ob will provide one of 
the best opportunities to reduce personnel exposure . Prior planning 
allows time for determining the task to be accomplished, how it is best 
done, the resources necessary (including equipment, manpower and 
radiation exposure}, the impact on surrounding activities and the impact 
of surrounding activities on the planned task . In addition , prior 
planning allows assessment of the training and skills necessary to do 
the work and, perhaps, the opportunity to use mockups to fam i liari ze 
workers with the operation and practice sessions to sharpen skills , 
improve techniques and identify weaknesses in orocedures. 

Each of these facets of the review can reduce the time required to 
do a task , increase the efficiency of the work force and assure that 
unplanned delays or disturbances will be minimized . These effects , in 
turn, will ensure that any radiation exposure incurred is necessary to 
accomplish the work. This is ALARA. 

Planning of work activities is particularly important in operations 
with high hazard potential, high radiation dose rates or potent i al 
airborne radionuclide concentrations, unusual or un i que tasks , special 
maintenance tasks, recovery from accidents, or tasks with high 
cumulative exposure use. A system to assure planning fo r act i vi ties 
such as these should be included in the management system for ALARA 
implementation. 

Depending on the potential hazard, formal planning procedures may 
need to be implemented . This may require developing a pre-wor k plan. A 
1 ist of specific items to be reviewed in the pre-work plann i ng can be 
used to assure that techniques to reduce personnel exposure are 
included . 
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The pre-work plan should be reviewed by qualified people and 
approved by management before starting the work . If personnel having 
the necessary qualifications to perform adequate health physics reviews 
are not available within the licensee's operation, it may be necessary 
to arrange for these reviews, or qualified personnel to perform them, 
from outside sources. 

The planning and review process shoul d be documented and records 
maintained for review by those responsible for coordinating the ALARA 
program and by management. In addition, documentation may be beneficial 
for tracking the program and as a basis for improving the planning 
process. 

OPT IM IZAT ION 

The reduction of radiation exposure to ALARA is a philosophical 
concept; its actual implementation depends on the individual 
interpretation of "reasonably achievable" . Although the concept is not 
new, its application in licensee operations has been a subjective, 
intuitive process varying in effect depending upon the interests of 
management and the strength of the radiation protection organization . 
The cost of achieving a level of protection is a factor in all 
operations . However, the cost of maintaining radiation exposures at or 
below the regulatory limits is not only good practice and legal 
protection, but a legal obligation. The magnitude of the resource 
commitment required to meet the limits is irrelevant if activities are 
to continue . The reduction of radiation exposure to as far below the 
1 imits as reasonably achievable is the domain of ALARA. 

The ICRP (1977) reemphasized the application of the ALARA concept 
and introduced an optimization process to assist in accomplishing the 
ALARA principle. The purpose of the process is to determine whether or 
not an activity "is being performed at a sufficiently low level of 
collective dose equivalent so that any further reduction in dose would 
not justify the incremental cost required to accomplish it." The 
quantitative methodology used in making this determination is an ideal 
approach and licensees should be encouraged to apply it. 

To use optimization quantitatively first requires establishing a 
common basis for comparing the cost of reducing radiation exposure to 
the benefit of having done so . Once this comparative baseline is 
established, calculations can be performed to determine if the benefit 
gained (exposure reduction) is equal to or greater than the cost of 
implementing the dose reduction practice, or, as shown mathematically, 

Benefit ~ Cost 

Thus, if the benefit equals or exceeds the cost, then the practice being 
evaluated should be implemented. 
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The NRC has specified a numerical value of $1,000 per total body 
person-rem and $1,000 per person-thyroid-rem to be used in cost-benefit 
analyses for exposure reduction to the public (10 CFR 50, Appendix I). 
Other values ranging from $30 per person-rem to $60,000 per person-rem 
may be found in the literature (Kathren et al. 1980; NRPB 1982; 
Voilleque and Pavlick 1982). 

Numerical values of person-rem for occupational exposure have not 
been established . Factors in addition to those considered for person
rem values for public exposure must be assessed. This assessment should 
include level of radiation dose, individual choice, dose distribution, 
and other political and social concerns . 

Acceptable individual occupational doses may be higher by factors 
of hundreds or thousands than individual public doses . The 
acceptability of a higher risk to a limited group may be different than 
that of a much lower risk to a large population. The acceptability is 
further influenced by the recognition that a radiation worker 
voluntarily receives radiation exposure as part of his employment while 
public exposures, on an individual basis at least, are nonvoluntary . In 
addition, the dose distribution to the publ ic is basically random as to 
physical parameters, and, normally, individual dose assessment is not 
made. Conversely , occupational exposures are to workers who must meet 
defined criteria and are individually monitored and controlled for 
radiation dose received. Other political and social factors, such as 
national needs, alternatives, and public perception, also affect 
determination of person-rem values for occupational exposure. 

Until a more definitive value is established, the same value is 
used for both occupational and public exposure reduction so that a 
quantitative evaluation can be made on a case-by-case basis of the cost
effectiveness of specific ALARA actions. In the day-to- day operations 
many actions taken to reduce radiation exposure may be evaluated by 
intuitive judgment . However, the use of quantitative optimization 
should be encouraged as a definitive tool for the decision making 
process . 

A simplistic approach to cost-effectiveness analysis may use a 
formulation such as 

Benefit ~ Cost 

B + U ~ M + L + N + 0 + E + R 

where B = dose reduction in person-rem achievable if the practice is 
implemented multiplied by $1,000 

U =intangible benefits multiplied by an estimated value for each 
benefit. These intangible benefits could include: 
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• improved public relations due to lower exposure use 

• increased fl exibi-Hty in use of personnel resources 

• other undefined benefits . 

M =dollar cost of materials required to implement the practice 

L = dollar cost of labor 

N = dollar cost of maintenance of the practice 

0 =dollar cost of operation 

E = radiation exposure in person- rem necessary to install and 
maintain the practice multiplied by $1,000 

R = intangible costs of the practice such as 

• restriction in access to or use of space 

• adverse effects on ancillary operations 

• other undefined costs. 

The ALARA concept is depicted in Figure 1. The straight line (A) 
in Figure 1 illustrates the assumption that radiation exposure , no 
matter how small, carries with it some risk of detrimental effects and 
that the risk is proportional to dose at all levels of dose (linear 
hypothesis) . The slope of Line A reflects the cost assigned to person
rem . 

1 
1-
C/) 

0 
u 

CUMULATIVE DOSE--• 

FIGURE 1. The ALARA concept 
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Line B represents dose reduction costs . The curve of the line 
illustrates that dose reduction costs are variable . Quite often the 
larger dose reductions are achieved at relatively low cost while each 
additional increment of dose reduction becomes more and more costly. 

Line Cis a summation of lines A and B. If realistic values are 
used for both the cost of radiation dose incurred and the cost of dose 
reduction, the minimum point of Line Cis the idealized ALARA point or 
the point at which the costs of achieving an additional unit of dose 
reduction are exactly balanced by the acceptable cost per unit dose 
incurred . 

It should be recognized that the idealized ALARA point on Line Cis 
fixed by the value given to the person- rem and the cost of implementing 
the dose reduction practice . The optimization process can be used to 
approximate that point for each dose reduction practice being con
sidered . However, the slope of Line A may change depending upon the 
group being exposed (public or occupational) and the level of exposure 
being considered. Consequently, the curve of Line C (and the idealized 
ALARA point) will change . Similarly , a change in the cost of imple
menting a dose reduction practice (Line B) will change the curve of Line 
C (and the idealized ALARA point) . This means that, even if the opti
mization process has been completed for a particular dose reduction 
practice (e .g., installation of a shield wall), if a less expensive 
method of providing the same dose reduction is found, the optimization 
process should be repeated for reevaluation. 

The curve of Line B, the cost of implementing a dose reduction 
practice, is the variable most infiuenced by the experience and judgment 
of the health physics and ALARA professionals . 

The following scenario demonstrates the use of the simplified cost
effectiveness formula and some of the variables that should be 
considered. 

Radioactive waste generated in a processing operation is stored 
along a wall of a process area until the accumulated quantity warrants a 
waste shipnent for disposal. Located on the other side of the storage 
wall is the change room used by personnel for entry and egress. The 
average dose rate in the change room due to the stored waste is 1 
millirem per hour . A 50- person work force uses the change room each day 
for a 1 shift/day , 5 days/week work schedule . Each wo rker occupies the 
change room for approximately 40 minutes per day (two entries and two 
exits at 10 minutes each) . Assuming a work schedule of fifty weeks per 
year , about 8,333 millirem of casual dose would be received by plant 
personnel passing through the change room. 
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In this scenario, efforts to reduce the cumulative dose to 
personnel from this source could save up to 8.3 person-rem per year if 
the average dose rate were lowered to background. The dose reduction 
could be 24.9 person-rem per year for a 3 shift/day schedule and 36.4 
person-rem per year for a 3 shift/7 day schedule. m addition, if 
individual doses are near the regulatory limits or are restricting the 
work assignments of some workers, the dose reduction would permit 
productive use of the dose saved. This dose reduction could be 
equivalent to having two to eight additional radiation workers 
available. Intangible benefits may include improved public image to 
employees, senior management, and regulators by demonstrating the 
importance of exposure optimization. 

In the formula, these benefits would appear as: 

B + U ? M + L + N + 0 + E + R 

8.3 ($1,000) + u or 8.3 ($1,000) + $100,ooo( 1
) + u( 2

) 

M + L + N + 0 + E + R 
> $8,300 + U or $108,300 + U - M + L + N + 0 + E + R 

> 

where (1) is the estimated annual cost of a full-time employee x 2 (if 
exposures are limiting) 

(2) is the intangible benefit of improved public relations. 

Moving to the right side of the equation, the dose reduction 
practice to be evaluated must be selected. For this example, two 
options are: 1) move waste storage to another location and 2) install 
additional shielding between the waste and the change room. 

If an alternative waste storage location could be made available, 
the cost of preparation and maintenance of that location should be 
evaluated and the exposure and labor needed to transport the waste to it 
estimated. The transport cost could be a continuing expenditure because 
the waste is generated near the present storage area. In addition, the 
personnel exposure incurred due to increased background near the 
alternative area must be included. 

If it is assumed that alternative locations are not feasible and 
that individual doses are not limiting, the calculations show that a net 
benefit would be realized if the exposure could be reduced to background 
levels at a cost of $8300 or less per year of change room use. 

Installation of a filled concrete block wall could reduce the dose 
by a factor of 10 (or greater) and cost about $10,000. It is assumed 
that installation would require 1.0 person-rem of radiation dose due to 
the higher dose rates in the waste storage area. The dose to personnel 
to install the wall could be substantially reduced if wall construction 
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were scheduled immediately after a waste disposal shipment when sto red 
waste volume was minimal . Using the above assumption, the equation 
would appear as: 

$8300 + U = M ($2000) + l ($8000) + N (0) + 0 (0) + E (1 x $1000) + R ($120Q)(l) 

$8300/yr + U = $11,000 + $1200/yr 

where (1) $1200/yr is the estimated value of the storage space (200 ft 3 x 
$6/ft3Jyr) lost to the new wall . 

Thus, if the operation is to be continued for 20 months or more on a 
1 shift/day, 5 day/wk schedule, the shield wall should be installed . 
Expanding the work schedule would make the shield installation even more cost
effective . 

This example is a basic cost-effectiveness analysis and may be used to 
determine which method of controlling exposure should be considered first. 
When the selection of a dose reduction practice is made, the process of 
optimization may be performed. Optimization (differential cost-benefit 
analysis) is intended to maximize the net benefit from the practice being 
considered; i.e . , determining the point of optimal benefit for the cost 
expended to achieve it . The optimization condition is fullfilled at a value, 
S, collective dose equivalent , such that the increase in the cost of 
protection per unit dose equivalent balances the reduction of detr iment per 
unit dose equivalent; i .e., 

dX dY 
dS 

or 

dX dY 
dS+ds 0 

where X= cost of achieving a selected level of protection 

Y = cost of the detriment involved in the operation 

S =collective dose equivalent. 

The following example of the optimization process uses the same scenario 
as the cost-effectiveness analysis previously shown . In that example, it was 
demonstrated that installing a shield wall between the change room and the 
waste storage area was cost-effective. This example demonstrates how to 
determine the optimal thickness of the shield wall . 
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The cost of detriment (Y) as a function of the shield wall thickness (t) 
can be written as 

where a= cost assigned to a unit of radiation dose and should include 
all the intangible costs in the term "U" of the cost
effectiveness fo rmula = $1000/person - rem 

H = existing annual dose rate= 8. 76 rem/yr 
(8760 hr/year x 1 mrem/hr) 

f = occupancy factor of the change room = 0.0189 
(0.66 hr/8hr x 8 hr/24 hr x 5 days/7 days x 50 wk/52 wk) 

N = number in exposed group = 50 

T =life of the facility= 20 years (assumed) 

e-~t = exposure reduction factor 

~ = effective absorption coefficient = 14/meter 
(for concrete and 0. 7 MeV photons must include buildup factor) 

t = thickness of shielding in meters. 

The terms HfNT are simply a measure of the radiation exposure . The term 
e-~t shows the dependence of the dose on the thickness of the shielding . 

The cost of protection (X) as a function of the shield wall thickness (t) 
can be written as 

where 

X (t) = xhlt + whlt 

X = installed cos~ of a filled concrete block shielding 
wall = $400/m 

h = height of installed shielding = 3 m 

= length of installed shielding = 12 m 

w =value of stora~e space occ~pied by the installed shielding 
wall =$120ft or $3240/m over the 20-year life of 
the facility . 
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The exposure of 1 person- rem to install the shield wall is assumed to be 
independent of the wall thickness because the work would be performed on the 
source side of the wall and does not affect the optimization calculations. 

The differential equation expressing the optimization as a function of 
shield thickness then becomes 

d y ( t) 

dt 
+ 

dX(t) 
dt 

0 

Differentiating and solving for t gives 

r- -

-h.,..,..l -=-:( x-=-+_w ..... )1 - 1 n 
aHfNT\.1 t = __ ..__ _ _r:.__. 

\.1 

Substituting the appropriate values gives 

- ln •+~~~~~~~~~~~~~~--~~~~~~~-~~~~~~~ 

t = 

= 0.205 m 8.07 in. 

Thus, the optimal shielding thickness is 0.205 m or 8.07 in. The fact 
that standard concrete block dimensions are 8 in. x 8 in . x 16 in . was not 
relevant to 'the result, although formulation using incremental steps instead 
of a continuous function can be used. 

The solution to this optimization problem can be found graphically as 
well by calculating the values for cost of detriment (Y) , cost of protection 
(X), and total cost (Table 1) for a series of shield thicknesses and plotting 
them. Figure 2 shows the resulting curves for the example presented. 

Care must be exercised in using quantitative formulation to assure that 
the total exposure reduction, whether a one- time saving or years of repetitive 
savings, is considered and that realistic costing is used . Detailed 
formulation may be found in Regulatory Guide 1.110 , "Cost -Benefit Analysis for 
Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors", and in other 
published reports (NUREG/CR-0446 1979; Kathren et al. 1980; Fleishman and 
Clark 1982; IAEA 1979). 
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Table 1. Calculated values for 

Shield Cost of Cost of 
Thickness, Detriment, Protection, 

m 

0.05 
0.1 
0.205 
0. 3 
0.4 
0. 5 

72,000 

1- 54,000 
Ill 
0 
u 36,000 

$ s 
82,216 6,552 
40,827 13,104 
9,387 26,863 
2,482 39,312 

612 52,416 
150 6 5, 520 

COST OF PROTECTION 

optimization 

Total 
Cost, 

$ 

88,768 
53,931 
36,250 
41,794 
53,028 
65,870 

2 3 4 5 6 7 8 9 10 
CUMULATIVE DOSE (man-rem) 

0 .5 "'/0 .3 0 .205 0 .1 0 .05 
0 .4 SHIELD THICKNESS (meters) 

FIGURE 2. ALARA curve for optimization example 

example 

Cumulative 
Dose, 

person- rem 

9.38 
4.66 
1.07 
0.28 
0.07 
0.02 

The ICRP-suggested optimization process can be an extremely valuable tool 
for evaluating ALARA activities and should be used whenever possible. Some 
ALARA activities (e.g., pre-job briefings, plan reviews to assure availability 
of materials, equipment and resources, and individual worker task knowledge 
verifications) may be difficult to quantify . However, these activities may be 
significant long-term contributors to exposure reduction. Hence, the extra 
effort required for their quantification may be worthwhile. 

The quantitative information possible from using this optimization 
process will assist a licensee's continuous efforts to identify exposure 
reduction opportunities. This, in turn, will enhance a facility's ability to 
effectively implement and evaluate the performance of its ALARA program. 

PROGRAM EVALUATION 

The performance of the ALARA program should be periodically reviewed by 
those directly responsible for its implementation and by management. The 
program should be evaluated based upon the objectives stated by management, 
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its performance in meeting the goals established and the overall effectiveness 
in reducing exposure used in comparison with necessary work performed . The 
key to program evaluation is establishing specific goals, determining the 
program elements to be used to accomplish those goals, defining the methods of 
measurement, and frequently analyzing progress . Senior management commitment 
to the program and appropriate attention to progress is essential to 
successful implementation. 

Goal Establishment 

Goals should be established to effectively implement exposu re reduction 
act ivities as well as to provide the incent ive to implement ALARA and to use 
as a measure of achievement of ALARA. Each goal must be specific to the 
activity, clearly defined , measurable, realistic, fully understood, and agreed 
to by those responsible for both evaluation and achievement. 

In addition, care must be exercised in goal selection to ensure that the 
ultimate result is ALARA and not counter-productive . For example, some 
percentage reduction in radiation exposure for a licensee•s operation may be 
established as a goal . However, if it is achieved by delaying or canceling 
needed maintenance or by reducing necessary surveillance activities, it may 
not be ALARA at all . If not accomplishing the affected activities would 
increase the hazard or risk of operation or the probability of accident, the 
immediate saving of exposure may not be worth the increased risk . Likewise, 
reducing the mean individual dose equivalent for penetrating dose to the whole 
body is not ALARA if it is accomplished by increasing the size of the work 
force over which the exposure is averaged because of inefficiencies of extra 
workers . The aim of ALARA is to perform the necessary work with optimal 
exposure; goals to further that aim should be established . 

Realistic ALARA goals may be developed using comparisons among groups 
performing the same work, among separate operations of the same task, among 
facilities performing the same or similar activities, among different methods 
of performing work, or just doing a given task with less exposure than 
previously . For example, an analysis and comparison of operator exposure used 
in performing pipe weld radiography, if weighted for number of radiographs 
performed, may show a marked difference in techniques of workers performing 
the work and alert management to the need for review . An ALARA review may 
then indicate the actions needed to reduce the exposure used . The possible 
actions include procedure revision, operator training, addition of collimators 
or other corrective changes . 

It is essential for goal development, as well as for adequate work 
planning, exposure optimization, and trend analysis, that documentation of 
facility radiological conditions, work activity and personnel doses, results 
of dose reduction practices and optimization evaluations be completed, 
collected, and made available for review and use. 
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Nonexposure goals may also be appropriate as part of the ALARA effort. 
For example, training of personnel in radiation protection and ALARA by a 
specific date, or holding pre-work briefings fo r all nonroutine radiation 
work, may be ALARA goals. As goals are met, new goals may need to be 
established to ensure continued ALARA effort . However, it should be 
recognized that, for a given task, exposure may not continuall~ be reduced 
year after year . A low exposure may be reached for which furt er reductions 
are not justified . 

Measurement 

The specific parameters to be measured and the instrumentation and 
techniques used for measurement will depend upon the function of the licensee 
operation; the quantity, physical state, and kinds of radionuclides used; the 
size, type and purpose of radiation-generating equipment; and the levels of 
radiation exposure which workers and the public may receive . Specific 
requirements are identified by the various regulatory groups such as the NRC 
and the EPA in 10 CFR 50, 40 CFR 190, and 40 CFR 192. Guidance is provided in 
many publications issued by the ICRP (1968), NCRP {1978), and IAEA (1973 , 
1979), as well as in ANSI N 13 . 1-1969, ANSI N 343-1978, and ANSI N 323-1978. 
Identification and definition of necessary measurements and instrumentation 
and techniques to be used are beyond the scope of this document . However, it 
must be emphasized that the accurate, precise and reliable measurement of 
radiological conditions (radiation levels , pe~sonnel doses, airborne 
radioactivity concentrations, contamination levels, etc.) provides the 
foundation for controlling radiation and for verifying the achievement of the 
goals of radiation protection, compliance with regulatory requirements and 
reduction of radiation exposure to as low as reasonably achievable . The 
radio 1 ogic a 1 parameters being measured and the methods of measurement wi 11 
need to be periodically reviewed to be sure that the correct parameters are 
being measured and that the accuracy and sensitivity of the measurements are 
adequate for their intended purpose. 

Administrative Control Levels 

The basic objective of a radiation protection program is to reduce 
radiation exposures to workers and the public as low as reasonably achievable 
to reduce the level of risk . To assure that this basic objective is met, 
administrative controls should be established at levels substantially below 
the regulatory limits to alert management of conditions so that actions can be 
taken to provide additional surveillance and control . 

The administrative control levels (or reference levels) may be a tiered 
system using specified levels as alerting points for predetermined actions. 
One such system of authorized limits (ICRP 1977, pp. 28- 29) uses recording 
levels, invest i gation levels, and intervention levels that are established 
according to the following definitions: 

• Recording level - That level of dose equivalent or intake above which the 
result is of sufficient interest to be worth recording and keeping . 
Conversely , if the results are below this level, the results can be 
covered by a simple statement that they were below the defined recording 
1 eve 1 • 
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• Investigation level - That level of dose equivalent or intake above which 
the results are considered sufficiently important to justify further 
investigations . 

• Intervention level - That level of dose equivalent or intake considered 
sufficiently important that intervention and additional control are 
necessary to prevent exceeding established limits. 

Selection of numerical values for each level should be based on 
regulatory requirements and the level of control determined necessary by 
management . A commonly used and recommended investigation level is 10% of the 
allowable NRC dose . Radiation exposures meeting or exceeding this level would 
trigger an investigation by qualified personnel. Depending on the normal 
radiation exposure received performing the particular activity, the results of 
the investigation may be simple documentation that the investigation was made, 
methods of exposure reduction were considered and continued vigilance would be 
maintained. fu other instances, the investigation may result in revision of 
work practices and procedures, addition of shielding or removal of sources of 
exposure, retraining of personnel, and added surveillance of the activity to 
provide more strict control . In all instances , it is necessary that an 
investigation be made by personnel qualified to evaluate the radiation 
protection being provided, to assess the adequacy of ALARA practices being 
used and to recommend actions to reduce exposure usage . 

The use of quantitative techniques in selecting which exposure reduction 
action to take or in determining if additional reduction is warranted should 
be encouraged. 

Trend Analysis 

In addition to the administrative levels, trend analysis is an important 
ALARA tool. Trend analysis is especially useful for determining and 
anticipating the effects of actions that may, of themselves , appear to cause 
no noticeable change or cause changes that may be hidden within individual 
number fluctuation. Many radiological parameters recorded as part of a 
routine radiation protection program should be)followed and analyzed for 
trends. Some particularly useful parameters{a include: 

1. mean individual dose equivalent for penetrating dose to the whole body 

2. mean individual dose equivalent for nonpenetrating dose to the whole body 

3. mean dose equivalent by radiation type 

4. ratio of dose from different types of radiation 

5. mean individual extremity dose 

(a) Selected items on this list were taken from Kathren et al. {1980, 
pp . 10. 25 - 10.26). 
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6. spec i fie organ doses from external or internal sources 

7. statistical distribution of mean individual dose 

8. cumulative penetrating dose equivalent to the whole body(a) 

9. cumulative nonpenetrating dose equivalent to the whole body(a) 

1 o. mean individual dose equivalent by job classification(a) 

11. mean individual dose equivalent by 1 oc at i on ( a ) 

12. mean individual dose equivalent by task(a) 

13. cumlative whole-body or organ dose to the general public 

14. radiation area size 

15. contaminated area size 

16. contamination levels in an area 

17. airborne activity concentrations 

18. effluent release quantities and types 

19. frequency of investigations and severity of occurrences. 

Not all of these measures will be applicable at all facilities; in others, 
this list could be expanded to include additional items. However, several of 
the measures will be applicable to every activity and should be followed and 
analyzed for potential ALARA actions. 

AUDITING THE ALARA PROGRAM 

In addition to the analysis and evaluation of the ALARA program conducted 
by those responsible for its implementation, an independent assessment should 
be performed to evaluate the effectiveness of the program and to verify that, 
when warranted, necessary corrective action is taken. The extent of the 
assessment and the resources allotted to it will be dependent upon the level 
of radiation resulting from the licensee•s operation. However, an independent 
audit is essential for all operations. 

As a minimum, the ALARA program should be audited once per year and the 
results documented and transmitted to the licensee•s senior management. More 
frequent assessments may be desirable to inform management of program status 
or in operations where high exposure use or significant potential hazards may 
benefit from additional overview. 

(a) Can also be used as a rate; viz. cumulative dose equivalent per hour 
worked. 

29 



These program appraisals or audits should be conducted by qualified 
personnel who are independent of those responsible for implementing the 
program. In addition, the personnel assigned this function should be selected 
based on their technical knowledge of the operations being observed, and their 
technical competence and experience in radiation protection and ALARA. 

The specific qualifications of personnel performing this function may 
vary depending upon the level of hazard of the operation being assessed and 
upon the resources available for the assessment . As a minimum, the 
appraiser(s) should 1) have one year of experience associated with the 
operation being observed and be knowledgeable in the techniques being used; 
2) be qualified in radiation protection similar to that defined in ANSI/ANS 
3. 1-1978 (i.e ., the individual shall have a bachelor's degree or the 
equivalent in a science or engineering subject, including some formal training 
in radiation protection) and have at least five years of professional 
experience in applied radiation protection; and 3) be organizationally 
independent from those responsible for implementing the radiation protection 
and ALARA programs. 

The audit process should review the total ALARA program and assess its 
effectiveness in meeting the stated objectives. The assessment should include 
detailed reviews of individual and collective exposure and those actions taken 
to ensure exposure optimization . Each element of the program, from the 
management commitment through the internal audit program, should be examined 
to verify that it has been included in the ALARA program, to assure that it 
has been implemented , and to assess its effectiveness . 

Special attention should be given to the activities of the review 
committee and/or ALARA coordinator and to the reports resulting from exposures 
reaching or exceeding investigation levels . The corrective actions specified 
or recommended should be assessed for adequacy, timeliness, and effectiveness . 

In addition, the auditors should review the procedures and the procedure 
review and approval process to verify that ALARA considerations are 
incorporated and that the procedure process assures continual consideration . 
The performance of personnel in exposure-related activities should be assessed 
to verify that ALARA training has been provided and that a working 
understanding of the ALARA concept and techniques for implementation has been 
demonstrated . 

The program assessment report should describe program adequacy, 
implementation, and effectiveness, and should include recommendations for 
improvement. The report should be formalized in writing and presented to the 
licensee's senior management . It is essential to continued effectiveness of 
an ALARA program that the cycle of program definition, implementation, 
assessment, feedback and redefinition be repeated . The independent assessment 
provides an objective evaluation to management, who should then provide 
redefinition of the program objectives and goals as feedback to those 
responsible for program implementation . This redefinition should include 
corrective actions for weaknesses identified. This feedback will assure 
continual management attention and support for ALARA efforts. 
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