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FOREWORD

Reducing radiation exposures to levels that are "as |ow as practicable"
(ALAP) or "as low as reasonably achievabl e" (ALARA) has long been the goal of
the radiation protection programs of the US Departnent of Energy (DCE), its
predecessor agencies, and contractor organizations. The concept had its
roots in the Manhattan District where, as early as 1944, the Director of the
Health Division noted that the only safe practice for internal emtters was
to avoid intake. By 1946, the ALARA philosophy had been incorporated into
the radiation safety manual for the laboratory that would later become Oak
Ridge National Laboratory (ORNL), and ALARA was conceptual |y introduced and
published in 1954 into the recomendations of the National Committee on
Radi ation Protection, nowthe National Counci 1 on Radiation Protection and
Measurenments (NCRP) . In 1959, the first publication of the International
Conm ssion on Radiological Protection (1CRP) used the phrase "as |ow as
practicable.”

Since 1954, the basic policy of DOE and its predecessor organizations,
the Atomc Energy Commssion (AEC) and the Energy Research and Devel opment
Admini stration (ERDA) , has been to fol | ow applicable guidance fromthe
Federal Radiation Council (FRC) , NCRP, and ICRP. As early as 1960, the AEC
stated in its orders that "...hunan exposure to ionizing radiation shall be
kept as low as practicable." In 1975, requirements for keeping radiation
exposures as |ow as practicable were introduced in ERDA Manual Chapter 0524.
In 1981, these requirenments were included in the nost recent DCE Order
5480.1, Chapter X, and were continued in the 1988 draft revised DCE Order
5480.11.  These requirenments represent the formalization of a position |ong
held and practiced by DCE and its contractors and, as such, are not a new
phi  osophy or commtment. Although the phrase "as |ow as practicable" has,
in recent years, been supplemented by "as low as (is) reasonably achievable,"
the basic concept has not changed. Indeed, although some argue that subtle
differences exist between the two phrases as applied to radiation protection,
ALAP and ALARA are identical in intent and may be used interchangeably. In
addition, the term"optimzation" was defined by the ICRP to be identical
with ALAP and ALARA



In 1976, the DOE Division of Operational and Environmental Safety (OES)
supported a study to review the operations of DOE contractors with regard to
implementing ALAP philosophy and identifying useful practices and potential
areas of concern. In 1978, the Pacific Northwest Laboratory (PNL) produced
a summary report by Gilchrist, Selby, and Wedlick. This report, PNL-2663,
discussed the results and findings of surveys performed at 18 major DCE
installations. A second phase of this effort was to develop "A Guide to
Reducing Radiation Exposure to As Low As Reasonably Achievable (ALARA),"
DOE/EV/1830-T5 issued in April 1980. This guide "represents an initial
attempt to provide contractors and DCE staff with background in the philos-
ophy and techniques of ALAP (now ALARA) programs.”

The DOE Office of Nuclear Safety (ONS) has since determined that a
revision and update to the original guide is needed to reflect advances in
technology, changes in national and international guidance, and revisions of
federal regulations. This revised manual of good practices is a product of
that determination. The manual is directed to those contractor and DCE staff
who are responsible for conduct and overview of radiation protection and
ALARA programs at DCE facilities. The intent of the manual is to provide
sufficient guidance to ensure that, if followed, radiation exposures will be
maintained as low as reasonably achievable and that the basis for a formally
structured and auditable program will be established.

/Jwr@
E. J. Vallario, Acting RireCtor

Radiological Controls Division
Office of Nuclear Safety
U S. Department of Energy
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EXECUTI VE SUMVARY

A primary objective of the US Departnent of Energy (DOE) health
physics and radiation protection program has been to limt radiation
exposures to those levels that are as |ow as reasonably achievable (ALARA) .
As a result, the ALARA concept devel oped into a program and a set of opera-
tional principles to ensure that the objective was consistently net.
| npl ementation of these principles required that a guide be produced.

The original ALARA guide was issued by DOE in 1980 to pronote inproved
under standing of ALARA concepts within the DOE community and to assist those
responsible for operational ALARA activities in attaining their goals. Since
1980, additional guidance has been published by national and international
organi zations to provide further definition and clarification to ALARA con-
cepts. As basic ALARA experience increased, the value and role of the
original guide pronpted the DCE Office of Nuclear Safety (ONS) to support a
current revision.

The revised manual of good practices includes six sections: 10 Intro-
duction, 20 Admnistration, 3.0 Optimzation, 40 Setting and Eval uating
ALARA Goal s, 50 Radiological Design, and 6.0 Conduct of Qperations. The
manual is directed primarily to contractor and DOE staff who are responsible
for conduct and overview of radiation protection and ALARA prograns at DCE
facilities. The intent is to provide sufficient guidance such that the
manual , if followed, will ensure that radiation exposures are maintained as
| ow as reasonabl e achievable and will establish the basis for a formally
structured and audi table program

Section 10 of the manual, Introduction, provides a statement of the
purpose and scope of the document and a brief discussion of the philosophy of
ALARA, possible relationships between the ALARA and radiation protection
prograns, and a type of management oversight risk tree (MORT) that may be
used to develop audit programs and checklists for review of ALARA program
el ementss.



Section 2.0, Admnistration, discusses the essential systems and tools
avail abl e to management for inplementing and controlling an ALARA program
Thi s section enphasizes the value of strong management commitment and sup-
port, formal and informal comunications systems, effective education and
training programs in support of the program and routine internal and
external audits and appraisals of the inplenmentation and function of the
program To ensure accountability for conduct of the ALARA program manage-
ment shoul d del egate specific responsi bi Tities and provide fol I ow up

Section 3.0, Optimzation, has been added to the revised manual because
in recent years, the inportance of including optimzation techniques in an
ALARA program has greatly increased. It is now necessary for each operation
to develop its own specific values for evaluating activities and actions
against the ALARA criteria. Techniques and nethodol ogy for performng eval u-
ations are provided.

Section 4.0, Setting and Evaluating ALARA CGoals, provides guidance for
techniques in setting ALARA goals and methods for periodic evaluation of the
progress toward neeting them Goals should be established at the outset of
the program The goals can be either quantitative or qualitative, but nust
be wel | defined and neasurable, clearly understood, and achievable.

Section 5.0, Radiological Design, discusses the inportance of consider-
ing ALARA factors at all stages of the design process of a faci 1ity. Mny of
the engineered systems for reducing and controlling radiation exposures can
be best incorporated in a cost effective manner during this design phase

The last section, Section 6.0, is Conduct of Qperations. This section
addresses the application of ALARA principles to work performance in the
field, during both normal and energency operations. Elenments discussed in
the preceding sections are conbined and assist in achieving a coordinated
and effective operation with a mninum of radiation exposure for the work
acconpl i shed. Accurate radiol ogi cal measurements and routine radiol ogical
surveys combined with admnistrative controls are valuable and give continued
assurance that systems are operating as designed. A brief discussion of the
application of ALARA in emergency planning and response is included
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AC
ALAP
ALARA
ALl
ANSI
ARHI
CAM
aR
DAC
DOE
DOELAP
EPA
BHDA
RC
HEPA
1AEA
ICRP
1
1SO
MORT
NCRP
NRC
ONS

PWR
QA
QC
RPT
RWVP
SCBA
TED
TLD

ACRONYMS

Atomic Energy Commission

as low as practicable

as low as reasonably achievable

annual limit on intake

American National Standards Institute

airborne radioactivity hazard index

continuous air monitor

Code of Federal Regulations

derived air concentration

US. Department of Energy

DCE Laboratory Accreditation Program

US. Environmental Protection Agency

Energy, Research, and Development Administration
Federal Radiation Council

high-efficiency particulate air

International Atomic Energy Agency

International Commission on Radiological Protection
International Electrotechnical Commission
International Standardization Organization
management oversight risk tree

National Council on Radiation Protection and Measurements
US. Nuclear Regulatory Commission

Office of Nuclear Safety

Oak Ridge National Laboratory

Pacific Northwest Laboratory

pressurized water reactor

quality assurance

quality control

radiation protection technologist (radiation monitor)
radiation work permit or procedure
self-contained breathing apparatus

track-etch dosimeter

thermoluminescent dosimeter



DEFI NI TI ONS

ai rborne radioactivity hazard index (ARH) = the product of the airborne
radi oactive material concentration in a room the volume of the room
and the relative radiotoxicity of the material.

annual limt on intake (ALI) is the activity of radionuclide which, if taken
alone, would irradiate a person, represented by Reference Man(a) to the
limting value for control of the workplace.

derived air concentration is the concentration in air obtained by dividing
ALl for any given radionuclide by the volume of air breathed by an
average worker during a working year (2.4 x 103 m3). Numerical quan-
tities are given in DOE 5480.11.(b)

dose equivalent (HT) is the product of absorbed dose (D) in rad (gray) in
tissue, a quality factor (Q , and other modifying factors (N . Dose
equivalent (HT) is expressed in terms of rem(sievert) .

effective dose equivalent (HE) includes the dose equivalent from both
external and internal irradiation and is defined by IywrHT, where HT is
the dose equivalent in tissue and Wy is the weighting factor represent-
ing the ratio of risk arising fromirradiation of tissue T to the total
risk when the whole body is irradiated uniformy. Effective dose
equivalent is expressed in units of rem(sievert).

shall - is used when referring to any criteria that are requirements as
defined in DCE orders or other documentation such as ANSlI standards
which are referenced in DOE orders.

should - is used when referring to any criteria that are good practices but
not specific requirements per DOE orders.

(a) International Conmi sssion on Radiological Protection (1CRP) . 1975.
Report of Task G oup on Reference Man. | CRP Publication 23, Perganon
Press, New York, New York.

(b) U S Department of Energy (DCE) . 1988. Radiation Protection for

Cccupational Wrkers. DOE 5480.11, U S TDepartnent of Energy,
Washington, DC




radiation work permt or procedure - a formthat describes the radiation
protection requirements for performng work in a radiation area.

radiological controlled area - an area normally free of radioactive material
but one that could potentially becone contam nat ed.

radi ol ogi cal uncontrol led area - areas where no radi oactive materials are

permtted and radiological control s normal |y are not necessary (e.g.,
of fices, Tunchroons) .

radiotoxicity - the relative hazard of internally deposited radionucl ides.

wei ghting factor (Wr) is used in the calculation of annual and committed
effective dose equivalent to equate the risk arising fromthe irradia-
tiontotissue Ttothetotal risk when the whole body is uniformy
irradiated. The weighting factors are:

Qrgan or Tissue Vi ghti ng Fact or
Gonads 0.25
Breasts 0.15
Red Bone Marrow 0.12
Lungs 0.12
Thyroi d 0.03
Bone Surfaces 0.03
Remainder(a) 0.30

(@  "Remainder" neans the five other
organs wWth the highest dose, i.e.,
liver, kidney, spleen, thynus,
adrenal s, pancreas, stonach, snall
intestine but excluding skin, |ens
of the eye, and extremties. The
wei ghting factor for each such organ
is 0.06. _ o
Taken from International Conm ssion
on Radiol ogical Protection(ICRP) .
1987. Data for Use in Protection
Agai nst External Radiation. TCRP
Publ'ication 51, Perganmon Press,

New York, New York.
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10 I NTRCDUCTI ON

Limting radiation exposures to the |owest |evels commensurate with
econom ¢s and the work to be acconplished has long been an inportant part of
the health physics and radiation protection programs of the US Department
of Energy (DCE) , its predecessors, and its contractors. As a result,

i ndividual and col lective radiation doses have decl ined steadily for about
two decades, and contractors have generally kept radiation doses well below
the regulatory limts. However, evaluating whether risks are associated with
| ow level s of radiation dose, accepting the linear nonthreshold dose-effect
curve, and pronul gating revisions and refinements in recomendations and
regul ations, national Iy and international Iy, have focused increased attention
on avoi ding unnecessary doses and on reducing all radiation doses to, and
keeping themat, levels that are as |ow as reasonably achievable (ALARA) .

11  PURPGSE

The purpose of this docunent is to provide assistance to those who are
responsi bl e for developing, inplementing, and/or eval uating ALARA prograns.
Because each DCE facility has needs, specific and critical to its individua
radiation protection program no single set of specific and detailed cri-
teria can be decreed as a prescription for achieving ALARA goals. However,
gui dance such as defining elements of an ALARA program and identifying
techniques for inplementation can be coupled with site-specific criteria
to assist in developing a formally structured ALARA program

A primary objective of this manual is to provide definitive guidance to
the operational health physics and ALARA staffs in the field and to pronote
consi stent application of ALARA principles within the DOE community.

12 SCOPE

The scope of this manual is limted to applications wthin the DOE
conmunity. Basic guidance devel oped by national and international organiza-
tions is equally appropriate for all activities. However, specific appl i-
cation of that guidance may vary because of needs and pol icies of the

1.1



i npl enenting organization. Because of the wide diversity of DOE operations,
processes, and facilities, consistent guidance in ALARA program application
can benefit all, in spite of the fact that all the individual practices and
techniques described in this manual may not be applicable in every DOE opera-
tion, process, or facility.

Activities and controls inposed within a facility may significantly
inpact the potential for and magnitude of radioactivity released to the
environnent and woul d certainly be a part of an effective health physics
program  However, this manual will not address applying ALARA principles to
potential radiation doses to the environment. A separate environmental ALARA
docunent is being prepared by the DOE Office of Environmental Guidance and
Conpliance. That manual should be consulted for guidance in inplenenting an
environmental ALARA program

13  PH LOSOPHY

The basic ALARA philosophy sinply stated in a single phrase is "limting
personnel and environnmental radiation exposures to the [owest |evels comen-
surate with sound economc and social considerations." This basic statement
presupposes that no radiation exposure should occur without a positive net
benefit, considering technological, economc, and societal factors. Implicit
in the ALARA philosophy is the cautious assunption that any radiation
exposure, however small, carries with it some detriment or probabi 1ity of
detriment (i.e., risk), which should be balanced by an offsetting benefit.
Indeed, this is the heart of the ALARA philosophy, and it inplies that one
shoul'd not stop looking for ways to incur |ess dose for a given output of
work, as long as the cost of the consideration does not exceed the possible
equi val ent cost of the potential dose saving.

Thi s philosophy is based on the linear nonthreshold hypothesis, which
Is based on the assunption that detriment fromradiation is directly propor-
tional to the dose incurred and that no threshold or dose exists bel ow which
there is no detrinent. Athough there is considerable controversy about the
uncertainty of detriment, if any, fromlow levels of radiation dose and about
whi ch dose-response curve or conmbination of curves is correct, at this time

1.2



the linear nonthreshold hypothesis appears to best satisfy the need for a
practical yet conservative approach to the controversy.

A cardinal principle of on-the-job safety is that safety is everyone's
responsibility. This principle applies also to ALARA. Day-to-day opera-
tional ALARA responsibilities are borne by all; others have additional and
special responsibilities. Management is responsible for establishing and
fostering the ALARA climate; ALARA coordinators and radiation protection
staff provide the technical support and assistance necessary to achieve ALARA
goals; and line management adopts technical, administrative, and supervisory
methods applicable to the operations under their control. Each individual
worker then implements ALARA principles and procedures. In addition, as in

other safety-related programs, the individual worker will often make a sig-
nificant contribution.

14 THE RELATIONSHIP CF ALARA AND HEALTH PHYSICS PROGRAMS

The relationships of ALARA and health physics may become a source of
guestion and confusion in establishing a formal ALARA program. The relation-
ship between the two elements can range from two separate and independent
programs to a program in which the identity of either element is lost. See
Figures 1.1 through 1.4.

Physics
FIGURE 1.1. Independent Health Physics and ALARA Programs: (a) Equal Sizes,
(b) Larger Health Physics Program, (c) Larger ALARA Program




(a) (b) (c)

FIGURE 1.2. Health Physics and ALARA Programs with Common Elements
and Individual Elements

The

achieved.

ure 1.1.
ment may

FIGURE 1.3. ALARA as a Part of a Health Physics
Program (a) and the Converse (b)

FIGURE 1.4. Identical Health Physics and ALARA Programs

relationship in Figure 1.3 is important to ensure that ALARA is

Consider, for example, the extreme cases illustrated in Fig-
Two separate programs with separate staffs, budgets, and manage-

result in an increased cost for the overall radiation protection

program, which, in turn, may increase the overall cost of the operation and

the cost per unit dose reduction or the cost for maintaining a given level of
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exposure. Thus, higher doses than might be deemed reasonable under one of
the other options might result.

At the other extreme, a fully integrated radiation program, such as that
illustrated in Figure 1.4, also has certain pragmatic limitations. Although
it is possible to both achieve and maintain ALARA objectives effectively and
efficiently if the ALARA and health physics programs are completely inte-
grated, the relationship may be deficient because the ALARA efforts may be so
diffuse that it is virtually impossible to monitor their effectiveness.
Moreover, the ALARA program has no identity of its own, which may make it
difficult for organizations outside the radiation protection organization to
see their individual responsibilities for ALARA

Any relationship may be used and may be made successful with the strong
support of management and staff. However, both an effective health physics
program and an aggressive, visible ALARA effort are necessary.

1.5 ALARA DECISION TREE

A useful tool in the development and evaluation of an ALARA program is
an analytic tree analysis. An analytic tree is a graphic display of
information to aid the user in conducting a deductive analysis of a system
(Buys 1977). The use of analytic trees should be familiar to DOE and DOE
contractors through the application and use of management oversight and risk
tree (MORT) analyses. The system to be analyzed, developed, and ultimately
evaluated in this case is the ALARA program at a contractor facility.
Analytic trees provide a systematic approach to program development by means
of identifying interrelationships and details that must be considered to
ensure a comprehensive program. Once the program is functioning, the analy-
tic tree may be used to develop checklists for ALARA program reviews or
audits.

The trees shown in Figure 1.5 through 1.10 have been developed to
illustrate the application of analytic trees to ALARA program development.
The trees correspond to the major chapters in this guide, and have been
developed to a level of detail corresponding to the level of detail in the
text. They are by no means complete, nor are they necessarily appropriate



for every organization, but they may be used as guidelines for program
development or evaluation.

In developing an ALARA program or evaluating ALARA performance, each
element of each tree should be considered. The extent of its development and
application and the commitment of resources to it should be based on the
radiation exposure potential of the facility, the radionuclide inventory, the
form of and the processes in which radionuclides are used, the resources
available, and the judgment of qualified professionals. The size of the
ALARA program for a facility using several small sealed sources would be
different from the size of a program or a reactor or fuel reprocessing opera-
tion. However, in all ALARA programs, each element should be assessed and a
considered judgment made of its applicability to the specific facility and
the degree of program development required. Documenting the assessment, the
conclusions, and the bases for them should be complete. Periodic review of
the program should be performed to verify its adequacy (see Section 2.2).

As seen in the ALARA decision tree in Figure 1.5, if there is a
potential for radiation exposure to personnel in a facility or operation,
then both a health physics program and an ALARA program are needed. The
branching to the two programs depicted in Figure 1.5 should not be inter-
preted to mean that the health physics and ALARA programs are separate and
distinct. Rather, as stated earlier, the ALARA program derives from a
strong, effective health physics program. Historically, keeping radiation
doses ALARA has been part of the health physics function. The emphasis on
reducing personnel doses has led to increased attention to those elements
of the health physics program that further ALARA goals. This emphasis does
not diminish the necessity for and importance of the other health physics
activities. A strong ALARA program may, in fact, provide additional impetus
to strengthen the health physics effort.

1.6 ALARA CHECKLIST DEVELOPMENT

Using the analytic tree to develop a check list for audit or appraisal
requires rewording the elements of the tree. For example, the element iden-
tified as "Potential for Radiation Exposure to Personnel” in Figure 15 would
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FIGURE 15  Basic Elements of an ALARA Program
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Administration
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Review .
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and
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and Level
Authority
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FIGURE 1.6.

Basic Elements of ALARA Program Administration
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Optimization
(Cost-Benefit Approach
to ALARA)
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| | 1
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FIGURE 1.7,
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] |
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Setting and

Evaluating
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Dose- Non-Dose-
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FIGURE 1.8 Basic Elements of Setting and Evaluating ALARA Goals
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FIGURE 1.10

Basic Elements of the Conduct of Operations




be changed to "Adequate Control of Radiation Exposure to Personnel ." The
next |evel woul d becone "Adequate Health Physics" and "Adequate ALARA Pro-
gram" The anal ytic tree synbol indicates that both prograns nust be found
adequate to assure that radiation control of exposure to personnel is ade-
quate. Follow ng the ALARA program branch of the tree to devel op a check
list would result in revising the next tier of elenments to:

Admni stration - Adm ni strative System Adequate

Qptim zation - (ptimzation System Adequat e

®al Setting and Evaluation -  Setting and Evaluating ALARA Goal s
System Adequat e

Radi ol ogi cal Desi gn - ALARA Consi deration in Radiol ogi cal
Desi gn Adequat e

Conduct of Qperations - Application of ALARA in Conduct of

Qoer ations Adequat e

Further detai 1ed devel opment of the "Admnistrative System Adequate"
branch woul d result in the follow ng diagrans (see Figures 1.11, 1.12,
and 1.13). Each branch of the ALARA programis devel oped in the sane manner
to forma detailed analytic tree. This analytic tree can then be used to
devel op a detailed check |ist for establishing a programor for conducting an
appraisal of an existing program The checklist for the "Admnistration"
branch of the tree would contain a |ist of questions such as the follow ng:

|. Admnistrative System Adequat e
A Managenent
1. Managenent Cormi t ment
a Isaformal ALARA policy witten and issued?
b. Has the ALARA policy been distributed to workers?
c.  Does management denonstrate its support for ALARA?

d Do the workers understand that nmanagement is conmitted to
and supports ALARA?



Administrative

System
Adequate
and
B _ | , | |
Management l Review and Audit I Staffing | | Organization |
1 ] 1
Management Communications, .
Commitment Procedures, and Manuals Training
= Formal Policy = Written Procedures Provided = Formal ALARA
Written and Issued Training Program
= Procedures Available to
= Policy Distributed Appropriate Staff = ALARA Training Provided
to Appropriate Staff:
= Management Support = Procedures Used « ALARA Staff
Demonstrated o - Radiation Protection Staff
= ALARA Communications « Managers
= Management Support System Established - Supervisors
Understood by Workers . Planners
= Feedback System Provided - Design Engineers
ALARA Planning  Workers
System Established = Training Records Maintained

Coordination and Liaison
Between Groups Established

- Trend Analysis System Established

FIGURE 1.11. Administrative System Adequate, Detail of Management Branch



Administrative

System
Adequate
and
]l ] [ |
Management Review and Audit Staffing Organization
1 ]
Management Overview Audit and

= Conducted Routinely
Review Criieria Established

== Documentation Provided
= Substandard Performance Corrected
== Follow-up Performed

FIGURE 1.12.

Appraisal Program

Formal Audit Program Established
Is Audit Programin

Compliance with DOE 5482.18
Audit Program Includes:

* Management Appraisals (every 3 years)
« Technical Safety Appraisals

« Functional Appraisals

* Internal Appraisals
Internal Appraisals Provide for:

Independent Auditors

* Management Review for Adequacy Every 3 Years

« Different Depth to Assure Adequate Functional Review
Guidance of Criteria for Process Developed and Used
Written Documentation Provided
Finding and Corrective Actions Documented
Tracking of Corrective Actions Provided
Follow-Up Systemin Place
Quality Assurance Program

Administrative System Adequate, Detail of Review and Audit Branch
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Administrative

System
Adeguate

and

l

{ Organization

= ALARA Organization Clearly Defined
= Formal Organization Chart
= Clear Assignment of Duties,
Responsibilities, and Authorities
= Job Descriptions Adequate
= Job Clearly Understood by Individual(s)
= Individual's Job Clearly Understoodby Others
= Scope of Responsibilities Adequate
= Organization Independent of Operational Organizations
= Sufficiently High Reporting Level
= ALARA Committee/Overview Group Established

Administrative System Adequate, Detail of Staffing and Organization Branches

Management Review and Audit { Staffing
Staffing Adequate for
Responsibilities
Technical Qualifications
Adequate
FIGURE 1.13.



3.

Comuni cations, Procedures, and Mnual s

a Aewitten procedures for application of ALARA provided?
b Are the procedures available to the appropriate staff?
c. Ae the procedures adequate and used?
d Is there an ALARA communi cations system provi ded?
e. Does the ALARA communi cations system provide for feedback
fromthe field?
f. Is there an ALARA planning system established, or is
ALARA pl anning fornal Iy included in other work planning
syst ens?
g Has a systemfor coordination and |iaison between working
and pl anni ng groups been establ i shed?
h.  Has a systembeen established that uses trend anal ysis
for tracking ALARA performance?
|s trend analysis perforned by craft and facility type
for both routine and repetitive operations?

- Does managenent reviewthese anal yses on a specified
frequency?

- Ae there provisions for inplenenting corrective actions
and fol | owup to assure conpletion?

Trai ni ng

a |Isthere aformal ALARA training program or is ALARA
training specifically provided in other facility training?

b Is ALARAtraining provided to appropriate staff? i.e.,

- ALARA coordinator/staff
- FRadiation protection staff
- Managers
- Supervisors
P anning staff
- Design engineering staff
\Wr ker s



c. Is ALARA training documented and records maintained?
B. Review and Audit
1. Management Overview

a. Does management conduct routine reviews of the ALARA
program?

b. Have formal review criteria been established?
c. Are the management reviews documented?
d. Is substandard performance corrected?

e. Does management perform tracking and follow-up of action
items?

2. Audit and Appraisal Program
a. Is there a formal ALARA audit program established?

b. Is the audit program in compliance with DOE 5482.16
(DOE 1986)?

c. Does the audit program include the following:
= Management appraisals (at least once every three years)?

= Technical Safety Appraisals?

= Functional Appraisals?

Internal Appraisals?

d. Do internal appraisals provide for:

= Auditors independent of those responsible for
performance?

Internal appraisals reviewed by management for adequacy
of performance at least every three years?

Audit depth sufficient to assure adequate functional
review of the ALARA program?

e. Are written guidance and criteria for the audit process
developed and used?

f. Are the audits and appraisals documented?

g. Are findings and corrective actions documented?



h.  Are corrective actions tracked and docunented?

I, Is there a followup systemto evaluate effectiveness of
actions taken?

j. s a Quality Assurance (QY Program in place?
- Formal QA program docunent written?
- Organizational ly independent?
- Systematic audits perforned?
- Tracking of corrective actions?

- Docunent ed regorts to managenent and audited
or gani zati ons®

C Staffing

1. Is the staffing of the ALARA program adequate for the
responsibilities assigned?

2. Are the technical qualifications of the staff adequate?
D Oganization

1L Is the ALARA organization clearly defined?

2. |s there a formal organizational chart?

3 Is there a clear assignment of duties, responsibilities, and
authorities?

4 Are the job descriptions adequate?
5. Is thejob clearly understood by the individual(s)?

6. Are each individual 's duties, responsibi Tities, and authorities
clearly understood by others?

I's the scope of responsibilities adequate?

8 Is the ALARA organization independent of the operationa
organi zations?

9. Is the reporting level for the ALARA coordinator/manager
sufficiently high to ensure senior management access?

10. Is there an ALARA committee/overview group established?



As evident from the above development of one element of an ALARA program
(e.g., the administrative element), development of all elements of the pro-
gram would result in a detailed list of questions that include all aspects
of ALARA

A successful ALARA program complements a strong, effective health
physics program. Both are necessary for the successful maintenance of radi-
ation doses ALARA. Because of the importance of the health physics functions
to ALARA and their close objectives, development (or assessment) of an ALARA
program should include assurance that the health physics program is per-
forming adequately. To assist the user of this manual in providing this
assurance, the "Performance Objectives and Criteria for Technical Safety
Appraisals,” developed by the U.S. DCE Office of the Assistant Secretary for
Environment, Safety, and Health, covers Radiological Protection and is
included as the appendix.
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ADMINISTRATION



2.0 ADM N STRATI ON

Programadmnistration is essential to an effective ALARA program A
functional admnistrative structure provides definition, direction, and
control to the program The basic el enents of ALARA program adm nistration
are managenent, review and audit, staffing, and organization. A though the
discussion in this section pertains to ALARA programadmi nistration, it
shoul d not be construed as advocating the establishment of a conpletely
i ndependent ALARA organi zation. An effective ALARA program shoul d be an
integral part of a contractor's overall safety programand nay in many cases
overlap with existing safety functions.

In some facilities, those assigned responsibility for the ALARA program
nmay be in an organization separate fromhealth physics and radiation protec-
tion. However, because of the many interrelated functions, areas of common
concern, and inportance of effective radiation protection, much of the dis-
cussion and enphasis in the manual is directed to the radiation protection
organi zation and function.

21 MANAGEMENT

Inplicit in the ALARA concept is strong overt support and active
participation by senior management to demonstrate the inportance placed on
reducing radiation exposures to the |owest practicable levels. Wthout this
strong support and participation by senior management, operating personne
m ght consi der ALARA goal s and objectives to be secondary in inportance and
easi|y overridden by production or other requirenents. The nmost technical Iy
conpetent heal th physics staff avai 1abl e cannot be effective in solving
radiation protection problens wthout strong, demonstrated managenent
| eader shi p.

No |ess inportant is the support and inplenentation of sound radiation
protection practices by operating managenment and personnel at all |evels.
Each enpl oyee shoul d recogni ze the inportance of individual effort in the
ALARA programand shoul d be encouraged not only to work with ALARA in m nd,
but also to make the ALARA concept an integral part of thejob, fromboth the
planning and the operational standpoints.



The ultimate responsibility for ALARA rests with the |ine organization.
The radiation protection staff provides technical assistance, support, and
gui dance, serving both as a technical resourceto staff at all levels and as
an independent agency, as it were, to verify and evaluate the state of the
programor the degree to which ALARA objectives are being net.

211 Mnagenent Comm t ment

Management commtnent is by far the nost inportant basic characteristic
of a successful ALARA program Management commtment includes providing the
persor(s) coordinating the ALARA programw th the responsibi Tity and author-
ity needed to carry out an effective program In addition, responsibility
and authority for inplementing ALARA practices should be assigned to line
managenent and to engineering, operations, and maintenance staff. A clear-
cut, positive ALARA policy statenent shall be formally issued by the facility
director. This policy should be unequivocal in stating the commtnent of
the facility to ALARA through an appropriate programof radiol ogical and
environnental protection and shoul d del egate both the responsi b 1ity and
the authority for coordinating this programto the facility radiation pro-
tection officer, health physics manager, or other qualified expert.

By word and action, managenent nust demonstrate its own commtnment to
ALARA.  Making adherence to ALARA practices one criterion in the eval uation
of job performance can be an effective nmeans of demonstrating and fostering
such conmtnment. Together, |ine managenent and radiation protection per-
sonnel shoul d devel op a workabl e programin agreenent with both operationa
needs and ALARA principles. It should be stressed that ALARA and production
are not inconpatible, but the elenments of job analysis and preplanning
inherent in the ALARA approach wll increase efficiency and cost -
effectiveness.

To attract and retain conpetent qualified personnel for the radiologica
and environmental protection staff, salaries and other benefits (including
wor ki ng condi tions and tool s such as instrumentation) should be on a par with
those provided to operational or research staff nenbers. The radiation
protection function shoul d be designed in such a way that it is not a
prof essional or admnistrative dead end for those who choose to work in this
area.



212 Comunications, Procedures, and Manual s

Certain formal conmunications are essential if the ALARA programis to
be effective. The faci 1ity director's formal pol icy statement of conmtnent
to ALARA shoul d be provided to each enpl oyee individually, perhaps in the
formof a memo or by inclusion in an enpl oyee handbook. In addition, line
managers should reiterate this coomtment orally and on a less fornmal basis
to their staffs; this can readily be acconplished at staff meetings, safety
neetings, or ad hoc neetings.

Detailed and specific policies and procedures relating to the ALARA
programshal | be fornalized in a manual, with provision made for its periodic
review and updating. The manual shoul d meet quality assurance requirenents
for a control led manual and should be freely available to all personnel. New
policy statements and procedures, however, should be circul ated anong the
staff and given to those to whomthey apply. Procedures and policies should
be reviewed and approved by responsibl e upper managenent.

Applicabl e portions of the nmanual shoul d be reviewed at group safety
neetings, wth tine allowed for and a clinate conducive to questions and
answers. Radiation workers shoul d be convinced that keeping individua
exposure ALARA is in their best interest and that managenent is truly and
deeply coomtted to the ALARA program

Procedures for the ALARA program shoul d assure that ALARA is consi dered
in the planning and scheduling of all activities that nay involve personne
exposure to radiation. Depending on the size of the facility, conplexity of
the operation, and radiation doses to be received, it may be beneficial to
establish a systemin which the rigor of the ALARA planning is determned by
the radiation dose estimated for a particular task. This type of system
establ i shes a dose |evel, typically the collective dose estimate for a task,
at which specified ALARA reviews and managerment approvals are required. As
the estimated radiation dose increases, increased involvement of ALARA staff,
radiation protection personnel, and nanagenment is required. However, some
degree of ALARA review and consideration is needed for all activities in
which radiation exposure is received, in order to limt unnecessary exposure.



Managenent procedures shoul d include a systemfor assuring that trend
anal ysi s and radiation dose tracking are performed. Trend anal yses and dose
tracking can be instrunental in identifying locations and activities which
coul d benefit froman in-depth ALARA evaluation, even in low exposure faci 1-
ities (Mahathy, Bailey, and Lay 1984) . Preparing and anal yzing contro
charts for departnment and individual exposures and anal yzing radiation
monitoring data are just two of their many uses.

A contractor-w de publication, such as an internal newsletter or safety
bul letin, may be used to increase ALARA awareness among all staff menbers.
Regul ar di scussions of both problens and programsuccesses will enhance
credi b Tity and pronote an at nosphere of cooperation.

Nonmanagement personnel shoul d be provided with an appropriate comuni -
cation link to management and the radiation protection organization. It
shoul d be stressed that ALARA is a teameffort and that each staff menber
s an inportant part of the team Suggestions, questions and comments, no
matter how severe, critical, or seemngly trivial, should be fairly con-
sidered, and no staff nenber should fear to make his or her views known.

In sone instances, the preservation of anonymty mght be desirable.

The ALARA communi cations system shoul d assure that effective coordina-
tion and |iaison has heen established among a1l the groups that nanage, plan,
schedul e, design, establish controls and requirements, and eval uate activ-
ities that may involve radiation exposure.

Communi cation al so includes the orientation and education of managenent
and enpl oyees in the ALARA programand the specific roles of both in inple-
menting it. An inportant aspect of orientationis to prepare personnel for
their jobs, clearly indicating what is expected of themand what neasures
managenent has taken to ensure their well-being. Oientation sessions also
offer a forumfor enpl oyee feedback and questions because they often produce
hi ghl'y cost-effective suggestions. Education and training should provide
personnel with retraining in addition to newinformation(See Section 213).

I ncentive prograns of various kinds and their related publicity can
sonetimes be used to stimulate staff interest in the ALARA program
I ncentives that involve group goals and awards seemto be most successful,



especi al |y awards for suggestions for reducing exposure to as |ow as reason-
ably achievable. However, any incentive that is capable of eliciting staff
support and conmitnent shoul d be considered. Adequate control s nust be
inplenented to ensure that conpetition does not become the overriding factor
Thus, goal s or awards do not become so coveted that workers are tenpted to
distort records or to act in ways that are counter to ALARA practices, such
as neglecting to wear dosimeters in order to obtain |ower indicated
exposur es.

The procedures and manual s describing and inplementing the ALARA program
shal | provide for systematic generating and retaining of records related to
occupational radiation exposure and the eval uations and actions considered
and taken to maintain exposures ALARA  Extensive and detailed radiation
records, especially of radiation doses received by workers and the conditions
under which the exposures occurred, are essential for trend analysis and
identification of additional areas for ALARA efforts. Detai 1ed guidance on
radi ation exposure records systens can be found in ANSI NL3.6-1972, Practice
for Gccupational Radiation Exposure Records Systens (ANSI 1972).  The DCE

requirements can be found in DOE 1324.2 (DCE 1982) and in DOE 5480. 11 (DCE
1988) .

2.1.3  Education and Training

The education and training process can be conveniently divided into
three broad areas:
« new enpl oyee preparation
e work-oriented, on-the-job training
e continuing education
Each of these areas is inportant to ALARA for a deficiency in any one area
can lead to increased personnel exposures.

New enpl oynent preparation is usually formal classroominstruction.
Every job requires certain general education requirenents as well as specific
job ski 11s.  The general education requirenents for different jobs are highly
variable and are inportant in devel opi ng ALARA education and training pro-
grans. The general education level of enployees dictates to a great extent
the training techniques to be used and the training requirenents set.
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Wrk-oriented, on-the-job training refers to specific experiences
provided by the enployer to acquaint the enpl oyee with job specifics.
Training for ALARA is a continuous process that includes an initial training
program pl us periodic updating and reinforcement. Radiation worker training
and retraining, required at least every two years (DCE 1988), shall include
specific plant procedures for maintaining exposure as |ow as reasonably
achievable. Sem annual or nore frequent ALARA training sessions are sug-
gested for all enployees, and ad hoc sessions shoul d be devel oped if substan-
tive changes are nade in operations, equi pnent, regul ations, or other factors
relating to the radiol ogical aspects of the facility. Practice sessions
usi ng nonradi oactive equi pment or "nock-ups" may be especial |y beneficial in
sharpening ski 11s and reducing tine spent in radiation areas. Practice
sessions can also be helpful in identifying problemareas in task perfornance
and procedures. ALARA concepts and practices should be an inherent part of
task training for radiation work, e.g., training on punp seal replacenent
shoul d be done in anti-contamnation clothing with enphasis on conpleting the
job quickly and well.

Specific ALARA training should be provided to selected groups to ensure
effective participation in inplementing the ALARA program Included in the
groups that should receive specific ALARA training are the ALARA and radi a-
tion protection staff, managers, supervisors, planners and schedul ers, design
engi neers, and radiation workers.

Continuing education refers to the formal and informal know edge, often
highl'y specific, usually gained while the enployeeis in the work force.
Such education may be designed to lead to specific certifications or degrees
or to the renewal or updating of existing |icenses or certifications, or it
nmay be sinply to acquire additional general know edge. For those prinarily
concerned with the technical aspects of ALARA namely, the health physics
staff, such training will assist in nmaintaining professional vitality.

Heal th Physi ci st

For experienced heal th physicists, education involves continual profes-
sional devel opment by attending and participating in scientific and technica
neetings, short courses, and other continuing education courses. In addi-
tion, the professional health physicist needs to be broadly informed about
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conpany prograns, policies, and practices, as well as to obtain a background
in engineering economcs and related financial matters. The latter two areas
are desirable if the reasonably achievable aspect of the ALARA goal is to be
attai ned.

Professional staff nenbers should be provided with the nmeans to naintain
and update their ski 11s by participation in relevant semnars, short courses,
and scientific and technical neetings, and shoul d be strongly encouraged to
participate vigorously in continuing education prograns and to obtain cer-
tification or licensure by the Averican Board of Health Physics or other
prof essi onal certifying or 1icensi ng bodies. Continuing education oppor-
tuni ties necessary to maintaining certification or 1icensure, or for general
prof essi onal know edge and heal th physics conpetency, nust be provided.

Pertinent handbooks, publications, and journal s should be nmade avai 1-
abl e, such as those of the International Conm ssion on Radiol ogi cal Protec-
tion (ICRP) , National Counci 1 on Radiation Protection and Measurenents
(NORP) , Anerican National Standards Institute(ANSI) , International Stan-
dardization Qrganization (IS) , International E ectrotechnical Conmssion
(IEC), International Atomc Energy Agency (IAEA) , and the Health Physics
Society.

Heal th physicists with 1imted experience or no experience are nore in
need of specific ALARA training than education, assumng that the individual
has an appropriate academc background. No health physicist (or other staff

nenber) shoul d be assigned naj or responsi bi 1ity for ALARA prograns wi t hout
first having significant appl ied experience at the operational |evel.

Heal th Physi cs Techni ci ans

Experienced heal th physics technicians shoul d be well acquainted wth
specific methods that meet ALARA criteria and will probably benefit most from
education in the underlying theoretical and appl ied science. Radiation
protection technician training and retraining prograns shall be established
and conducted at |east every two years. These shall include, anong ot her
topics, training in the proper procedures and techniques for naintaining
exposures ALARA  Such personnel shoul d be encouraged to enroll in acadenc
courses to strengthen their scientific backgrounds, and shoul d al so be



encouraged to achieve certification fromthe National Registry of Radiation
Protection Technol ogi sts.

| nexperienced health physics technicians should receive special class-
roomtraining before they are permtted to operate in the field alone. A
typi cal course should have 24 to 60 hours and include, as a mninmum the
fol | ow ng topics:
e basic atomc and nuclear physics
e radiation units
e radiation neasurenents
e radiation survey instrumentation--calibrationand limtations
* Dbiological effects of radiation
standards, guides, and limts
» special considerations in the exposure of wonen of reproductive age
* node of exposure--internal and externa
conpany radiation safety procedures
e ALARA philosophy and practices
o €xposure-reduction and exposure-prevention techniques and procedures
o approved monitoring and surveillance techniques
e auditing and inspection skills
« organizational nethods
e radiation worker training
o facility radiation protection guides or standards
e energency procedures.

In addition to carrying out the classroomwork, inexperienced health
physi ¢s technicians shoul d be closely guided by senior technicians or senior
menbers of the professional staff in their day-to-day activities. They
shoul d al so go through the training given to radiation workers (as shoul d

junior professional staff) and should be encouraged to becone trainers rather
than trainees.
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Adminis rators

Specific ALARA educational progranms for admnistrators should be
devel oped. The education of new admnistrators should be formal and
i ncl ude the follow ng:

» general nontechnical reviewof radiation hazards and radiation
protection pa icies

o description of interdepartmental relations that influence the
qual ity of the program

o description of specific ALARA policies that the admnistrator nust
consi der

e quidelines for educating junior enployees

o factors that wll be used to evaluate the quality of the ALARA
program

These subjects are critical because they describe ALARA justification,
specific individual functions, the interrelation of group functions, and the
nethods to constantly eval uate which functions are most producti ve.

The education of experienced admnistrators shoul d be informal and
concentrate on eval uating the efficacy of ALARA goal achievenent. The need
to provide nmanagerment support and commtnent to the ALARA program shoul d be
enphasi zed. Adnministrators shoul d be remnded that admnistrative ALARA
functions deal wth an attitude or an outlook as wel|l as specific tasks.

Primary educational areas for operating nanagers and supervi sors are
e the inportance and overall justification of the ALARA program

e specific requirenents to ensure that ALARA policies are being
inplenented at all enployee |evels

« devel opnent of ALARA goal s

o the necessity of relying on the technical services and advice of
the heal th physics group

o the effects of each organizational conponent's activities on the
overal | achievement of ALARA program goal s
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their responsibility for providing all workers with an awareness of
specific safe job practices and ALARA inplications

o procedures for evaluating ALARA perfornance.

(per ating Personnel

In addition to the radiation protection orientation required for all
enpl oyees, on-the-job training for operating personnel in specifics related
to ALARA is essential, and whenever possible shoul d include assigning
i nexperienced personnel to work with experienced staff. Training shoul d
incl ude the description, denonstration, and practice of specific actions
necessary for radiation control. In addition, each worker should receive
some basic information regarding the conpany's radiation protection prograns,
along with an introduction to the philosophy and purposes of the ALARA pro-
gram Special training sessions in exposure reduction techniques nay be
especial |y beneficial to operating and maintenance personnel who routinely
enter radiation areas. Training sessions should be personalized and include
the introduction of key radiation protection personnel. Finally, optiona
addi tional education and training in radiation protection should be nade
available to al who desire it.

Education and Training Staff

The requirements for an education and training staff wll vary widely
anong DCE contractors. As aresult, the content of each individua
curriculumwll also vary. Large organizations may require one or nore
full-time professional health physicists in addition to specialists in other
areas, such as educational nmethods and techniques. Smaller organizations may
need only current staff nenbers to fill part-time positions for teaching the
education and training courses. These persons should be augmented by others
famliar with the details of the operations. Generally, the smaller the
facility, the higher the percentage of time spent providing or assistingin
the training function.

As authoritative sources for decisions, guidance, and assistance per-
taining to radiation safety and dose control, as well as ALARA education,
some menbers of the education staff shoul d possess advanced heal th physics



credentials and broad operating experience. As a mninum such personne
shoul d he available as resources and as teaching staff.

Qual i fications indicating advanced capabilities are certification by
the American Board of Health Physics, registration by the National Registry
of Radiation Protection Technicians, academc training in health physics, and
experience in operational health physics. Qher instructors mght include
persons with direct know edge of the operations, including design engineers
and "hands-on" operators. It is vital that instructors possess excel | ent
comuni cation skills and an interdisciplinary background. The combination of
heal th physics expertise and specific know edge of the operations along with
general know edge and communication skills is essential to establish the
di al ogue and coordination that are needed to work with the diverse management
groups and operating personnel in an organization. Training records shall be
mai ntained to assist in assuring that training is provided to the appropriate
staff at the required frequency and that the programis auditabl e.

The managenent staff assigned and commtted to direct ALARA radiation
safety programs nust maintain a central role in and be supportive of the
education program Direct interactions with upper management and a super-
visory relationship with the operational health physics special ists or tech-
ni cians enabl e heal th physics managenent to support an ALARA franework at ali
| evel s of the organization

22 REMEWAND ADIT

Managenent responsi bi 1ities for review ng, auditing, and eval uating the
ALARA programshall be clearly docunented. Docunentation shoul d include
descriptions of the purpose, scope, and frequency of ALARA programrevi ews
and of techniques for these reviews. Docunentation should be clearly
audi tabl e

Eval uation of the ALARA programshall be conducted by an individual
or individuals who have no direct responsibility for inplenenting the
program In some instances, this responsibility may be assigned to the
radiation protection or ALARA commttee, as long as provisions are made to
ensure an objective and unbiased eval uation. The eval uation shoul d be



comm ssi oned by senior managerment. Personnel conducting it should, for the
purpose of the eval uation, report directly to them The use of independent
consultants may be desirable. It nay be appropriate to use an eval uation
teamfor large and conplex radiation facilities. The individual or the team
nenbers conducting the eval uation shoul d, individual ly or jointly, have
knowledge of and experience in health physics, faci 1ity operations, design,
nmanagement systens, and ALARA  Aformal report on the eval uation shoul d be

i ssued to senior nmanagement. The report shoul d contain an overal | assessment
of the programand include the findings of the evaluation, areas of strengths
and weaknesses, and recomrendations for changes and i nprovenents.

2.2.1 Evaluation Frequency

DCE 5480.11 (DCE 1988) specifies that internal audits of al functional
el ements of the radiation protection program which includes ALARA, shall be
conducted as often as necessary but no | ess than every three years. DCE
Order 5482.1B(DCE 1986a) requires that internal appraisals be reviewed hy
nmanagenent for adequacy of perfornmance every three years, or nore often, as
required. More frequent eval uations nay be necessary depending on the par-
ticul ar faci 1ity, the inventory of radioactive material, the total dose
recei ved, the potential dose, and unusual or unpredicted changes in opera-
tional or health physics prograns. The findings of previous eval uations
nay indicate the need for nore frequent assessments of the program The
frequency should be related to the need for inprovement. In addition to the
periodic internal reviews of the ALARA program quality assurance audits are
anot her managenment tool to assure that ALARA programactivities are ade-
quatel y docunented and are carried out in accordance wth witten procedures

and policies. Quality assurance audits shoul d be conducted at |east
annual ly.

2.2.2 Quality Assurance Program

Quality assurance(Q) should be an integral part of any ALARA program
Quality assurance is the total of al actions necessary to ensure that the
end result is as planned and desired. quality assurance includes quality
control (which is the testing and verification of performance), procedure
i npl enentation, records maintenance, and docurmentation. The QA program



ensures that records are adequate and accurate and that actions taken with
regard to ALARA are appropriately docunented and retrievable.

A QA programfor ALARA should include as a mninumthe fol | owi ng el e-
ments:
o aformal QA program document
« organi zational independence
e quality contro
o design participation
e procurement contro
systematic audits
e tracking of recomendations
« feedback and advice on corrective actions
e appropriate docunentation

The formal QA program docunent can take many forns, but essential Iy it
includes the charter and procedures for QA The docunent should clearly
del i neate the ALARA responsihilities and authority of the QA function. [t
shoul d al so establish specific procedures by which these ALARA responsi bil -
ities are to he carried out.

A11 QA functions shoul d be organizational Iy independent of operating
functions. In the case of ALARA those responsible for QA for the ALARA
programshoul d be organi zational |y separate fromthose responsibl e for
i npl ementing the ALARA program This does not nean that the latter have no
QA responsibilities or functions, but that the |ine managers responsible for
| npl ementing ALARA shoul d not al so be responsible for QA audits and eval ua-
tions of their ow programs. The guidance provided in ANSI/ASME NQA-1,
Quality Assurance Program Requirenents for Nuclear Faci 1ities (ASME 1986),
and DCE 5700.68, Qual ity Assurance (DCE 1986b), shoul d be consi dered.

Qaal ity control (@) is an element of the total QA programthat is often
erroneously considered to be synonymous with QA The QC el ement is nore
restricted and is basically concerned with testing and verification of
performance and materials. Thus, testing and eval uating a portabl e survey
neter to verify that performance specifications have been met is a QC func-
tion and is only one element of the total QA programinvolving that instru-
nent. The total QA programincludes assessing procedures for use of the



instrunment, verifying if procedures are fol | owed, cal i bration, documentation
of calibration, repair, and acceptance testing; the list of QA elements can
be | ong.

Audits are essential to QA A QAaudit is aformal examnation of
certain specific phases of a programto verify that the programis being
conducted in accordance with witten procedures. Routine QA audits involve
the detailed exam nation of specific activities according to a previously
prepared checklist. However, managenent shoul d recogni ze that a QA audit
verifies conpliance to procedures and does not assess the adequacy of the
procedures or programin meeting performance requirenents.

The results of a QA audit of the ALARA programprinmarily benefit the
program pl anners and managers. Ski 11ed auditors not only detect departures
from reconmended procedures but al so provide useful recomrendations for
inproved conpliance. Thus, the fundamental goals of the ALARA program are
better met, and responsibl e personnel are nade aware of possible areas in
whi ch the ALARA programcan be strengt hened.

Qual ity assurance audits consist of review ng documentation that
denonstrat es whet her or not established procedures were followed in perform
ing work. Some, if not all, of the follow ng areas are inportant to health
physics in general and are not unique to the ALARA program Al should be
subject to review by the QA audits.

e changes, additions, and deletions to manual s, procedures, and
program document s

e purchase specifications and procurenent documents associated with
dose reduction

e laboratory and field notebooks, |ogbooks, and data sheets

o nonitoring and dosinmetry records associated with dose reduction
o calibration, test, and eval uation docunents

e source inventories and control documents.

Docunent ation for quality assurance for the ALARA program shoul d include
the fol | ow ng:
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e formally issued QA policies and procedures
e audit checklists and reports of audit findings.

Policies and procedures nay be kept as part of the ALARA manual, but
nost other QA docunents are in the formof loose itens in afile. A
organi zed filing systemincluding a method for tracking tenporarily renoved
docunments is essential to good docunentation and retrievability. Acentral,
permanent ALARA file is recommended, and an establ ished pol icy on the reten-

tion time, mcrofilmng, and protected storage of docunents is strongly
r ecomended.

23 STAFH NG

Appropri ate consideration should be given to the personnel and equi pnent
needed to devel op and inplenent an ALARA program Devel opnent and coor di na-
tion of the ALARA programshoul d be perforned in conjunction wth managenent
by well-qualified professional staff headed by a qualified health physicist.
| npl ementation w 11 require the support and efforts of all faci 1ity per-
sonnel . The ALARA staff, typically including the radiation protection
organi zation, should include a sufficient nunber of health physics tech-
nicians and professional s who shoul d be encouraged to maintain and upgrade
their skills and to seek certification

Staff qualifications are to a large extent facility- and assignment-
specific. Generally, professional health physics staff w11 hold, as a
m ni mum graduat e academ ¢ degrees in science or engineering; many will
have conpl eted graduate | evel work, usually leading to advanced degrees in
heal th physics or related curricula. Senior staff should have several years
of related professional experience. |ndeed, appropriate experience in
operational radiation protection nay be of greater inportance than fornal
education, although the latter should not be overlooked. It is inportant
that the experience be relevant to the types of operations performed at the
faci 1ity, both for operating and support (i .e., health physics) personnel.
Arerican Board of Health Physics certification is a clear indication of the
prof essi onal conpetency in applied radiation protection needed for an ALARA
program Technician registration is available through another independent
body, the National Registry of Radiation Protection Technol ogists.



For operating personnel, certification may be demonstrated in a similar
fashion. Nuclear certifications are available in various crafts and other
occupational specialties, such as quality assurance. These nuclear certifi-
cations imply a degree of knowledge and skill with regard to radiological
exposure control. An internal system of denoting qualification for radiation
work shall be used to ensure that only individuals with appropriate exper-
ience are assigned responsibility for tasks with the potential for radiation
exposure.

The radiation protection staff is professionally obliged to provide
management with a balanced program that takes into consideration not only the
radiological aspects of an operation, but also costs, time, and legal and
public relations constraints. Moreover, the staff must not lose sight of the
fact that the production of the facility is the benefit that justifies not
only the radiation exposure but the operating cost as well.

At contractor facilities, staffing requirements for radiological protec-
tion and ALARA range from about 1%to 10%of the facility's total staff, with
the percentage dependent on both the extent of the nonnuclear activities and
the level and hazard of the nuclear operations associated with the facility,
as well as on its size. Ordinarily, 3%to 5% is the range at most nuclear
facilities. If the ALARA program is ineffective and yet has adequate manage-
ment support, more or better staff may be needed.

2.4 ORGANIZATION

Given sincere and strong commitment to ALARA by senior management,
virtually any organizational structure can be made to work. However, to
achieve maximum organizational and operating efficiency, certain constructs
are needed. Because there is no "best" or universally applicable organiza-
tional structure, an organization appropriate to the operation should be
developed by the contractor.

Although organizational structures may vary considerably, characteris-
tics basic to an effective ALARA organization are:

* independence of designated ALARA and radiation protection personnel
from operations, research, and engineering functions
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o specific and formal assignnents of ALARA responsibility

e asufficiently high reporting level for the ALARA and radiation
protection functions to ensure adequate managenent attention

e a manager trained and experienced in health physics.

Large organi zations nay also establ ish an independent ALARA cormttee to
facilitate communication and make recomrendati ons.

241 (Oaqanizational |ndependence

(rgani zational independence and a sufficiently high reporting level are
vital to an effective ALARA program A particularly effective organizationa
scheme conbines all the occupational health and safety functions under a
singl e manager who is highly placed in the organization, but there may al so
be personnel with ALARA responsi hi 1ities assigned to the operational com
ponent.  Another organizational approach is to provide a dual reporting Iine,
making the radiation protection group admnistratively responsibleto the
support services group (e.g., for time scheduling and budgeting) but tech-
nically responsibleto a conmttee or a staff expert (e.g., for radiation
protection).  Yet another possibility is to have a separate ALARA review or
staff group reporting at a high level in the organizational structure. In
any case, the radiation protection and ALARA prograns nust be given suffi-
cient stature within the organizational structure.

A caveat shoul d be issued regarding i nappropriate organi zation schenes.
Organi zational structures are to be avoided in which radiol ogical protection
Is not given adequate voice at a high enough level in the overall organiza-
tion, or inwhich it is not free of control by the 1ine manager whose primary
attention is to operations.

2.4.2  Assignment of ALARA Responsibility and Authority

Formal assignnent of responsi b lity for the ALARA programshould be
del egated to a specific individual or organizational conponent and should be
recogni zed as a major responsibility on which individual performance may be
evaluated. Simlarly, the overall expectations of higher managenent for the
conduct of the program the basic time schedule, and the goals to be achieved
should be formally identified. It may be necessary to identify an ALARA



coordinator, just as emergency preparedness coordinators are identified.

If so, the position and responsibilitiesof the ALARA coordinator should be
clearly identified with respect to the overal|l contractor organization. The
ALARA coordi nator need not be given line authority. However, the coordina-
tion, evaluation, and planning of ALARA activities are staff or support
functions that clearly fall wthin the scope of responsibilities of the ALARA
coordinator. The formal structure for achieving goals, including reviewand
approval statenents fromthe director of the contractor organization to the
cogni zant |ine manager, shoul d be included. Basic goals should be estab-
lished by specific organizational groups where exposure problens are clearly
di stingui shabl e. Devel oping goal s nust be a function shared with |ine
nanagenent .

(Oear-cut authority nust be granted to personnel whose prinary function
is radiation protection. (Utinate authority, of course, rests with the head
of the contractor organization, who exercises it through del egation to 1ine
managerment as well as to the radiation protection staff.) Specific ALARA
authorities(responsibilities) granted to the health physicist should include
the fol | ow ng:

e reviewand approval of plans for constructing or modifying facili-
ties in which radioactive naterials wll be used or stored, or in
whi ch radi ation-generating nmachines wll be |ocated

e issuance, review, and approval of radiation work permts(this
inplies the review and approval of operating plans and procedures
before they are implenented)

o reviewof operational protective neasures to ensure that ALARA
goal s are net

o approval of the training and qualification of radiation workers.

The above authorities and responsibi 1ities should be clearly delineated in a
policy manual or other witten policy statements issued by upper managenent.

2.4.3 Reporting Level

The activities and results of the ALARA programnust be reported to
upper nmanagenment to ensure adequate managenent attention to ALARA  The



results of ALARA audits and reviews nust also be reported to upper manage-
ment. The managenment |evel to which ALARA reports are directed nust be
sufficiently high to ensure independence fromoperational pressures and to
ensure an adequate response t 0 ALARA recomendation and findings. [Ideal |y,
the results and progress of the ALARA programshoul d be reported at |east
annual Iy in a formal report to the head of the contractor organization, wth
copi es to other cognizant management.

2.4.4 ALARA Cormttee

In 1arge organi zations, communication can be faci litated through an
| ndependent ALARA reviewcommttee acting for (or perhaps even chaired hy)
the head of the contractor organization and reporting directly to him Note
that this conmttee can be a general safety or radiation safety conmttee
whose functions include ALARA activities as described bel ow

The conm ttee shoul d make recomendations to those responsible for
conducting the actual prograns and al so to upper nanagement. These recom
nendat i ons may eventual |y becone conpany pol icy. The commttee shoul d
receive, as a mninum the results of all reviews and audits, both internal
and external, and shoul d reviewthe overal | conduct of the safety program
The menbers shoul d be qualified to interpret findings fromreviews and audits
and to make appropriate reconmendations to strengthen the overall program
The conmttee can also arbitrate differences anong various organi zati ona
conponents, such as operating and radiation protection groups, and can
inpartially resolve conplaints

The suggested ALARA conmttee structure is as follows:

Various relevant technical disciplines in addition to health
physi cs shoul d be represented and shoul d be chosen from depart-
ments other than the radiation protection departnent.

e The individual s chosen shoul d be senior personnel and recognized as
experts in their disciplines; technical personnel are in genera
preferabl e to management or admnistrative staff.

The director (manager) of the radiation protection department
shoul d be a non-voting nenber of the conmttee; for exanple, he
mght act as secretary.



e The chairperson should be the head of the contractor organization
or an individual appointed by and reporting directly to him/her.

e The use of outside experts, either as consultants or as participat-
ing members, should be encouraged.

The ALARA committee should meet at least semiannually; more frequent
meetings may be required at large facilities. The committee must be
convenable by the head of the contractor organization or the chairperson.
Special meetings could result from the initiation of new programs, the occur-
rence of a serious accident, the recurrence of previously reported incidents,
substantial changes in standards or regulations, or preparations for new
operations (e.g., operational readiness reviews).

An important function of the ALARA committee is the review and audit of
the facility's ALARA program. Accomplishing this task at large facilities
might require assigning a qualified health physicist as staff member to the
committee, along with secretarial and clerical help, as needed. It is
essential that the committee keep accurate records of its deliberations and
operations, documenting all significant actions.
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SECTION 3.0

OPTIMIZATION



3.0 CPTIM ZATI N

One of the conponents of the systemof dose limtation reconmended in
the Internal Comm ssion on Radiological Protection(ICRP) Publication 26 is
that "all exposures shall be kept as |ow as reasonably achi evabl e, economc
and social factors taken into account” (ICRP 1977).  In I CRP Publication 37
(ICRP 1983), this conponent was referred to as "the optimzation of radiation
protection." The role of optimzation in an effective ALARA programis
di scussed in this chapter.

3.1 THE CONCEPT OF CPTIM ZATION

Optimzation of radiation protectionis a process by which the optinal
level of radiation protection can be identified and achieved. The optinal
level of radiation protection for a particul ar radiation protection practice
depends on many factors, including the cost of the practice, the reduction
inrisk(dose) fromthe practice, and the detriment associated with dose
Radi ation doses are ALARA only when these factors are properly balanced. |f
an inbal ance exists, either too many resources or too fewresources are being
spent to reduce occupational radiation doses. Cost-benefit analysis, the
optim zation nethod discussed in this chapter, can be used to ensure that
proper consideration is given to both the costs of a radiation protection
practice and the benefits derived fromthat practice.

311 Detrinent Associated with Dose

Quantification of the detrinent associated with a unit of radiation dose
Is essential to the cost-benefit process. Cearly, if radiation were not
harnful to man, then the optimal level of radiation protection would be zero
protection in al cases, and the providing of radiation protection could not
be justified because the protection provided no benefit. In contrast, if
radiation were harnful only above a certain individual dose threshol d (which
Is the case if only nonstochastic effects are considered), then the optinal
level of radiation protection would be the level that ensured that workers
woul d receive doses |ess than the threshold(this is the concept that is
appl ied to exposure to many hazardous chemcals). Currently, however,
occupational radiation doses are believed to deliver small |evels of



individual risk. Under the linear no-threshold hypothesis, the risk associ-
ated with radiation dose i s proportional to dose. ICRP Publication 26 (ICRP
1977) suggests that the risk to an individual is about 10-4 per rem, although
recent data have suggested that the actual risk may be a factor of two or
more higher.

In order to determine hov mawy dollars should be spent to reduce occupa-
tional doses, the costs associated with radiation dose can be represented by
two components. The first component, termed a, is the detriment associated
with the potential health effects of a unit of dose equivalent. Although
may estimates for the value of a have been published, the most reasonable
estimates suggest that this value i s currently about $100 per person-rem
(Auxier and Dickson 1981; Waite and Harper 1983; Vivian and Donnelly 1986;
Cohen 1984; Voilleque and Pavlick 1982; Cohen 1973). In other words, if only
the health effects of dose are considered, no more than $100 should be spent
to reduce the collective dose to a group of workers by 1 rem. The reason
that more than $100 should not be spent is that the money could be spent
elsewhere and have a more positive impact on occupational health. O course,
the value of $100 per person-rem is only an estimate; the true value depends

on may parameters that, including the stochastic risk associated with dose,
are currently uncertain.

Exposing workers to ionizing radiation is costly in ways other than the
associated health risks. Worker doses are subject to limits, and the exis-
tence of these limits requires that worker doses be tracked and recorded.
When a worker's cumulative dose approaches the limits, additional costs mey
be incurred to ensure and demonstrate that the limits are not exceeded.

Also, various individuals and groups, such as the general public, perceive
that the risk of radiation exposure is greater than the risk generally agreed
upon by experts. Because of these and other considerations, it is often
prudent to spend more dollars to reduce doses to workers than would be opti-
md if only the health effects of exposure were considered. In these cases,
the excess dollars spent would be more than offset by the dollars saved
elsewhere. For example, spending dollars to reduce doses to workers who
routinely receive doses approaching applicable Timits might be justified
because this would reduce the 1ikelihood that additional workers would have
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to be hired. Simlarly, costs incurred by elimnating the exposure of
workers to airborne radioactive material mght be justified because costs
woul d be saved by avoiding the need to eval uate internal depositions. Alter-
natively, it may be prudent to permt mnor exposures to airborne nmaterial in
consi deration of the reduced efficiency of workers who wear respirators and
the higher external doses associated with reduced efficiency. Regarding
exposure of the public, the costs associated with reducing routine em ssions
of radioactive material mght be offset by the benefits associated with
greater public acceptance of the faci lity.

One nmethod for incorporating these considerations into optimzation
anal yses is to establish a second conponent for the costs associated with
dose. This conponent is termed g, which is the non-heal th-rel ated detriment
of exposure to ionizing radiation. Simlar toa, the objective health detri-
ment, the units of g are $/ person-rem Unlike the a value, the specific
value of g is highly dependent on the application. For exanple, for applica-
tions that involve relatively lowroutine occupational doses, the value of
pis likely to be small. O the other hand, for applications that involve
relatively high doses, dose rates, or nunbers of workers, the value of g
could be high. In these cases, the value of g may exceed the value of a by
an order of magnitude or nore.

For radiation protection practices that involve significant costs and/ or
dose reductions and are subject to optimzation anal yses, careful considera-
tion should be given to the value of g chosen for the analyses. As a nini-
mum the g val ue should reflect the inportance of personnel and public rela-
tions aspects of mnimzing radiation exposure. Depending on the facility,
the val ue of g based only on these considerations coul d exceed the val ue of a
by up to an order of magnitude. Wile this is unfortunate because it sug-
gests that such considerations are often nore inportant than health con-
siderations in determning the optimal level of radiation protection, the
val ue of g reflects real costs inposed by society on the exposure of individ-
ual s to ionizing radiation and should therefore be incorporated into optim -
zation analyses. For applications where other costs are involved in the
exposure of persons to radiation(such as the costs that are incurred when
wor ker doses approach admnistrative or regulatory 1imts), the value of g
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used for optimzation anal yses should be set correspondingly higher. Sec-
tion 353 in this report provides an exanple of the use of g in optimzation
anal yses.

3.1.2 FRole of Optimzation in Achieving ALARA

Optim zation shoul d be used whenever decisions regarding the inplenen-
tation of a radiation protection practice w 11 be costly, conplex, and/or
invol ve significant dose savings. As a mninum practices that should
invol ve optimzation include facility design and engineering controls. For
radiation protection practices not readily subject to optimzation, consis-
tency with ALARA can be assured by follow ng the guidelines in this manual

3.2 CPTIMZATI ON USING GCBT-BENEFI T ANALYS S

Cost-benefit analysis is thoroughly described in I CRP Publication 37
(1CRP 1983) and is the preferred optimzation method if sufficient data are
avai 1able for its use. Cost-benefit analysis involves the quantification of
all variables in monetary terns to determne the net benefit of a radiation
protection practice. For a radiation protection practice, the net benefit
can be expressed by Equation (1) :

B=V-(P+X+Y) (1)

where B =the net benefit of the introduction of a practice

v = the gross benefit of the introduction of the practice

P = the basic production cost of the practice, excluding the
cost of radiation protection
the cost of achieving a selected level of radiation protection
the cost of the detrinent resulting fromthe practice at the
sel ected level of radiation protection(lCRP 1983).
For nost applications in radiation protection, this equation can be sinpli-
fied to determne the optinumlevel of radiation protection, as seen in
Fquation (2) :

M=X+Y (2)



where M represents the costs to society associated with a specific radiation
protection practice. A radiation protection practice can be defined as any
practice designed to reduce occupational doses, whether it be at the design
or operational stage of afacility.

The obj ective of cost-benefit analysis is to mnimzethe total cost to
society [M in Equation (2)] based on the radiation protection options avail -
able. In some cases, numerous options may be available, such as variable
thi cknesses of shielding that can be used to reduce area dose rates or vari -
able ventilation flowrates to reduce airborne radioactivity concentrations.
In other cases, a single option may be available, such as the use of a
robotic armto performa task that involves transportation of radioactive
material. Regardless of the nunber of options available, the m value for
each option shoul d be cal culated and conpared to the base case M val ue (i.e.,
the value if no additional radiation protectionis provided). The option
with the [owest M val ue shoul d be considered the optinal option, provided
that the option neets applicable 1imts, standards, and other criteria.

The quantification of the variable Y in Equation (2 can normally be
acconpl i shed by determning the collective dose equival ent associated with a
radiation protection practice and multiplying by an expression that repre-
sents the detrinent of a person-rem

Y= (a+§)S (3)

where a is the health-related detrinent of a person-remexpressed in dollars,
g is the non-health-related detrinent of a person-remexpressed in dollars,
and Sis the collective dose equivalent resulting froma radiation protection
practice. Equation(2 can thus be expressed as:

M=X+ (a+ B)S (4)

Exanpl es of the use of cost-benefit analysis in radiation protection are
presented in Section 3.5



3.3 COMON PROBLENS

ptimzation of radiation protection is often difficult because of
the many problens that can be associated with its use. The nost common
problens are.thelack of sufficient data to correctly performthe optim za-
tion calculations and the uncertainties in mich of the available data. In
t hese cases, optimzation may have only limted use. Sone of the potentia
probl ens are di scussed bel ow

3.3.1 Cccupational Dose Versus Public Dose

Sone radiation protection practices, such as instal 1ation of effluent
control systens, involve both reduced doses to the public and increased doses
to workers. For exanple, assume an effluent control systemthat can be
installed at a facility would reduce annual collective dose equivalents to
the public by 2 remper year for 30 years(y), the expected lifetinme of the
facility. A'so assune that workers wll receive 30 reminstalling the system
and an additional 30 remduring system maintenance over the 30-y lifetine of
the facility. It appears that a cost-benefit analysis woul d suggest t hat
the systemshoul d not be installed, because the benefit to society is zero
(60 remless to the public and 60 remnore to workers), not considering the
cost of the system However, in some situations, reducing doses to the
public is given nore wei ght than increasing doses to workers because of
consi derations other than expected health effects, e.g., avoidance of |aw
suits and greater public acceptance of the faci 1ity.

3.3.2 Routine Doses Versus Accidental Doses

Sone radiation protection practices involve increased occupational doses
in order to reduce the |ikelihood and/or consequences of an accidenta
rel ease of radioactivity in the workplace or to the environment. For
exanpl e, at plutoniumfaci 1ities, glove box gloves are frequently changed to
mnimze the likelihood of a glove failure that could |ead to accidenta
inhal ations of airborne material. Wile this practice reduces the expected
detriment froman accidental release, it often increases the routine occupa-
tional doses received by workers who performthe changeout operations. In
order to optimze the frequency of glove changeout operations, both effects



nust be considered. In these cases, decisions on the proper frequency nust
often be nade based on past experience and applicabl e standards and gui dance.

3.3.3 Future Doses

Many radiation protection practices involve increases or decreases in
occupat i onal doses that wll occur in the future. For exanple, consider
a facility where a permanent shield could be installed at a cost of $500, 000.
If installed, the shield would result in the reduced col | ective dose equi v-
alent to workers of 50 remper year. The lifetine of the facility is
30 years. According to the principles of cost-benefit analysis, the shield
shoul d be instal led only if the benefit (reduced occupational doses of
1500 rem exceeds the cost ($500,000). If the 1500 rem savings were eval u-
ated at a value of $1000 per person-rem the benefits fromthe shield woul d
appear to outweigh its cost. However, an inportant consideration is whether
the detriment associated with dose should be discounted. In this case, if
the benefits were discounted at a rate of 10%over a 30-y period, their
present val ue woul d be $472, 000, which is less than the cost of the shield.

The controversy surrounding the discounting of future doses is often
based on the question of whether health effects should be discounted simlar
to other costs (equi pment, manpower, etc.) . As discussed previously, the
detriment associated with radiation dose is often domnated by the g term
which refers to costs unrelated to health. Therefore, it is suggested that
the detrinment associated wth future doses be discounted as well as al other
costs that will be incurred in the future. Acceptable nethods for econonic
di scounting and cal cul ation of present values can be found in Heaberlin et
a. (1983).

Anot her probl em associated wth the assessnent of future radiation doses
regards integration of col |ective dose over large popul ations. For exanpl e,
optimzation of the design of a waste disposal faci 1ity would require the
assessnment of extrenely small doses to many individuals. Wile sone believe
that the establishnent of a collective dose eval uation cutoff criterion js
appropriate to elimnate the consideration of negligible risks to individuals
in optimzation anal yses, this problemis not addressed in this docunent.



3.3.4 Uncertainties

Probabl y the nost difficult problem encountered when optimzing radia-
tion protection practices is that of the uncertainties in the available data.
In these cases, sensitivity analyses on the uncertain paraneters can be used
to determne the effect of a paraneter change on the outcone of the analysis.
For exanpl e, the analysis could be performed using different val ues of a
person-remto determne the inportance of that paraneter in determning the
optimal level of radiation protection. A optimzation exanple that includes
sensitivity analysis is provided in Section 3.5.

3.35 Restrictions on Applying Qptim zation

Optimal radiation protection practices as identified using optimzation
net hods mght not al ways be practicabl e because of governing regul ations or
gui dance, public sentinent, or other reasons.  For exanple, consideration
nust be given to applicable dose or dose rate limts, availability of per-
sonnel, and avai | abi 1ity of resources. In addition, sone radiation pro-
tection practices are not anenable to fornal optim zation because of the |ack
of sufficient data to performthe analysis. For exanple, in theory, instru-
nent cal i bration frequencies can be optimzed based on instrunent malfunction
rates, the specific applications of the instruments, and other variables
(Merwin et al. 1986). However, quantifying these variables is difficult, and
determning a cal ibration frequency based on avai 1abl e gui dance and standards
nay be nore appropriate.

3.4 SUGGESTED APPROACH

Many radiation protection practices have several options depending on
the level of radiation protection desired. For exanple, several different
thi cknesses of |ead shielding are often available for reducing doses to
wor kers who work in high dose-rate areas. Al so, contam nation surveys can
be performed at various frequencies depending on the potential for an area
to be contamnated. In each case, the optimumlevel of radiation protection
IS dependent on both the reduced doses to workers and the cost of achieving
that level of protection.
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The fol lowing steps are the mninumrequired for performng cost-benefit

anal ysis to optimze a radiation protection(dose reduction) practice:

1

3.5

|dentify all possible options. Include the "do nothing" option as a
potential option to determne whether further dose reductions would have
a positive net benefit with respect to current practice.

For_each option, determne both the individual and collective dose

equi val ents that will result. A option should be regarded as being
nonviable if the resulting doses or dose rates violate applicable limts
or standards.

For each viable option, identify all associated costs and determ ne the
net cost for each option by summng the identified costs. Cost savings
shoul d be included in this sumby applying a negative sign (for exanple,
if using a respirator would elimnate the need for bioassay neasurenents
costing $1000, the associated cost is -$1000).

Det erm ne the cost equival ent of the doses resulting fromeach option.
(see Sections 3.1 and 32.

Sumthe costs identified in Steps (3) and(4) to determne the total net
cost for each option.

The option with the |owest total net cost is the optinal option. If the
"do nothing" option has the |owest total net cost, then further dose
reductions are not reasonable as defined by the ALARA principle.

A sensitivity analysis should be perforned to determne how the sol ution
depends on the assunptions that are required to performthe optimzation
anal ysis. Judgnent will be necessary if the optimal solution is highly
dependent on the assunptions. Section 3.5.4 describes an acceptabl e
sensitivity analysis nethod.

EXAMPLES

The fol [ ow ng exanpl es demonstrate the use of optimzation techniques

for ensuring that occupational doses are ALARA  Each exanple is successively
nore conplex in order to denonstrate the factors that must be considered in a



typical optimization analysis. A cost-benefit analysis of one or more
options for reducing doses to a group of workers is provided in each example.

3.5.1 Example 1

In this example, four workers are assigned to several jobs in a radia-
tion area that will require a total of eight weeks to complete. Each worker
will be in the area for an average of six hours per day for five days a week.
The dose rate in the area is 15 mrem/h, essentially all of which is attribut-
able to 60Co.

The question facing the health physicist responsible for the workers is
whether a shield should be erected between the source of radiation and the
work area to reduce the dose rate to the workers. One option is to construct
a wall of 2-in.-thick lead bricks, which would reduce the dose rate to the
workers to 0.47 mrem/h. The bricks would cost $12,000 to procure. An addi-
tional $2000 would be required to procure materials for supporting the
shield. Constructing the shield would require two workers eighteen hours
each. The dose rate to these workers will be 20 mrem/h while the shield is
being constructed. The hourly wage for all workers is $20.

This example demonstrates a common application of optimization
principles. Although it will be possible to substantially reduce the doses
to the four workers, providing shielding will be costly. The primary ques-
tion is whether the benefits of the shield outweigh the costs. To answer
this question, a cost-benefit analysis can be performed on both options
(providing shielding and not providing shielding).

Option 1: No shielding

Both the costs (X) and doses (S) associated with this option must be
determined:

X = 0 (no costs are associated with this option)
S = 15 mrem/h X 240 h/worker X 4 workers = 14,400 mrem

From Equation (4) in Section 3.2, the objective of optimization is to mini-
mize the variable M in the equation

M=X+ (a+8)S



where a is the dollar value of avoiding the potential health effects of a
person-rem and g is the dollar value of avoiding the non-heal th-rel ated
costs of a person-rem Assuming that a = $100 per person-remand g = $900
per person-rem

M=:=Xx+(@a + B)S =0 + ($1000/person-rem X 14.4 person-ren) = $14,400

Qotion 2 Shiel ding
X = $12,000 + $2,000 + (18 h/worker X $20/h X 2 workers) = $14,720

S = 0.47 mrem/h X 240 h/worker X 4 workers
+ 20 mrem/h X 18 h/worker X 2 workers
= 1170 nrem
M= X + (a+ B)S = $14,720 + ($1000/person-rem X 1.17 person-ren)
= $15, 900

Because the objective is to mnimze M, the |ower value of Mfor the
first option indicates that shielding should not be provided. Note, however,
that the values of Mfor both options are relatively simlar; therefore,
slight variations in the assunptions could affect the decision. In fact,
other cost considerations, such as the resale value of the bricks or the
val ue of having the lead bricks in stock after the work is conpleted, could
render Qotion 2 as optimal.

ne factor not considered thus far is the existence of dose limts. |f
the shield were not constructed, the four workers woul d receive a total of
14.4 rem or 3.6 remeach. Mny facilities have quarterly admnistrative
limts that are lower than this value. If this were the case in this
exanpl e, the cost associated wth exceeding a quarterly admnistrative limt

woul d likely outweigh all other costs and woul d require that shielding be
provi ded.

3.5.2 Exanple 2

The next exanpl e denonstrates the use of optimzation to determne the
optimal shielding thickness assumng that variable shielding thicknesses are
aval 1abl e.
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In this exanple, al assunptions from Exanple 1 apply except that vari-
abl e shiel ding thicknesses are available in 1/4" increnents up to 2" (greater
than 2" is not practicabl e because of stress lintations). The cost of the
shielding is $6000 per inch of thickness. The cost of providing support
naterial is $2000 regardl ess of the shielding thickness. The optimzation
nethod for this exanple is simlar to the method used in Exanple 1.  Each
avai | abl e thickness of shielding is treated as a separate dose reduction
option and a value for M is calculated. The thickness having the |owest M
val ue is the opti mumthickness. Athough this problemcould be solved using
differential equations, as described in | CRP Publication 37 (ICRP 1983),
differential cost-benefit analysis is difficult to apply to many appl ications
of optimzation. The approach used here is consistent wth the genera
cost-benefit principles described in ICRP 37 and can be used for nost
appl i cati ons where nmore than one radiation protection option is available.
The results are provided in Table 3.1

Table 3.1 indicates that the optimal shielding thickness, based on the
conditions described for this exanple, is 0.75 in. Note that with this
shielding, the four workers (and the two shielding installers) would each
receive less than one remduring the eight-week period; therefore, adm nis-
trative limts would not be exceeded at nost facilities.

TABLE 3.1  Results of Analysis to Determne Qptinal
Shi el ding Thi ckness for Exanple 2

Lead a+ B

Thi ckness ($/ person-

_(in) X($) ren) Sren _M($)
0 0 1,000 14.4 14,400
0.25 4,220 1,000 10.1 14,300
0.50 5,720 1,000 6. 78 12,500
0.75 7,220 1,000 4.66 11,900
1.00 8,720 1,000 3.27 12,000
1.25 10,220 1,000 2.38 12,600
1.50 11,720 1,000 180 13,500
1.75 13,220 1,000 1.42 14,600
2.00 14,720 1,000 1.17 15,900



The data in Table 3.1 areillustrated in Figure 3.1.  The figure
IlTustrates the relationship between the cost of the shielding, the reduction
in doses associated with the shielding, and the optinmal shielding thickness.
The optimal thickness is that thickness where the net cost including the cost
associated with the potential health effects is the |owest.
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FIGRE 31 Cost and Dose Versus Shielding Thickness for Exanple 2

353 Exanple 3

I'n many cases, the relationship between cost and dose is not |inear;
that is, it my be nore costly to allow a worker who has al ready received 3
remin ayear to receive one additional remthan to allowa worker who has no
previous dose history to receive 1 rem For this exanple, the non-health-
related costs (g) of a unit of dose equival ent are assuned to increase as

i ndividual doses increase. Al11 other paraneters are the same as in
Exanpl e 2



The specific value of 8 for individual workers is assumed to |ie between
$900, the mnimumvalue for this facility, and $50, 000, the maxi num val ue
based on repl acenent costs for workers who are no |onger eligible for work in
radiation areas. For this exanple, the value of g is assumed to be propor-
tional to dose as expressed in Equation (5) :

Bi = 49,100 * Di/5 + 900 (5)

where Bi is the value of g for worker i based on the dose the worker wll
receive, and Dj is the dose the individual wll receive. Therefore, if the
work wll involve extremely small individual doses, the value of gi wll be
about $900 per person-rem the mninmum val ue based on the inportance of
personnel and public relations aspects of mnimzing collective dose at this
facility. For work involving relatively high individual doses, the val ue of
Bi wll be higher than $900 per person-rem which reflects the costs associ-
ated with allow ng workers to receive high individual doses relative to the
dose limts.

The optimzation equation in this exanple is thus

N
M=X+3 (a+8)0D, (6)
i=1
where N is the number of workers(six in this exanple), B IS the non-health-
related cost associated wth occupational dose to individual i, and Dj is the
dose that wll be received by individual i. Summation of the last term in

the equation is performed for the six individuals involved with the work.
Note that one set of values for gi and Dj wll be applied to each of the four
prinmary workers, and another set of values for gj and Dj w 11 be applied to
each of the two shielding installers. As in Exanple 2, the optimal shielding
thickness is determned by mnimzing M. The results are presented in

Tabl e 3.2

Based on Table 3.2, the optinal shielding thickness is 1.75 in. The
optimal thickness is higher than that calculated in Exanple 2 because in
Exanpl e 3, the non-heal th-rel ated costs are significant when high individual



TABLE 3.2. Results of Ana£¥3|s to Determne Qptinmal Shielding

Thi ckness for Exanple 3
Lead a B
Thi ckness ($/ per son- (SUperson ren

(in) X(%$) ren Workers Installers S (ren M)
0 0 100 36,000 900 14.4 520,000
0.25 4,220 100 24,000 4,400 10.1 230,000
0.50 5,720 100 16,000 4,400 6.78 110,000
0.75 7,220 100 11,000 4,400 4.66 52,000
1.00 8,720 100 7,200 4,400 3.27 31,000
1.25 10,220 100 5,000 4,400 2.38 22,000
1.5C 11,720 100 3,500 4,400 1.80 19,000
1.7¢ 13,220 100 2,600 4,400 1.42 18,000
2.00 14,720 100 2,000 4,400 1.17 19,000

doses are involved. In many cases, these costs may be high enough so that
the val ue assigned to the health-related costs of a person-rem(the objective
heal th detrinent) is relatively uninportant. Mivian and Donnelly (1986)

have denonstrated that the objective health detrinment is rarely a decisive
influence in optimzation anal yses.

3.5.4 Sensitivity Anal yses

The results of the optimzation exanpl es denonstrated above woul d be
valid if the variables were known with certainty. However, this is rarely
the case; nmany variables can only be assumed and cannot be eval uated wth
certainty. In optimzation anal yses, sensitivity analyses of the uncertain
variabl es are essential in determning the degree to which the sol ution
depends on the val ues assigned to the variables. Table 3.3 belowlists the
results of Exanple 3 if certain variables are varied.

The underlined values in Table 3.3 indicate the optinal shielding
thi ckness for each variation fromthe initial conditions. For nost cases,
between 15 in. and 2 in. of lead is optimum Therefore, for Exanple 3,
using 1.75 in. of lead to shield the workers would be justified by optim za-
tion anal yses.



TABLE 3.3. M Value(in $k) for Exanple 3 Based on Variations
fromthe Initial Conditions

Vari at ion _ ,
fromlinitial Lead Thi ckness (in.)

Condi ti on O 025 05 07 100 125 15 175 2.00
No variation 520 230 110 52 31 22 19 18 19
a = 100 540 240 110 57 33 24 21 20 20
Pmax = 110 54 30 19 15 14 15 15 16
10,000(a)

Job duration
= 4 weeks 130 66 35 22 17 16 16 17 18

Dose rate(no
shi el di ng)
= 10 mrem/nh 240 110 53 30 21 18 17 17 19

Shi el di ng cost
= $2000/in. 520 230 100 49 27 17 13 11 1

Instal lation
time = 10
h/worker 520 230 100 50 28 19 16 16 17

(@ The maximuimval ue of g is $10,000/person-rem rather than $50, 0001
person-rem  See the discussion associated with Equation (5.

3.5.5 Oher Exanpl es

Optimzation can be used at both the design and operational stages of a
facility. A the design stage, the design of work areas, ventilation
systens, radwaste storage areas, and so forth, can all benefit fromoptim za-
tion analyses. At the operational stage, radiation protection practices
desi gned to reduce occupational exposures bel ow applicable limts and
gui del i nes shoul d be optimzed to ensure that the dose reductions are reason-
able. In addition, radiation protection practices and prograns such as
bi oassay neasurements, instrument cal i brations, workplace air nonitoring,
contamnation control, and equi pment maintenance can benefit to sone degree
fromoptimzation. However, in these cases, the relationship between cost
and occupational dose is not always known, and relying on establ i shed




guidelines and standards may be more beneficial than applying rigorous
optimization analyses.
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SECTION 4.0

SETTING AND EVALUATING ALARA COALS



4.0 SETTING AND EVALUATI NG ALARA GQALS

In principle, ALARA is the goal and other goal s shoul d not be necessary.
In practice, however, subtler goals are required to assist in assuring that
the primary goal, ALARA, is achieved. Coals for the ALARA programshoul d he
established at the outset of the ALARA programand re-established periodi-
cal 1y thereafter. Typically, goals are established and achi evement is
eval uated at |east annually. The goals should be related to specific char-
acteristics of operations or prograns and shoul d correspond to real probl ens.
Setting practical ALARA goals depends on how well the ALARA programis under-
stood and can be characterized. Section 4.0 discusses the different types of
ALARA goal s, methods for achieving the goals, and the periodic eval uation of
progress towards neeting the goal s.

4.1 SETTING GCALS

Goal s shoul d be measurabl e and realistic and have one or nore clearly
defined end points. Wthout a definite end point, achieving and eval uating
goals are difficult tasks. Definite end points can prevent the scope of an
eval uation frombecomng too broad. Broad eval uations nay evolve into nerely
eval uation of goal suitabi 1ity and not goal achievement. A preestablished
means of achievenent is desirable, although not a requirenent.

Determning real istic goals is best acconplished by a team including
representatives fromoperations, engineering managenent, and radiation pro-
tection. Specifically, personnel responsible for the ALARA program (e.g.,
the ALARA coordinator, the ALARA commttee, and operational health physics
staff) and personnel closest to the facility operations (e.g., workers and
first-Tine supervi sors) are essenti al to the process. These persons have the
greatest effect on the success of the ALARA programand the attainment of its
goals.  Upper managenent support for setting ALARA goal s and working toward
neeting the goals is also required

4.1.1 Types of (oals

Goal s are based on quantitative or qualitative measures, and may or nay
not be related to dose received. Reducing person-remby a specific amount
within a specific tine period is an exanple of a quantitative, dose-related
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goal. Increasing staff awareness of the inportance of the ALARA program by
creating an internal ALARA conmunications network is an exanple of a qualita-
tive non-dose-related goal, which nay indirectly reduce personnel exposure.
For exanple, this could |ead to suggestions for changes to acconplish dose
reducti on.

Quantitative (oal s

Quantitative goal s can be dose-related or non-dose-related. Dose-
related quantitative goals are based on and involve a specific reduction
(e.g., percentage or nunber) in the neasures listed bel ow

» average individual effective dose equivalent for penetrating dose
to the whol e body

« average individual annual effective dose equivalent for intakes of
radi oactive nateria

o average effective dose equivalent by radiation type

e ratio of doses fromdifferent types of radiation

e average individual coomtted effective dose equival ent
e nunber of workers with neasurabl e internal depositions
o specific organ doses fromexternal or internal sources
o statistical distribution of nean individual dose

o col lective penetrating effective dose equivalent to the whol e
body (a)

e collective effective dose equivalent to conplete a given repetitive
t ask

» average individual effective dose equivalent by job
classification(a)

 average individual effective dose equivalent by |ocation(a)

« average individual effective dose equival ent by task. (a)

(@ Gan also be used as arate, i.e., collective effective dose equival ent
per hour worked.
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Mainy activities and actions that ultinately affect the received radi-
ation dose are not directly measurable using dose. These activities and
actions, although not directly dose related, are inportant to an ALARA
programand may result in significant dose reductions. Consequent!y, non-
dose-rel at ed measures should be included in the goal s established for the
ALARA program  Typical measures on which non-dose-related quantitative goal s
are based are listed bel ow

e sSize of radiation area
e size of contamnated area

e arborne-radioactivity hazard index (product of the airborne radio-
active material concentration in aroom the volume of the room
and the relative radiotoxicity of the naterial)

nunber of days a positive air concentration is detected
e nunber of persons exceedi ng administrati ve dose levels
e production per unit exposure
frequency of radiation protection and/or ALARA training
o hours of radiation protection and/or ALARA training
o frequency of prejob briefings
o frequency of ski 11 practices and use of mockups
nunber of hours workers spend wearing respiratory protection

This list nay not be entirely applicable to, or conplete for, al facilities.
A exanpl e of a non-dose-related quantitative goal is a 25%reduction in the
size of contamnated area within a facility.

Qualitative Goal s

Al rmeasures previously listed for dose-related- and non-dose-rel at ed-'
quantitative goals are applicable to qualitative goals. However, qualitative
goal s do not specify a specific percentage or nunber reduction associ ated
wth a goal. Qualitative goals can also be admnistrative, such as estab-
Tishing an ALARA suggestion programw th awards (Dionne and Baum 1985);
making first-line supervisors nore visible in radiologically controlled areas



(McArthur et a. 1984); revising radiation work procedures or training proce-
dures; or establ ishing a conputer-based systemfor tracking personnel doses,
area radiation | evel s, and contam nation levels for high-exposure jobs.

4.1.2 Devel oping Realistic Goals

Realistic and neasurabl e goal s nust be devel oped careful ly, wth
significant consideration given to the interpretation of results when
obtained. As stated previously, goals can be based on quantitative or quali-
tative neasures. Quantitative goals are usually nore precise and nore
realistic. However, sonme ALARA program areas such as organization and train-
ing are not neaningful ly represented by nunbers or amounts and need to bhe
addressed using qualitative goals. Qualitative goals are nore subjective and
require nore careful |y defined goal statements and nore descriptors to neas-
ure the goal end point.

The availability of useful data nust be considered when establishing
ALARA goals. For exanple, nost dosinmetry prograns have been devel oped to
neet federal and state regulations. These regul ations specify maxi num
limts, which can be an order of magnitude or nore higher than the doses
relevant to ALARA  Wen establishing an ALARA goal based on personnel
exposure, the facility's dosimetry programnust be able to reliably neasure
dose in the range of the goal. Factors influencing reliabi lity are the
detection capability of equipnent, precision of measurenents, and accuracy
of neasurenents.

Goal s devel oped for established facilities should be nore quantitative
because a data base of personnel exposure data, radiation and contamnation
surveys, air sanpling data, and skin contamnation surveys wll be available
to use as a basis for goal developnent. Newfacilities with no personnel
exposure data or plant radiological condition data wll have to base their
goal s on preoperational ALARA reviews and past experiences at simlar types
of plants. These goals wll likely be based more on qualitative neasures.

As previously stated, goal devel opnent is best acconplished as a team
effort including representatives fromoperations, engi neering managenent, and
radiation protection. Depending on the size of the facility, goals could be
devel oped for the facility as a whole or for individual departments or



processes Within the facility. Representatives fromoperations, engineering

managenent, and radiation protection who are responsible for goal devel oprent
nust seek ideas from managenent, peers, and subordinates to all ow everyone to
have input into the goal -setting process.

Est abl i shed Facilities

A operating facility can base ALARA goals on infornation obtained from
the fol Tow ng sources:

o trend analysis of the dose-related and non-dose-rel ated neasures
discussed in Section 411 (e.g., nean individual effective dose
equi val ent for penetrating dose to the whol e body)

o job-specific dose estinates
o experiences at asimlar type of facility

e reviews of admnistrative aspects of the radiation protection and
ALARA prograns

e reviews of the training prograns for the ALARA and radiation pro-
tection prograns.

The above sources are nore fully discussed.

Trend anal ysis of dose-related and non-dose-rel ated infornation shoul d
take place over a specific tine period (e.g., tine since |ast ALARA goal s
were devel oped to the present) to identify potential areas of concern
Quantitative or qualitative information can be used in trend analysis. Ar
sanpling data is traditionally anenable to trend anal ysis, as are personne
exposures. Reliability data and contamnation data are al so suitabl e sources
of quantitative trend information. Qualitatively, occurrence reports and
facility profiles can support trend reviews. The frequency and severity of
occurrences can indicate specific operations that nust be nore careful ly
controlled. Correlations between facility equi pment and types of occurrences
point out possible trends that should be constantly reviewed. Such correla-
tions are particularly inportant because they affect faci 1ity design, an area
where specific designs and their inpacts on operations can only be estinated.

Mahathy, Bailey, and Lay (1984) wused trend analysis to identify
significant sources of exposure by 1) review ng radiation incident reports,



2) preparing and anal yzing control charts for department and individual
exposures, 3) statistical regression analysis of monitoring data, and

4) review ng individual enployee doses to identify enpl oyees with nonrandom
occurrences of higher than average doses. Based on this analysis, the

fol lowing three qualitative goals were devel oped: 1) reduce enpl oyee beta
exposures at two specific locations, 2) reduce the nunber of enployees
exceeding their established plant action level for skin dose, and 3) reduce
the nunber of reported gross al pha air concentrations exceeding a certain
limt at two specific |ocations.

Trend anal ysis can be assisted by the use of conputer data base systens
for maintaining individual personnel records, col lecti ve dose records, dose
records by worker type, dose records by job |ocations, skin contam nation
events, airborne radiation |evels, and others as identified in Courtney et
a. (1984), Stansbury (1984), Paine and Hi 1 (1984), and CGentile, Mele, and
ol | opy (1984).

Buchanan (1979) presented an interesting appl ication for trend anal ysis
of the effective dose equival ent which is expressed as a rate(i .e., effec-
tive dose equival ent per hour worked). This permts direct conparisons to be
nmade anong workers on the same task and for different iterations of the sane
task. Thus, "unsafe" or "un-ALARA" workers and tasks can be identified and
appropriate goal s and dose reduction controls instituted. Simlarly, the
use of a collective effective dose equival ent per hour worked (or per hour
worked in radiation zones) is a nore valid index of trends than nerely the
col Tective effective dose equivalent. Thus, this neasure may provide certain
information and insights not easily attained with other neasures.

I nfornation based on job-specific dose estimates can forma basis for
devel oping optimal dose control and, potentially, ALARA goals. As part of
the radiation work procedures and ALARA reviews before starting a job, nost
facilities performestinates of the total collective dose to the worker for
conpleting ajob. Based on this estimte, ALARA goals can be devel oped
(e.g., conplete the job with 10%less than the estinmated col | ective effective
dose). The validity of this type of goal is highly dependent on the dose
estimate cal culation. If the estimate is unreal istical ly conservative,



achieving the goal wll have little neaning. The nore realistic the
estimate, the better the goal .

The ALARA goal s can al so bhe based on experiences at simlar types of
facilities. For exanple, if Facility A had an excessive nunber of skin
contamnations during a certain operation, Facility Bwth a simlar opera-
tion mght establish a goal to reduce skin contamnations to a certain per-
centage |ower than that of Faci lity A

Reviews of the radiation protection, ALARA and training organizations
can be used to identify specific ALARA goals. Qualitative non-dose-related
goal s woul d 1ikely be devel oped fromthese reviews (e.g., upgrade the ALARA
training for radiation workers).

New Facilities

ALARA goal s for a newfacility could be based on job-specific dose
estinmates and past experiences at simlar types of facilities, as discussed
above for established facilities. The ALARA reviews during the design phase
and a preopertional reviewof the conpleted facility are also useful in
devel oping ALARA goal s. Qeene (1987) describes a preoperational ALARA
review of the Shearon Harris nuclear power plant. The reviewtook a year to
conpl ete and was done by a corporate health physicist and an outside radio-
| ogi cal engineer with support fromoperations and maintenance personnel at
the facility as necessary. Detailed checklists of ALARA itens were conpleted
for each roomor operating area. In addition, photographs of the roons were
taken for historical reference and indexed for future use. The review
reveal ed several inadequately shielded areas. The goal was devel oped to
remedy this situation, and the areas were nodified prior to startup. There-
fore, the preoperational reviewwas and can be used as a tool to devel op
ALARA goal s.

4.2 MTHDS FR ACH EVING GOALS

As previously stated, upper nanagenent of a faci 1ity must support the
devel opment and efforts to meet ALARA goals. To achi eve goal s, the ALARA
staff nust have the financial backing of managenent to purchase equi pment and
supplies or to hire additional staff needed to achieve goals. Methods for
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achieving goals(i .e., engineering and design changes, admnistrative
changes, and radiation measurenents) are discussed in this section.

4.2.1 Engineering and Design

Many ALARA goal s can be net with engineering and design changes such as
addi tional shielding, use of robotics, or equipment relocation. Mahathy,
Bai | ey, and Lay (1984) established an ALARA goal to reduce enpl oyee beta
exposures at two locations in a gaseous diffusion plant. One specific act
acconpl i shed to neet this goal was to use netal plugs to close openings in
the UFg transfer systemthat shielded workers frombeta exposure. The val ue
of robotics in dose reduction is described in Wite et a. (1984) and Baum
and Matthews (1985).  Baum and Matthews al so provide information on reducing

dose hy relocating equi pment (e.g., remote readout near a pressurized-water
reactor (PR sed).

4.2.2 Admnistrative Mdels

Adm ni strative nethods can be used to achieve opti mzation of radiation
dose control; for exanple, revising radiation work procedures, conducting
nore detailed pre-job briefings, using dry runs with "col d" systens, and
usi ng phot ogr aphi ¢ techni ques and video tapes in the prejob briefing.
Mahathy, Bailey, and Lay (1984) identified the followng two admnistrative
neans to attain their goals: 1) retain discarded UFg drain and fi 11 1ines
for a 6-nonth period to allow decay of 238y daughter-product activity before
cleaning and salvaging these itens and 2 use tinme and distance to mnimze
personnel exposures to open surfaces of solution containing urani um daughter
products or to solid material deposits arising fromthese sol utions.

Coon (1984) described an admnistrative nethod to reduce doses to
wor kers who naintain val ves and conponents in high-radiation areas of nucl ear
pover plants. A map showing valve locations is provided at the entry to the
high-radiation area. Each valve is tagged with a highly-visible colored tag
wi th the correspondi ng col or al so shown on the map. Thus, workers can
readily identify the valve they wll be working on as they enter the room
Prelimnary tests of valve tagging and nap systemindicated that time for
finding val ves was reduced by 90%, which wll in turn reduce dose to
personnel. Dodd and Parry (1984) discussed establ i shing a programfor
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phot ographi ng hi gh-radiation areas to identify radiation sources and equi p-
ment so that workers are famliar with key areas prior to entry. Baumand
Matthews (1985) discussed a renot e-phot ography method for PWR st eam gener at or
t ube- pl uggi ng i nspecti on.

4.2.3 Radiation Measurenents

ALARA goal s can be achieved by proper use of radiation neasurenents.
Mahathy, Bailey, and Lay (1984) used beta-sensitive radiation alarm devices
to increase worker awareness of beta sources in order to reduce personnel
beta exposures. Hadlock (1981) described a programthat characterized back-
ground radiation at selected faci 1ities using thermol umnescent dosimeters
(TLDs). This programwas established to assist in neeting an ALARA goal of
no annual personnel whol e-body penetrating exposures over 3 rem Areas of
hi gh background radiation identified during the programwere then eval uat ed
based on worker tine in the area to deternmine if additional shielding or
decontam nation were needed. Q her measuring devices, such as pocket dosim
eters that alarmat preset dose rates and/or doses, and telemetering devices

nay al so be used to alert workers and nanagement to potential dose reduction
actions.

4.3 EVALUATING GOALS

A ALARA program shoul d be eval uated in terns of achievenment of goals.
In general, goal s should be eval uated annual ly. However, certain goal s need
to be evaluated nore frequently. For exanple, if an ALARA goal is specific
to a short-duration hi gh-exposure job, the goal should be evaluated at the
conpl etion of the job. In addition to periodic evaluation of ALARA goals,
the entire ALARA programincluding organi zation and training should be eval u-
ated annually. This evaluation was discussed in Section 2.2

Eval uation of the goal s shoul d be conducted by individual s who have
direct responsibility for inplenmenting the ALARA program (e.g., ALARA
coordinator, ALARA conmttee, radiation protection staff). The neans by
whi ch establ i shed goal s are measured and assessed is critical to their
useful ness both in providing direction to the programand in eval uating
program performance. Various techni ques use dose-rel ated and non-dose-
related measures as indicators of progress towards ALARA goal s.
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4.3.1 Evaluating Goal s Wsing Dose-Rel at ed Measures

The sinpl est and probably the nost conmon index or neasure for eval uat-
ing ALARA goals is the average individual effective dose equivalent, which is
sinply the total effective dose equivalent for al exposed personnel divided
by the nunber of persons exposed. As indicated in Section 4.1.1, a variety
of average individual doses or effective dose equivalents can be determined
and conpared fromyear to year. However, the average individual effective
dose equival ent should be interpreted with caution. The size of the popul a-
tion can be diluted by including workers with a | ow exposure potential, such
as admnistrative and stockroom personnel . Average individual dose can be
distorted by one or a fewextraordinarily high exposures. |n addition, the
col l ective dose for the activity could increase while the average dose was
reduced. Both individual and collective effective dose equival ent shoul d be
eval uated. Thus, although a useful ALARA neasure, particularly for trend
anal ysi s, the average individual effective dose equival ent nust be properly
appl ied and interpreted.

The average individual effective dose should be used together wth other
neasures of central tendency, such as the nedian, and with distributive
neasures, such as the variance or standard deviation. The standard deviation
is particularly valuable in evaluating trends or in conparing neans fromyear
toyear. Tests of significance such as the t-test and the y2(Natrel |a 1966)
shoul d be used to ensure that conparisons are valid. Another useful way to
use the average individual effective dose equivalent is to determ ne and
evaluate ratios for different types of radiation or exposure. Chserving the
photon:neutron dose ratio, for exanple, can provide inportant information on
speci fic exposure control situations and hel p indicate where additional dose
reduction can occur.

Eval uating effective dose equivalent by job category and by type of work
performed may be nost revealing fromthe standpoint of ALARA goal achieve-
nent. The distribution of effective dose equivalent by job classification
and/or task can be used not only to determne potential problemareas (ie.,
to devel op ALARA goals) but also to nore precisely measure progress towards
meeting goals. Evaluating effective dose equival ent distribution by job



category or admnistrative conponent nay al so be effective in identifying
ALARA opportunities.

The | ogical extension to eval uating effective dose equival ent by job
category is to evaluate the incurred effective dose equival ent by specific
job task. For exanple, changing a light bulb over a pool type of reactor may
be a high-dose task because of the location of the bulb or the manner in
which the task is done. By reexamning the task, perhaps on a time-notion
basis with the additional dimension of dose, the dose incurred while per-
formng the task could be significantly reduced. Mrely |ooking at dose by
job category mght not reveal that electricians who performthis task receive
mich of their exposure fromthis one task, and this could lead to the
erroneous conclusion that the effective dose equival ent received hy el ec-
tricians was ALARA

Thus far, discussion has been limted to measures of individual effec-
tive dose equivalent (i .e., the effective dose equivalent to individuas).
Because the basis for ALARA is mnimzation of potential health effects,
which are in turn related to collective effective dose equival ent, sone nay
feel that ALARA should more properly consider only collective effective dose
equi val ent. However, because the col |l ective effective dose is the sumof all
the individual effective doses in the group being considered, optimzation of
the individual doses should be an appropriate activity for ALARA in addition
to assuring maintaining doses bel owregulatory 1imts.

4.3.2 Evaluating Goals Wsing Non-Dose-Related Measures

QG her practical ALARA neasures are not based on the dose incurred,

al though they nmay be related to it and indicate the potential for exposure.

A useful but often overlooked non-dose-related neasure is the size -- that
I's, the actual physical area -- of a radiation zone. This nmeasure can be an
index of control because, in general, the snaller the radiation zone, the
greater will be the attenpt to reduce effective dose equival ent rates through
engi neering means. The area, in units of square neters or square feet of
floor space, can be multiplied by the mean, effective dose equival ent rate or
boundary effective dose equivalent rate to obtain a useful value for com-
pari son and trend analysis. Areas in which unfixed (100se) contam nation
exists can be quantified in an anal ogous nanner. These neasures nmay reveal
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a great deal about the operational inplementation of ALARA principles.
However, this approach has limtations in that an extremely snall area wth
a very high dose rate(or a large area wth a very |ow dose rate) mght be
m srepresented by the nunerical val ue obtained.

The product of air concentration and air volume is another non-dose
related ALARA neasure. It is dinensionally expressed in units of activity
and is sinply a neasure of how nuch radioactive naterial is airborne at a
given tine. Thus, it is a highly useful measure of potential internal hazard
and provides the neans to assess ALARA aspects of internal exposure. This
nmeasure can be refined by considering the relative radiotoxicity of the
radi onucl i des as discussed in International Atomc Energy Agency (I AEA
Safety Series No. 7(19J). A airborne-radioactivity hazard index (ARH) is
expressed by

ARH =D _CiV t4 (4.1)

where G is airborne radioactivity concentration fromnuclide i, v is room
volunme, and ti is relative radiotoxicity of nuclidei. The index can be
further extended by factoring in the nunber of people exposed and the tine of
exposur e.

Progress towards ALARA goal s can al so be neasured in terns of the radio-
active material released to radiologically uncontrolled areas. This neasure
can be expressed not only in terns of total activity but also in terns of
specific nuclides and their forns. A release index that includes the quan-
tity and relative hazard of the nuclides rel eased can assist in appraising
the degree of ALARA goal achievenent. Athough activity and dose are
related, the ultimate test should be based on the collective effective dose
equi val ent delivered to the workers at risk.

In addition, other neasures indirectly related to dose can be used to
gauge the success of meeting ALARA goals. For exanple, a conputer program
can track the nunber and frequency of persons receiving nore than a specified
admnistrative dose level over a period of tine (e.g., 200 mrem/month Or
500 mrem/quarter). As previously stated, Courtney et al. (1984), Stansbury
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(1984), Paine and Hall (1984), and Gentile, Mele, and Col | opy (1984) provide
exanpl es of conputer prograns that can track such dose infornation.

Wen eval uating goal s based on qualitative neasures (e.g., revising the
ALARA training progran), it is necessary to define the actions that were
taken to achieve the ALARA goal. It is difficult to determne the val ue of
the actions except that action indicates effort. This type of effort pro-
vides a neans for program devel opnent and is part of an integrated ALARA
effort that enconpasses all areas of health physics and managenent.

Final |y, production per unit effective dose equivalent incurred nay be a
useful index of ALARA This nmeasure inherently takes into account changes in
nunbers and types of both personnel and operations. [f productionis
quantifiable in units of product produced, this neasure wll be quantitative;
however, production nay also be quantified in terns of hours worked or work

acconpl i shed.
4.3.3 Sunmary

In summary, the quantitative or qualitative measures discussed in Sec-
tion 4.1.1 can be used for evaluating ALARA goals. Not all of these neasures
wll be applicable at al facilities, and the list could easily be expanded
based on the characteristics and prograns of a particular facility. However,
as amnimm it is proposed that the fol |l ow ng neasures be used to eval uate
goals for al facilities, supplenented by others on the basis of need:

o col lective effective dose equival ent

« average individual effective dose equival ent

« average individual effective dose equivalent by job classification
e average individual effective dose equivalent by |ocation.

o statistical distribution of average individual dose

e production per unit exposure.

4.4 REFERENCES

Baum, J. W, and G R Matthews. 1985. Conpendi umof Cost-Effectiveness
Eval uations of Mdifications for Dose Reduction ai Nuclear Power PIants.
NUREG/CR-4373, US NUCl€ar Regulatory Comm sSion, vashington, OC




Buchanan, H. F. 1979. Health Physics Society Newsletter. vii(g):2.

Coon, K. 1984. "ALARA Valve/Component Locating Program." Radiation Protec-
tion Management. 1(4):86-88.

Courtney, J. C, K. R. Ferguson, D. L. Chesnovar, and M. F. Huebner. 1984.
"Exposure Management in a Hot-Cell Decontamination and Refurbishment
campaign. " In Computer Applications in Health Physics, Proceedings of the
Seventeenth Midyear Topical Symposium of the Health Physic Society, eds.

R. L. Kathren, D. P. Higby, and M. A. McKinney, pp. 1.43-1.53. Columbia
Chapter of the Health Physics Society, Richland, Washington.

Dionne, B. J., and J. W. Baum. 1985. Occupational Dose Reduction and ALARA
at Nuclear Power Plants: Study on High-Dose Jobs, Radwaste Handling, and
ALARA Incentives. NUREG/CR-4254, U.S. Nuclear Regulatory Commission,
Washington, D.C.

Dodd, A. M, and J. 0. Parry. 1984. "Photographic Program of a BAR for
ALARA" In Computer Applications in Health Physics, Proceedings of the
Seventeenth Midyear Topical Symposium of the Health Physic Society, eds.

R. L. Kathren, D. P. Higby, and M. A. McKinney, pp. 7.109-7.115. Columbia
Chapter of the Health Physics Society, Richland, Washington.

Gentile, C. A, M L. Miele, and P. Collopy. 1984. "Applications of a
Computerized ALARA Tracking System at a Commercial Nuclear Power Station."
In Computer Applications in Health Physics, Proceedings of the Seventeenth
Midyear Topical Symposium of the Health Physic Society, eds. R L. Kathren,
D. P. Higby, and M. A. McKinney, pp. 7.147-7.149. Columbia Chapter of the
Health Physics Society, Richland, Washington.

Green, D. W. 1987. "Preoperational ALARA Walk-Down at the Shearon Harris
Nuclear Power Plant." Radiation Protection Management. 4(3):25-30.

Hadlock, D. E. 1981. ALARA Dosimetry Study for Non-Productive Radiation
Exposures in Pacific Northwest Laboratory Facilities. PNL-3834, Pacific
Northwest Laboratory, Richland, Washington.

International Atomic Energy Agency (IAEA). 1961. Regulations for the Safe
Transport of Radioactive Materials. Notes on Certain Aspects of the Regul-
ations. Safety Series No. 7, IAEA, Vienna, Austria.

Mahathy, J. M, J. C. Bailey, and R. S. Lay. 1984. "ALARA at a Low-Exposure
Facility." Radiation Protection Management. 1(4):49-56.

McArthur, W. C, B. G. Kniazewycz, R. L. Anderson, F. J. Puleo, and D. Y.
Bird. 1984. "ALARA: Working Level to Management--An Update.” Radiation
Protection Management. 1(2):15-24.

Natrella, M. G. 1966. Experimental Statistics. National Bureau of Stan-
dards Handbook 91, US. Department of Commerce, Washington, D.C.




Paine, D, and C. J. Hall. 1984. "Computer and Computer Graphics Support
forthe ALARA Program. " |n Computer Applications in Health'Physics, Pro-
ceedings of the Seventeenth Midyear Topical Symposium of the Health Physic
Society, eds. R. K Kathren, D. P. Higby, and M. A McKinney, p. 7.190.
Columbia Chapter of the Health Physics Society, Richland, Washington.

Stansbury, P. S. 1984. 'REMTRAC—A Database Management Component of an
ALARA Program. " In Computer Applications in Health Physics, Proceedings of
the Seventeenth Midyear Topical Symposium of the Health Physics Society,
eds. R. L. Kathren, D. P. Higby, and M. A. McKinney, pp. 7.101-7.108.
Columbia Chapter of the Health Physics Society, Richland, Washington.

White, J. R, R. E Eversole, K. A Farnstrom, H W. Harvey, and H L.
Martin.  1984. Evaluation of Robotic Inspection Systems at Nuclear Power
Plants. NUREG/CR-3717, US. Nuclear Regulatory Commission, Washington,
D.C.

4.15



SECTIONS.0

RADIOLOGICAL DESIGN



5.0 RADIGLOA CAL DESI GN

The basic design criteria for ALARA is the optimzation concept itself.
If ALARA(optimzation) is inplenented throughout the design of a facility,
no other radiation protection design criteria should be required beyond that
necessary to keep exposures below the regulatory limts. The design criteria
di scussed bel ow are no different than those required for good radiation
protection design. Selected criteria are included here to enphasize the
I nportance of the design function in achieving optim zation of radiation
exposure ALARA  Because a conprehensive treatment of radiol ogical design is
beyond the scope of this nmanual, an extensive bibliography has been included
at the end of this chapter.

Radi ol ogi cal design refers to the specific set of features planned for
a facility because of the anticipated presence of radioactive material or
radi ation-generating devices, and implies the planning and devel opnent of
an idea in contrast to the actual construction and operation of a facility.
Although the terns "faci 1ity design" and "radiol ogi cal engineering" are often
used interchangeably with radiol ogical design, in this manual the follow ng
definitions apply. Facility design refers to a plan for a building or
instal 1ation as a whol e, and thus includes nonradiol ogical as well as
radiol ogi cal design features. Radiological engineering includes review of
the inplenentation of the radiological design(the actual construction) and
can al so be used in a broader context to include design. The objectives
presented in this chapter involve the radiological design of newfacilities
and the nodification of existing facilities.

Qptimzation of radiation exposure should be considered as early as the
designing of buildings that will contain radiation. |f the potential for
radiation exposure is considered early in designing a newfacility, the
effort required to ensure ALARA once the facility goes into operation can
be mnimzed. Once a facility is built, changes in shielding or facility
layout are difficult to acconplish and often cannot bring about the desired
dose equival ent rates wthout considerabl e added cost and |oss of usable
work space. In many cases, modifying existing facilities presents a major
chal | enge to the radiological engineer, because the need to avoid inpact on
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exi sting programs may restrict the nunber of options available. Therefore,
the design of shielding and work spaces for newfacilities should permt the
later instal lation of additional shielding to accomodate anticipated

i ncreases in workload.

Thi s chapter discusses design review responsibi lities, first in new
facilities(including design criteria and devel opment, building |ayout,
net hods of contamnation control and venti lation, waste removal systens, and
designing to account for abnormal conditions). Then, the design review
criteriafor modifying existing faci 1ities are covered.

51 DESIGN REVIEW RESPONSIBILITIES [N NEW FAC LITI ES

To neet satisfactory ALARA design objectives, it is necessary to closely
integrate the various disciplines responsible for a new building. Wen
planning for a newbuilding is initiated, a design reviewteamconposed of
special ists in engineering, maintenance, operations, and safety (including
ALARA) nust be assenbl ed to ensure the continuity of design and enable the
free and open discussion of plans and needs. The primary function of this
team however, is to reviewand verify the adequacy of the design. The team
needs to establish that the scope of the work to be perfornmed is as defined
in terns of work purpose, proposed inventories, and expected building life

Specific attention to radiation protection design features should be
evident in the plans. A well-devel oped design shoul d mninize conflicts
between the safety features and the operations and naintenance. Represent a-
tives frommaintenance as well as process or research operations shoul d
eval uate the design's efficiency and the adequacy of the planned equi pnent
and processes, fromthe standpoints of production and radiation control.

The radiation protection and/or ALARA representative(s) shoul d be
qualified to provide an overall reviewof the facility design and shoul d
eval uate and approve the conpl eteness of the designed safeguards, including
redundancy, fai 1-safe features, interlocks, and alarns. They should al so
assess and approve the features of the design to assure provision of an ALARA
working environnent. The radiation protection and/or ALARA representative(s)
shoul d, as a mninum performthe followi ng tasks in reviewng facility
desi gns:
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1. Reviewthe general faci 1ity layout, considering traffic patterns,
radi ation zoni ng, change room location and size, adequacy of personne
decontamnation facilities, location of fixed survey equi pnent, and
provision of adequate space for anticipated maintenance needs.

2. Verify that design criteria are consistent with recognized standards and
gui des and with applicabl e DCE gui dance for ALARA

3. Verify that the ventilation systemdesign provides the required level of
protection fromairborne contamnation with particular attention to air
flow patterns and locations of air inlets and exhausts.

4. Evaluate and confirmthe adequacy of plans for control 1ing effluents and
wastes, to ensure that releases to the environment are ALARA

5 Evaluate and confirmthe adequacy of specific radiological contro
devi ces for reduci ng occupational exposures, incl udi ng hoods, gl ove
boxes, shielded cells, decontamnation areas, and renote operations.

6. Verify that shielding meets ALARA requirements, and coordinate shielding
cal culations and design to meet ALARA requirements.

7. assess the adequacy of planned radiation nonitoring and nuclear criti-
cality safety instrumentation, including considering whether the
proposed instrumentation is appropriate for the radiation types and
intensities and whether it has suitable redundancy and capabi 1ity for
operation, both under normal operating conditions and in energency
situations.

51.1 ALARA and Radioloqgical Design Oiteria

As stated previously, ALARA is optimzation. Designing to ALARA uses
the cost-benefit process of optimzation to achieve ALARA It is inportant
to maintain a separation between those concepts related to keeping radiation
exposures below limts and those aimed at optimzation or ALARA  Most
radiol ogi cal design criteria, including those discussed here, are a mx and
are inportant to both concepts.

The use of pre-established radiological design criteria has several
practical advantages. Forenost is the relative ease with which a design
engi neer can apply the criteria in developing a facility design. It is a
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relatively sinple matter, for exanple, to design a shielding systemthat wl
reduce the radiation intensity to a given fraction of the maxi numannual dose
limts. Al'so, design additions and changes nade during the design phase are
nore cost-effective than those attenpted at other tines.

US Department of Energy (DJE) 5480.11 (DCE 1988) reconmends t hat
"Radi ation exposure rates in work areas should be reduced to ALARA by proper
facility design and equipment layout." It also states that "the prinmary
neans for naintaining exposure ALARA shall be through physical controls such
as confinenment, ventilation, remote handling, and shielding."

For design criteria, DCE has issued the follow ng design objectives.
For areas that are continuously occupied, radiation areas shall not exceed
0.5 nremper hour. Exposure rates in other areas not continuously occupied
shal| be controlled by design so that potential exposures to a radiation
worker will not exceed 20% of the standards [8a(1) and (2)] listed in DCE
5480.11. For internal radiation exposure, the design objective is to avoid
inhal ation of materials during normal operating conditions to the extent
(reasonably) achi evabl e.

I ncorporating these criteria into optimzation of the design nust
i ncl ude consi deration of estinated occupancy timnes, nunber and frequency
of persons exposed, protective clothing, and col |l ective dose. Thus, addi-
tional reductions in personnel exposures(equated to benefits to personnel )
nay be warranted beyond the design criteria. D scussion on optimzation and
cost benefit is found in Section 3.0. However, application of the design
criteria presented here should result in consistent, plant-widefacility
design doses that restrict actual doses to levels significantly bel ow
appl i cabl e st andards.

5.1.2 Design Devel opnent

The assigned radiation protection group should have approval authority
over each step in the design of newfacilities. The nornal design process at
DCE contractor facilities involves the fol lowng major steps, each of which
shoul d have radiation protection review input, and approval :

« preconcept ual design

o functional design criteria
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e conceptual design

Title | = prelimnary design
e prelimnary safety analysis report or safety assessment docunent
o Title I - detailed design

o final safety analysis report or safety assessment docunent

» assessment to ensure that construction has achieved the required
safety objective(s)

o docunented operations safety requirenents
operational readiness review

During these steps, the radiation protection group can streamine its work
by looking for key features in building |ayout, ventilation, contamnation
control, and waste renoval systenms, and in built-in contingencies for
abnormal conditions. Each of these areas of concern is considered in the
fol | owi ng sections.

5.1.3 Building Layout

Building layout is an inportant factor in controlling personnel exposure
by regulating the flow of personnel and material. Proper |ayout reduces
casual or transient exposures to radiation fields by segregating heavi |y used
corridors and the work areas of nonradiation workers fromthe areas of high
radiation and contamnation exposure. The layout shoul d effectively 1imit
occupational dose to areas where the performance of an assigned task requires
sone degree of radiation exposure.

A accept abl e techni que for achieving proper building layout is to
establish a systemof sequential areas. This concept is frequently used
because it is adaptable for the physical control of external and internal
dose equivalents. In addition, the design is an excellent precursor to
pl anning and establishing operational radiological control areas.

Two najor types of areas are included in any nuclear facility: uncon-
trolled areas and control | ed-access areas[Note that each of these terns does
not have the sanme neaning as simlar terns used in DCE 5480.11 (DCE 1988)].
Uncontrol I ed areas are nornal |y places to which public access is restricted



but where direct radiation exposure is not necessary for job performance,
such as the work areas of admnistrative and nonradiol ogi cal support per-
sonnel . These areas include conference roons, file roons, clerical and other
support offices, lunch roons, and rest roons. Control 1ed-access areas are
normal |y those areas control 1ed for purposes of radiation protection. They

i nclude various building areas in which individuals nmay receive dose
equi val ents that are higher than those normal |y received by nonradiation

workers. The two types of control |ed access areas are contingent areas and
radiation areas.

Contingent areas are corridors that are adjacent to, or connect with,
areas that contain radioactive materials, change roons, energency decon-
tamnation facilities, or special offices for radiation workers. Contingent
areas shoul d contain offices only if the facility design criteriadictate
that the offices nust be near radiation areas. The primary functions of
contingent areas are to control contamnation and to isolate control |ed
areas fromuncontrolled areas. Contingent areas can provide for noderate
direct control of external doses. Radiation doses in contingent areas
resulting fromresidual radiation that penetrates the wall shielding and wall
openi ngs shoul d be subject to optimzation. Direct radiation doses in
contingent areas should result only fromthe intermttent transfer of
radi oactive materials.

Radi ation areas, the second type of controlled access area, are areas in

whi ch direct exposure to radiation can occur. There are general ly four types
of radiation areas:

« general operation and |aboratory

e process operation

e renote operation

e isolation.
Radi ation designs shoul d provide for anticipated exposure risk by including
anal ysi s of the tasks and processes that occur in these areas, the antici-
pated exposure rates for the area, and the proposed inventories of radioac-
tive mterials. Mreover, the nunbers of workers and the anount of tinme they
are expected to spend in the area shoul d be taken into consideration.
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For exanpl e, general operation and |aboratory areas consist of those
areas with small or noderate inventories of radioactive naterials. Exanples
are general radionuclide research |abs, roons containing properly shielded
x-ray diffraction and spectroscopy units, and operation areas with |ow
contam nation and | ow dose-rate potential.

Wirk in process operation areas, however, typically involves nore
radi oactive material than does work in general operation areas. Exanples of
process operation areas are glove box and hot-cell operating areas, contro
areas for high-exposure roons, and sel ected areas of accelerator facilities
where experinments with noderate dose-rate or contamnation potential cannot
be renmote-controll ed.

It is inportant in building |ayout to mnimze sinultaneous exposure
frommultipl e sources at |ocations where naintenance personnel nay be
required to work. Simlarly, individual work stations should be shiel ded
fromone another if work by one individual may expose others in the sane area
t 0 unnecessary exposure.

Functions in renote operation areas are usual |y remotely or automati-
cally controlled. Gccupancy in these areas is predomnantly for process
nonitoring or the adjustment of operations occurring in areas of high hazard
and forbidden occupancy. Exanples of this type of area are hot-cell service
and mai ntenance areas, and transfer areas where highly dispersible materials
of high-dose-rate are entered into the process systemor hot cell.

| sol ation areas include areas with high dose rates or airborne con-
tamnation level . Unauthorized and unnoni tored entry is forbidden in these
areas, and design features shal|l prevent the unauthorized entry of personnel
Al personnel are prohibited fromentering when conditions in the area
present an inmediate hazard to human life. Physical controls are required to
limt doses when these areas are occupi ed.

Wthin radiation areas, contam nation should be limted as fol | ows:

o Contamnation |evels in occupied radiation areas shoul d not exceed
establ i shed in-house standards.
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e Hgher contamnation may be allowable in isolation areas when
unaut horized entry is prohibited by physical barriers and | ocks or
I nterlocks.

e Contamnation in one area should not result frommnor or noderate
acci dents that occur in any other radiation area

Qut side radiation areas, radioactive surface contamnation shoul d not exceed
the mninumdetectabl e | evel s achievable with state-of-the-art portable
detection instrunents.

5.1.4 Contam nation Control

In facilities where unseal ed sources are used or where | oose contam na-
tion may be present, design features should be incorporated to prevent the
bui  dup and spread of contamination. One preventive neasure is to elimnate
surfaces fromwhich nateri al can be resuspended (e.g., scaffol ding, open
rafters, hanging 1ight fixtures, cable runs). O particular inportance in
design to facilitate contamnation control is the facility ventilation
system whi ch shoul d adequately diffuse the air so that resuspension is
m ni m zed.

515 \Ventilation

The fol lowing criteria should be used to design controls for limting
exposures to airborne radioactive materials:

o The annual average concentration of airborne radioactive materials
within radiation areas, at all locations normally accessible to
personnel , nust be kept ALARA

o Areas with significant concentrations of airborne radioactive
materials should be provided with physical barriers to prevent the
entry of persons who are not wearing respiratory protection

» Roomair may be recirculated if adequate filtration and monitoring
are provided. However, recirculation froman area of higher
contamnation to an area of |ower contamnation shall be
prohi bi t ed.

o Air sanpling and monitoring should be provided for the detection
and neasurenent of airborne radioactive naterial



Under abnornal operating conditions, a ventilation systemshould be a
maj or means for control 1ing internal radiation doses in occupied areas. The
primary radiological function of a ventilation systemis to reduce the
internal depositions resulting fromabnormal conditions or fromaccidents
that generate airborne radioactive materi als outsi de nornal containment.
Thus, venti lation Systens have two tasks: to direct airborne contam nation
anay from personnel and to provide an adequate nethod to recontain any
ai rborne radioactive materials that are accidental ly released. Key venti la-
tion systens in a radiological facility nust be provided with energency power
to assure continued operation when nornal power is |ost.

To attain these objectives, ventilation systens nust have two essential
features: 1) appropriate pressure differential between different areas and
the outside and 2) high-efficiency particulate air (HEPA) filtration.

A systemof pressure differential should be used to govern the flow of
any airborne radioactive naterial that escapes containment. Simlar areas do
not always require identical venti 1ation characteristics, especial |y pressure
differential and fi 1tration. Ventilation design criteria need to acconmodate
a neasure of flexibility, as this is essential for localizing and containing
radi oactive aerosol s.

Isol ation areas shal | always have the |east pressure in afacility
(relative to the outside atnosphere). A recommended pressure difference
between isolation areas and adjacent areas is at least 0.5 in. water gauge
(W (Burchsted, FRul ler, and Kahn 1976).  The exhaust volune rate in the
isolation area should be at least 10%of the actual roomair volune per
m nut e.

Reconmended pressure differences between any of the other types of
controlled areas should range from0.1 in. Woto 0.5 in. V&(Burchsted
Ful'ler, and Kahn 1976). A gradient shoul d be established, on a facility and
room basi s, so that the |owest pressure and exhaust collection points are
located in areas with potentially dispersible naterial

Single-stage HEPA filtration is recommended in areas where air con-
tamnation fromparticulates is not expected except during a severe accident.
Mil tistage HEPA filtration is advisable for facilities that contain



radi oactive materials in a dispersibleformand in facilities, areas, or
cont ai nment boundaries that contain unseal ed, highly radiotoxic nateri al.
Each stage nust be designed and |ocated to allowfor independent testing as
specified in ANSI/ASME-N510 (ASME 1980) .

The proper design of the ventilation systempernmts filters to be
changed easily and with a mnimumpotential for the release of radioactivity
and worker exposure. The design shal | provide the capability for in-place
testing of the filtration system The design should allowfor continuous
particul ate sanpling before the first testable stage and after the |ast
stage, to provide direct evidence of filter performance. Areas with a high
potential for airborne radioactivity may require sanpl ing between inter-
nedi ate stages to verify the perfornmance of each stage.

516 \Waste Renoval Systens

Locations for the tenporary storage of radioactive wastes nust be
designed into both the building plan and the plan for each |aboratory room or
individual radiation area. Laboratory areas should be designed with a
special area for waste accumulation. This area should be renoved fromthe
general |y occupi ed areas of the laboratory. Special attention should be paid
tofire prevention, spi 11 control, and (if necessary) vapor or odor control.

Laboratory or operating areas should not be prine areas for bulk waste
storage. Instead, all major facilities should be designed with a specia
bulk storage area. This area should be located so that wastes being renoved
fromthe building wll not have to be transported al ong major personne
traffic routes or through uncontrol | ed-access areas. To prevent accumul a-
tions of waste in operating areas if normal disposal methods are tenporarily
interrupted, the waste storage area shoul d be |arge enough to accommodat e
twi ce the expected vol une of waste

Qt her recomrendations pertaining to waste renoval systens include the
fol | ow ng:

o Wen transporting liquid radioactive waste by pipes, the pipe route
shoul d be isolated fromuncontrol |l ed areas.

» \Wen transporting potentially contamnated air, the exhaust duct
route shoul d be isolated fromuncontrolled areas.



e Mnimze distances over which noderately and highly radioactive
wastes are transported fromoperating areas to disposal points.

e Design drain basins, curbs, and catch or retention tanks for
efficient and conpl ete drai nage.

e Install nonitoring systens to detect any |eaks or spills in areas
where drainage or retention is unattended or is renote-controlled.

e Install fire-suppression systens in al areas where conbusti bl es
nay accumul ate or be stored.

517 Abnormal Conditions

Al though di scussions on ALARA design review are usual |y concerned wth
normal operating conditions, the same principles should be appl ied when
designing a facility to handle an abnormal condition. Specifically, the
prinmary criterion for mtigating the inpact of an off-normal condition is
that the failure of a single conponent shall not result in an unacceptable
consequence and should not result in an undesirabl e consequence (two contin
gency rule) .

A unaccept abl e consequence is defined as an accidental critical ity
event or radiation exposures or radioactive material release in excess of
the 1imits in DCE 5480.11 (DCE 1983).  Undesirabl e radi ol ogi cal consequences
include radiation exposures in excess of admnistrativelimts, |oss of
contai nment or confinenment of radioactive materials, and skin contam nati ons.

Radi ation exposures shoul d al so be naintained ALARA during a facility
acci dent when unaccept abl e consequences, as described above, occur. Good
radi ol ogi cal design can significantly decrease worker and environnenta
exposures to radiation. Specific itens to consider are accessibility to
process areas and safety and assessnent equi pnent, habi tabi 1ity of contro
roons and energency faci lities, and neans for 1imting radioactive nateria
releases.

5.2 DES GN REVIEW RESPONSI BI LI TIES N MDD FI CATI ONS TO EXI STING FAQ LI TI ES

Proposed nodi fications to existing bui | dings should be reviewed and
approved by the ALARA conmttee or ALARA coordinator prior to initiating any




construction activity. The extent of the design reviewrequired depends upon
the extent of the nodification. Mjor nodification may require all of the
steps involved in design of newfacilities and may therefore require the sane
or additional attention. The radiation protection or ALARA representative on
the design reviewteamhas the same responsibilities as those previously
listed for newfacilities, plus the follow ng responsibilities that are
created when an existing facility is being upgraded:

e evaluating the nmodification design to verify that radiation
exposures wll be kept ALARA during the nodification process

assessing the inpact of an interruptionin utilities

e assessing the inpact of the modification on existing radiological
control devices and instrumentation, including shielding, inter-
| ocks, barriers, and ventilation

« evaluating and verifying the adequacy of tenporary radiol ogical
control s (such as greenhouses and speci al waste containers) for
nodi fications in contam nated areas.
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6.0 CONDUCT CF OPERATI ONS

Applying ALARA principles to field work performance is the ultinate
purpose of the ALARA programand effort. The operational application of
ALARA desi gn, engineering, planning, and admnistration results in main-
taining radiation exposure to workers as |ow as reasonably achi evabl e.

The operational application of ALARA requires the cooperation and coordi na-
tion of numerous functional groups, including radiation protection, opera-
tions, maintenance, planning and schedul ing, training, engineering, and
adm ni stration.

Previous sections of this manual defined and explained the philosophy
of ALARA and the managenment and organi zation considerations that best support
its effective inplenentation. Responsibilities for developing and coordinat-
ing the ALARA program providing training, making neasurements, providing
surveillance and consul tation, and performng programaudits nay be assigned
to specific individuals or groups. However, the prinary control of radiation
exposures remains with the individual and with the individual's imediate
supervisors. In nost facilities, a myjor part of radiation exposure is
received during maintenance, handling of radioactive wastes, in-service
I nspection, refuel ing, and repairs (Ilari , Horan, and Franzen 1980) . These
activities are perforned primarily by maintenance and operations personnel,
wi th assistance fromsupport staff. The supporting staff may include per-
sonnel from heal th physics, quality assurance, engineering, and training.
Wth the diversity of disciplines and skills involved, it is necessary that
work activities be closely coordinated and that nmanagement support and
cooperation be maintained.

This section focuses on applying ALARA principles to the work perform
ance in the field. Both normal and emergency operations are discussed. The
information in this section is not intended to be an exhaustive discussion
of routine and emergency heal th physics practices but rather a reviewof key
heal th physics information necessary to devel op and inplenment an ALARA pro-
gram For more information on health physics practices, the reader is
referred to the DOE series of health physics manual s of good practice which
i ncludes the fol | owing publications and drafts:



with

Health Physics Manual of Good Practices for Accelerator Facilties
(McCall et al. 1988)

Health Physics Manual of Good Practices for Uranium Facilities
(Rich et al. 1988)

Health Physics Manual of Good Practices for Plutonium Facilities
(Faust et al. 1988)

Health Physics Manual of Good Practices for the Prompt Detection of
Airborne Plutonium in the Workplace (Mishima et al. 1988)

Health Physics Manual of Good Practices for X-Ray Generating
Devices and Sources at DOE Facilities - DRAFT(a)

Health Physics Manual of Good Practices for Tritium Facilities -
DRAFT(b)

Health Physics Manual of Good Practices for Radiation Protection
Training - DRAFT(c)

Expert Group Recommendations on Implementation of DCE Orders for
Internal Dosimetry (DRAFT) (d)

Operational Health Physics Training (DRAFT). (e)

Several of these manuals in draft form will be published concurrently
the ALARA manual.

Selby, J. M, and J. G Stephan. 1988. Health Physics Manual of Good
Practices for X-Ray Devices and Sources at DCE Facilities - DRAFT.
Pacific Northwest Laboratory, Richland, Washington.

Anderson, H. et al. 1988. Health Physics Manual of Good Practices at
[I?\E Tritium Facilities - DRAFT. Mound National Laboratory, Miamisburg,
Ohio.

Robinson, J. et al. 1988. Health Physics Manual of Good Practices for
Radiation Protection Training = DRAFT. Idaho National Engineering
Laboratory, Westinghouse Idaho Nuclear Company, Inc., Idaho Falls, ldaho.
R. Hall, Chairman, Savannah River Plant, and D. R. Fisher, Pacific
Northwest Laboratory, are contacts for the draft health physics manual
of good practices involving internal dosimetry.

Moe, H. J., and E J. Vallario. 1988. Operational Health Physics
Tlrlaining - DRAFT. ANL-88-26, Argonne National Laboratory, Argonne,
[llinois.
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6.1 NCRVAL CPERATI ON

Fundamental to any ALARA programare the measurement of personnel doses
(personnel dosinetry) and the characterization and quantification of radia-
tion exposures in the field (radiological surveys). For ALARA purposes
(e.g., trend analysis), measurenents need to be accurate and conparabl e.

The conparability of measurenents, which may extend over a period of years,
implies a degree of precision and accuracy of neasurement that permts two or
nore data points to be conpared with a high degree of confidence.

Qccupational and environnental radi ation control neasures should be
applied to ensure that work wth radioactive naterials is carried out in the
saf est manner that is reasonably achievable. Qccupational, nonoccupational
and popul ation exposures should be mnimzed by means of engineered and
adm ni strative control mechanisns. This section concentrates primarily on
occupational radiation control neasures. A additional ALARA gui dance docu-
nent supported by DCE w 11 cover environnental radiation control neasures.

Adequat e planning and preparation is necessary before beginning work in
radiation areas to maintain worker exposures ALARA O prinary inportance to
the ALARA programare training of personnel, schedul ing work, briefing and
debriefing workers, and docurmenting and anal yzing historical data and work
experi ences.

6.1.1 Personnel Dosinetry

Accurate and precise characterization of personnel doses is necessary to
measure progress towards ALARA goals. The fol | owing di scussion provides
gui dance for using external and internal dosinetry as tools to naintain
radiat ion doses ALARA

Dosi et ers nust be appropriately worn on the person in order to
approxi mate the exposure to the individual. The |ocation of the dosineter
on the body, the uniformty of the field of exposure, and the characteristics
of the dosineter (e.g., sensitivity to environmental effects) al affect its
response and nust be consi dered when eval uating personnel dose assessnents.

Dosi et ers shoul d be appropriate for the kinds, energies, and inten-
sities of the anticipated radiation fields, should have adequate detection
capabi lity and precision, be convenient to wear, provide accurate reliable



information, and be unaffected by environnental parameters. The use of such
devi ces provides neasurenent of individual radiation exposure as well as

a dependabl e data base for planning or eval uating ALARA goal s and dose
optimzation efforts. In some instances, dosineters may not be the best

net hod, or even a suitable nethod, for radiation exposure control because
they provide after-the-fact information. Dosineters used for legal purposes
shoul d not be used for control if the control use changes the frequency of
processing. Real -time exposure information (e.g., sel f-reading dosineters)
nay be nore useful in reducing doses.

The nost conmon external radiation exposures are to beta and phot on
radiation. The two devices normal |y used for measuring whol e-body exposures
fromthese radiations, photographic filmand thernol um nescent dosineters
(TLDs) , can provide a useful estimte of individual external exposure.
Unfortunately, wth the present state of the art, it is not possibleto
obtai n meani ngful organ doses or the dose equival ent index. However, beta-
photon dosimeters that measure both nonpenetrating(i .e., 7 mg/cm2 depth
dose) and penetrating dose are available; the latter is ordinarily obtained
for a 1-cm depth in soft tissue. In field situations, dosineters for non-
penetrating radiations sti 11 have limted capabi 1ity. Know edge of the field
(i.e., the ratio of penetrating dose to nonpenetrating dose) can be of great

val ue in ALARA prograns, indicating the origin of the exposure and, hence,
how to mnimze it.

A diversity of whol e-body neutron dosineters is in use anong DCE con-
tractors. In large neasure, this diversity is due to the difficulties
inherent in obtaining a dosineter that provides a reasonably accurate dose
response over the w de range of neutron energies encountered in the field.
In general, personnel neutron dosinetry is acconplished by one or a conbi na-
tion of the follow ng:

e nuclear track eml sions
e TLDs
e track etch
(p. 7) reaction with filmor TLD
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o neasuring dose equivalent rates wth survey meters and assigning
a dose equival ent based on stay-tine cal cul ations.

Recent work in devel opi ng neutron dosineters has shown the conbination
thermoluminescent/track-etch (TLD/TED) dosineter to be the neutron dosi neter
of choice. Inplenentation of this conbination dosineter is immnent at DCE
facilities where the potential exists for significant neutron exposures to
sone portion for the work force.

The ALARA programshoul d consi der not only whol e-body exposures but al so
control | abl e exposures to individual organs or portions of the body. For
external exposures, the skin and the lens of the eye frequently require
special consideration. It is possible that the lens of the eye could receive
a greater dose than the whol e body when a person is working behind a shadow
shield or if the head is otherw se exposed, and this risk should be eval u-
ated. If therisk is significant, the exposure should be nonitored wth a
dosi meter worn in an appropriate location (e.g., cl ipped to the.safety
gl asses) .

Fi I m badges shoul d neet the criteria specified in Arerican National
Standards Institute(ANS) Standard NI3.7 (ANSI 1983).  Although no com
parabl e standard exists for TLDs, much val uable information is available in
ANSI No45 (ANS  1975), which refers to the environnental appl ications of
t hernol um nescence dosinetry. Neutron dosimetry shoul d be in conformance
wth ANS N319(1976). Personnel dosineters need to be routinely cal ibrated
and naintained to meet the requirements of the DCE Laboratory Accreditation
Program (DOELAP) for personnel dosinetry as found in DCE 5480.15 (DCE 1987a).

Listed bel ow are technical requirenents offered as gui dance in sel ecting
dosi meters. Adherence to this partial listing of criteria should aid in
devel oping a data base suited to ALARA conparisons and trend anal yses.

Typical dosinetry criteria are:

e range: 10 memto 1000 rem(bet a-phot on)
100 ntemto 1000 rem(neutron)

o nomnal overall accuracy in field: +30%(photons); +50%(beta,
neutrons) i ncl udes error fromangular and energy dependence]

o detector capability: the larger of 10 ntemor +10% of dose |evel
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e precision (laboratory) : 5% (la)

e radiations detected: beta, photon, and neutron, as required, in
mxed fields; shoul d categorize beta-photon radiations by pene-
trating(soft-tissue depth dose) and nonpenetrating (<7 mg/cml)

o shelf life: >1yr

e wearing location: constant, consistent, and on the portion of the
trunk where exposure is nost representative of the whol e-body
exposur e

e resistance to environment: tenperature, humdity, 1ight, and
handl i ng effects.

Internal radiation doses are caused by radioactive materials within the
body. Even a small anount of a radionuclide within the body nay provide a
significant dose to the specific organ in which it concentrates. Al though
internal concentrations of radionuclides are ordinarily evaluated by radio-
chemcal assay of excreta(i .e., urine or feces) or hy large, sophisticated,
and expensi ve whol e-body counting systens wth | owbackground capabilities,
sinpl e nonitoring systens have been devised to detect relatively |arge
anounts of activity in vivo. These systens include shadow shield in vivo
counters, thyroid counters, and lung counters.

Wth the inplenmentation of DCE 5480.11 (DCE 1988), facility management
wll have to assure that the annual effective dose equival ent from both
internal and external sources(retrospective) received in any year by an
occupat i onal worker does not exceed 5 remand that the workplace is operated
withinthe 5 remconmtted effective dose equival ent guidance. To neet this
requi renment, sone faci lities nay need to performadditional air sanpling or
noni toring of the workplace to determne nore accurately the air concentra-
tions in worker zones. In addition, bioassay sanple frequency may need to
be increased to better quantify internal effective dose equivalent. ALARA

prograns shoul d use this additional air sanpl ing and bi cassay data as anot her
neasure to eval uate program progress.

Peri odi ¢ whol e-body counts, wth frequency determned by program
requirenents, nay provide assurance that the safety programis operating
properly and nay provide data for trend anal yses. Al though routine radio-

6.6



urinalysis and other bioassay techniques can be used to verify the effective-
ness of field operations, these prograns, |ike external dosinetry prograns,
provide an after-the-fact indication of exposure. Bioassay or in vivo count-
ing should be used to support positive dose reduction techniques, such as

pl anni ng, design, and before-the-fact neasurenents and surveys, and shoul d be
supported by routine neasurenments of airborne radioactivity concentration and
anbi ent radiation levels.

6.1.2 Radiological Surveys

The neasurement of radiological conditions in the field is essential to
establ ishing a data base fromwhich to operate an ALARA program Survey
information can aid in dose mnimzation efforts during the initia design of
a faci lity, during operations, and during faci 1ity nodification. Confidence
in the data base shoul d stemfromconfidence in survey personnel, uniform
survey methods and |ocations, and survey instrunentation.

Radi ation survey methods shoul d be designed with ALARA concerns in mnd
and should lead to accurate data being collected efficiently, wth mninm
dose to the surveyor. Sources of exposure shoul d be accurately characterized
during each survey.

Surveys shoul d be perforned according to established procedures. Proce-
dures approved by nmanagenent offer the fol | owi ng advantages: 1) managenent
Is given indirect oversight and control of day-to-day operations w thout
ext ensi ve supervision; 2) the opportunity for planning and eval uating the
safety of a task is assured, including an ALARA review, and 3) the survey
programis nore consistent, thus aiding in obtaining reproducible results.

Survey frequencies shoul d be adequate for personnel protection purposes.
Cont i nuous monitoring nay be required where exposure rates change frequently
or where anbient radiation levels are high. Foll owup surveys are a good
practice, and additional survey data should al ways be procured to assure the
protection of personnel. Surveys shoul d be nade before work is begun in any
radiation area. The infornation obtained provides the basis for an ALARA
review of proposed work activities before any workers are exposed and for the
definition of radiation protection requirenents. Fol | owup surveys al so
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shoul d be performed after the conpletion of the job to assure that radiol og-
ical conditions are acceptabl e and docurent ed.

Surveys shoul d be made after facility nodifications and after a change
in operations. These surveys should verify that the radiol ogical conditions
are consistent with predictions made during the ALARA review

Survey equi prent shoul d have certain characteristics to permt the
efficient gathering of information. The nost inportant requirement is relia-
bility. [Instrunents shoul d be dependabl e and provide accurate, reproducible
readings. Performance and calibration criteria for survey equi pnent are
found in several Anmerican National Standards Institute reports - ANSI N317
(ANSI  1980), ANSI N323 (ANSI 1978), ANSI NI3.1 (ANS 1969), and ANSI N42.18
(ANS 1974) . Qther devel opnents include draft ANSI perfornance standards for
portabl e heal th physics instrumentation use in normal work conditions, (a)
portabl e health physics instrunentation use in extrene environmental condi-
tions, (b) and portable health physics air nonitoring instruments. (c) Kenoyer
et al. (1986) reported the results of testing selected instrunents against

draft ANSI N42.17A.(a) General requirenents are noted by instrument type
bel ow

o Portable instrunments should be Iightweight, sinple to use, and
sinple to read. Because the surveyor is usually exposed to the
sane radiation field as the instrunent neasures, efforts to mini-
mze survey tines wll ad in mnimzing personnel doses. In
addition, if high-radiation areas are being nonitored, instruments
w th extendabl e probes shoul d be used.

(a) American National Standards Institute (ANS),. 1988. Perfornance Speci-
fications for Health PhysicS Instrumentation - Portabl € Tnstrumentation
for Use in Normal Ewvi ronnental Conditions. Drait ANSI N4Z2.17A-D9,
Arerican National Sandards Tnstitute, New York. New York. .

(b)  Arerican National Standards Institute'(ANd).  1987. Perfornance _&tgem -
fications for Health Physics Instrumentation - Portabl e Tnstrumentation
for Use In Extrene Environnental Condifions. Draft ANS N42.17C-D4,
Anerican National Standards Tnstitufe, New York, New York. .

(c) Anmerican National Standards Instltute(N\Bl) . 1987, Performance Speci -
fications for Health Physics Instrunentation - Gocupationa Thorne
Radi oact1vity Mnitoring Insiruneniation. Draft ANS N42.17B-D5,
Arerican National Standards Tnstitute, New York, New York.
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e Fixed monitors equipped with renote readouts are desirable for
obtai ning dose rate and air concentration levels in radiation
envi ronment s whi 1e exposi ng no personnel .

e Personnel nonitors may be val uabl e agents for controlling
exposures. They may be used to inform personnel of radiation
areas, of changes in radiation dose rates, or of pre-established
dose levels that have been reached.

o Analytical equipnent is inportant to ALARA in assuring that air,

bi ol ogi cal , contam nation, and environmental sanples are accurately
anal yzed.

6.1.3 (Qccupational Radiation Controls

Qoerational measures for control 1ing occupational exposure nust be
applied to assure that any work with radioactive materials is carried out in
the safest manner that is reasonably achievable. The follow ng sections
di scuss engineered and admnistrative control nechanisns for limting
exposur e.

Enqgi neered Control s

Appl ying engineering to the control of radiation exposures is probably
the nost cost-effective phase of radiation exposure optimzation, if included
in the design and construction of a facility. The initial design and design
nodi fication stages provide the opportunity to eval uate engineered features
to mnimze radiation exposures before they occur and to incorporate the best
features. Engineered controls as discussed in Section 4.0 should be con-
sidered and inplenented whenever possible. Admnistrative controls are not
an adequate substitute for engineered features. However, admnistrative
systems nust be established for the periodic reviewand assessnent of the
engi neered controls to ensure that they are effective in performng their
I ntended function.

Adm ni strative Control s

Administrati ve control s are conposed of the management systens,
devel oped and inplenented to provide guidance, direction, and limtations
for operational activities.
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These control s include docunents that describe organizational inter-
faces, including radiation protection and ALARA organi zations. The documents
al so prescribe activities affecting safety-related structures, systens, or
conponents. The docunents include operating and special orders, operating
procedures, test procedures, equi pment control procedures, maintenance or
nodi fication procedures, material control procedures, and emergency plan
i npl ementing procedures. Procedures are necessary tools to ensure that
specific guidance is provided for work that

e needs to be done in a precise way

e needs to be done in the sane way repetitively

e is conplex and detailed

e requires specific or unique instructions

e nmust be specially controlled.
Wrk with radioactive materials or in radiation areas usually falls into one
or nore of these categories. Procedures and the procedure devel opnent pro-
cess shoul d be used to ensure that ALARA considerations are included in work
activities. The approval and issuance of all of these procedures, including
changes, should be regulated by facility managenent.

Cui dance shoul d be provided to ensure that documents, including revi-
sions or changes, are reviewed for adequacy by qualified personnel and
approved for release by authorized personnel. Once authorized, the documents
shoul d be distributed according to current distribution lists. Mnagenent
shoul d issue procedures that del ineate the issuance, accountabi 1ity, nodifi-
cation, and disposal processes for the various types of procedures, to avoid
the msuse of outdated or inappropriate docunents. Information pertaining to

procedural requi rements, format, and contents can be found in ANSI/ANS-3.2
(ANS 1982).

Qperational Procedures. The need for conprehensive and detailed opera-
tional procedures is dictated by the need to think through and understand
each task on a step-by-step basis. Each step in a procedure should be fully
thought out and its inpact on exposure rigorously eval uated. Shielding,
renote operation, distance, specialized tools, protective equi pnent, manpower
requirements, exposure rates, exposure times, and alternative procedures
shoul d all be careful Iy considered. The procedures shoul d al so convey a




clear picture of what needs to be done to acconplish the task while keeping
the exposures ALARA  The procedures can then be used as a conponent of a
worker's training and as a basis for practicing the tasks. The final, com
plete procedure should be the result of cooperation and agreement anong
radi ation protection specialists, managenent, and workers.

Procedures for operational activities should reflect the conditions that
exist at the time the procedures are witten. For a given operation, these
condi tions woul d include industry experience with the operation, technical
i nformation about it, and plant-specific information regarding the systems
behavior. To ensure that the existing procedures are adequate, a systematic

review and feedback of infornation about the procedure, based on use, shoul d
be est abl i shed.

After the initial review approval, and issuance of an operational
procedure, subsequent reviews wll depend on the type and conplexity of the
operation involved as well as on nodifications to any systemincluded in the
procedure. Each procedure shoul d indicate when it is due for review The
operational procedure should al so be reviewed fol | owing an unusual incident,
such as an accident, an unexpected transient, a significant operator error,
or an equi pment malfunction. As a mninum each operational procedure shoul d
be reviewed once every two years by an individual know edgeable in the area
affected by the procedure. If a given procedure is revised during that
period, the revision nay constitute the equivalent of a review

Radiation Control Procedure. It is general |y recognized that knowledge
of and familiarity with radiation control procedures are inportant for any
type of radiation zone work. Radiation control procedures are one way of
enphasi zing a contractor's policy of naintaining personnel exposure ALARA
In some instances, worker cognizance of the requirements and restrictions for
work in radiation zones nay be insufficient because the work activities are
not routinely perfornmed. Wrkers may be inadequately trained in the use of
speci al i zed equi pnent or techni ques needed for nonroutine activities. In
addition, these activities may have the potential for exposing invol ved
personnel to substantially higher Ievels of radiation and/or radioactive
nateri als than are nornal |y encountered. For these reasons, personne
directly involved in work wth radioactive materials should be thoroughly
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briefed on radiation control procedures. Proper performance of radiation
control procedures shoul d be stressed.

The Radiation Wrk Permt or Procedure(R#¥) is classified as a radia-
tion control procedure. The RAP systemis typically initiated by operations,
prepared by the health physics group, and approved by concerned operating
and/or mai ntenance supervisors. This procedure Tists the radiation control s,
requirenents, and restrictions for either al or a specific portion of work
in aradiation zone. The purpose of the RWP is to assure an exchange of
information between the zone workers and health physics/management personnel
on radiological conditions at the work site. The RWP al so serves as a check
sheet on worker qualifications, exposure anticipated, and the type of
exposure control devices and protective equipnent to be used. A some facil-
ities, the RWP systemrequires the signature of the individual using an RWP
to indicate that he is performng work under the RWP authorization and that
he has read the requirenents. In addition, some facilities use the RAP
signature as an entry control nechani sm

RWs are witten to naintain worker exposures ALARA  Therefore, an
ALARA review is part of the RWP process. Strodl (1984) indicated that the
interface between the R programand the ALARA programis not well defined.
Typical |y, ALARA reviews are conducted after the RAPs are witten and do not
take into account the job reviews and exposure-reduction decisions made
during the devel opnent of the RWP. Srodl provides a nethod to integrate the
ALARA review and RWP-issuing process into a single process which wil take
into account the daily ALARA decisions made by radiation protection tech-
nicians (RPTs) and heal th physics supervisors. A integrated RWP/ALARA
system flowpath devel oped by Srodl is shown in Figure 6.1 A step 5, the
RW Supervi sor makes the decision as to whether an ALARA review is required
(unless the dose estimate for the job exceeds an established limt which
automatical ly requires an ALARAreview. |f the RANP Supervisor deternines
that an ALARA reviewis not necessary, the ALARA Coordinator wll sti11
reviewthe RN and can overrule himand require that an ALARA review be
conpleted. Figure 6.2 presents an ALARA checklist devel oped by Srodl for

use by the ALARA Coordinator. Srodl listed the foll owing advantages of the
RWP/ALARA system
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Job Supervisor |

Initiates RWP
« Writes job descriptions

L -

v

Health Physics Supervisor

2  Reviews job description
» Classifies RWP and
assigns a number

y

Radiation Protection Technologist

« Performs radiological surveys of
work area

Health Physics Supervisor

» Reviews radiological surveys

Health Physics
Supervisor determines
if additional ALARA

reviewis
necessary

ALARA Coordinator

s ! __ |gTTm===- .
= Coordinates ALARA review with "'
job supervisor

t

Health Physics Supervisor

» Modifies RWP per ALARA review, if done
.Approves RWP

¥

Job Supervisor

« Briefs workers and posts RWP

¥

Radiation Worker

9 « Receives an ALARA briefing
« Reads and signs RWP
- Foliows all RWP directions

(a) - The ALARA Coordinator will review all RWPs exempted for detailed ALARA review
by the Health Physics Supervisor and can overrule the Health Physics Supervisor.

FIGURE 6.1. Integrated RWP/ALARA System Flowpath

Source: Adapted from Strodl, W R.
"Integrating the ALARA and
RWP Processes." Radiation

Protection Management, Vol. 1,
No. 2 (January f984), pp. 25-34.
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QU DELINES FR ALARA REM EW

1. PREPARE WIRK PROCEDURES

Del et e unnecessary work.

Plan access to and exit fromwork area.

Provi de for comunication.

Renove sources of radiation.

Decont am nat e. o

Wrk in |owest radiation |evel. . o
Performas much work as possibl e outside radiation areas.
State requirenents for standard tool s. .

Consi der special tools(remte handling, extensions, ec.).
| dentify radiol ogical hol dpoints.

Mnimze disconfort of workers.

Consi der potential accident situations.

Use tenporary ventilation systems.

Performwork i nside di sposabl e cont ai nment s.

Provide for visual identification of workers.

Drai n/flush systens.

Ensure equi prent i sol ation.

2. OHECK TEMPCRARY SH ELDI NG

Lead bl ankets, bricks, or sheets.

Shield work under water. .

Use a shi el ded container during novenent.
Shiel d nonparticipating personnel.

3. REHEARSE A\D BR BF WORKERS

Dy runs.
o ke Photo r aphs.
Brief workers.
e Reviewworkers' exposure status.

4. PERFCRM WIRK

e Keep excess personnel out of radiation areas.

o Supervisors and workers keep track of radiation exposures.
o FEvaluate use of fewer workers.

FIGRE 6.2. Sanpl e ALARA Checklist Used by ALARA Coordi nat or

Source:  Strodl, W R "Integrating the ALARA
and RWP Processes.” Radiafion
protection Managenent, VoI . I, No. 2
(January 1984}, pp. 25-34.
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e Individuals nost famliar with job and radiol ogi cal conditions
(RPTs and supervisors) are performng the intial ALARA review

o ALARA Coordinators can concentrate on tasks wth high-exposure
potential .

e ALARAis returned to working level and recogni zed as an inpl enent a-
tion of good health physics practices and work habits.

Protective Qothing and Respiratory Protection. The proper use of
protective devices is inportant to maintaining exposures ALARA  Wien
engi neered systens fail or the optimzation of dose control is not adequate
to provide the desired protection, protective devices nay be used to supple-
nent the physical protection. Two of the nost common and effective devices
are protective clothing and respiratory protective devices.

Adm ni strative procedures shoul d define when these devices are required.
Normal |y, protective clothing is required when an area wth actual or poten-
ti al surface or airborne contamnation is entered. Respiratory protection
nay be required; whenever the integrity of the radioactive material contain-
nent is threatened; when the work activity may result in the rel ease or
resuspensi on of radioactive contamnation intothe air; or if, during the
course of the work, there is a high potential for airborne contamnation. It
shoul d be noted that it may not be ALARA to require wearing respiratory
protection where the potential for dose frominternal emtters is snall
conpared to any expected increase in external exposure that nay be incurred
due to additional tine needed to performthe work. Additional risk dueto
heat stress, poor vision, poor communication, or other factors, also needs to
be wei ghed agai nst the possible benefits of avoiding internal exposure.

Access Control System A systemfor regulating access to controlled
areas shall be established to ensure that no inadvertent radiation exposures
occur and that casual exposure is mnimzed. Regulation of access nay com
bi ne engi neered features and procedural 'controls, as well as physical bar-
riers and posting. Typically, a graduated control systemis used in which
the sophistication of the control is determned by the hazard potential. The
mnimumcontrol permtted is the denarcation and appropriate posting of the
radi ol ogi cal controlled area. The level of control nmay progress to physica




barriers with continuously manned access points, and barriers with failsafe
interlocks to prevent access when radiation sources are exposed. Each area
for which admnistrative controls have heen established should be
periodically surveyed to ensure that the controls are adequate and that
exposures are maintai ned ALARA

Control and Accountability of Radioactive Material. The best nethod of
controll'ing radiation exposures is by maintaining control of radioactive
materi als. Ceneral |y, the better the materials are confined, isolated,
shi el ded, and otherwise control | ed, the less the potential for occupationa
exposure. Control should be continuous, fromthe time radioactive materials
first enter or are made at the site until the time the materials are no
| onger the responsibility of the site.

Adm ni strative procedures should be used to control all events involving
radi oactive materials, including a review before receiving or manufacturing
the materials. This revieww 11 assure that the site is authorized to
possess the type and quantity of material in question and should include a
safety reviewto determne whether the facility can safely handle the new
material. This reviewshould result in identifying the safety measures,

precautions, and devices needed for adequate storage and use of the materia
at the facility.

To maintain accountability of materials, periodic inventories at
critical process points should be inplenented. Inventories can 1) fulfi 11
requirenents, 2 prevent the diversion of materials, 3) maintain quality
control of the facility process, and 4) lead to the discovery of problens
(leaks) at an early stage. Procedures should call for an inmediate inves-
tigation when changes in the expected inventory are observed.

Adequat e control of the materials must be maintained until their fina
di sposition is conpleted. Depending on the facility, this point may be that
at which another authorized faci 1ity takes responsi b 1ity for the materials.

If the materials are disposed of on the facility site, perpetual controls nay
be required.

Adm ni strative Exposure Limts. As stated in NORP Report No. 91, "In
the control of occupational exposure, the application of the dose limts
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specified here are not sufficient in thenmsel ves" (NCRP 1987). Admnistrative
exposure control s shoul d thus be established to provide a |evel of contro

wel| belowregulatory limts. These are contractor-adopted adm nistrative
exposure control s whi ch, when exceeded, indicate abnornal Iy high or unex-
pected exposures that are sti 11 bel owregul atory lints. Admnistrative
exposure control s are nornal |y establ ished at sone fraction of the regul atory
limts. They are valuable in alerting personnel to trouble spots where
exposures nay not be optim zed.

Qperating Systens. Admnistrative controls should be extended to assure
that engineered systens are operating as designed. Each systems functions
shoul d be reviewed to verify design criteria both before and after the pro-
cess is placed on line. Reviews should then be performed at reasonabl e
intervals to maintain continued assurance of systemfunctions. These reviews
may include performance checks of detection and neasurenent devices, tests of
interlock functions and warning systens, tests of the differential pressure
and flowof ventilation systens, and particul ate and/or iodine renoval
efficiency tests of filters. These are only a fewof the nany operationa
systemtests that may be necessary for ensuring the control of radiation
exposur es.

6.1.4 R anning and Preparation

A basi ¢ necessity for keeping occupational exposures ALARA is continual
vigilance for neans to reduce exposures. (ne focus for this vigilance is the
planning of tasks that wll take place in a radiation zone. The objective of
planning is to ensure that all factors that nay influence the adequate and
efficient perfornmance of a task are recognized and that appropriate skills,
training, and resources are avai lable. Careful planning and preparation for
work activities nay reduce the radiation exposure received, because work will
be performed more efficiently and less tine wll be spent in a radiation
zone. The areas of planning and preparation that are of prinmary inportance
to the ALARA programare training personnel, schedul ing work, briefing and
debriefing workers, and docunenting and anal yzing historical data and work
experi ences.
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Trai ni nq Personne

Trai ning personnel in the concept of ALARA can be beneficial to facility
operations and to the protection of the workers. Training in the ALARA
concept and in ALARA techniques is necessary to ensure an understanding of
ALARA and its inportance to the individual and to managenent, and shoul d be
included in the contractor's regular training program Even though ALARA
i deas and concepts are interspersed with the individual 's specific training,
one separate section of the training programshoul d be directed specifically
to ALARA  A11 radiation workers shoul d understand the neaning of ALARA its
inportance to plant operations, the risks involved in radiation work, the
contractor's programto optimze radiation exposures, and the individual's
responsi bi Tity for mnimzing his own exposures. Weedon (1985) described the
i nportance of providing positive ALARA training to radiation workers.

Contractors nay enploy a training specialist or training staff. The
training staff should work closely with the health physics staff to ensure
the correct communication of ALARA concepts. The extent and frequency of
training and periodic retraining should be based on the conplexity of the
tasks and the hazards invol ved.

The use of mockup equi prent and dry-run practices may be a val uabl e
asset in increasing worker efficiency and in identifying problemareas in
performng mai ntenance work, thus increasing the ratio of productivity to
exposure received or reducing the tine required to conplete the work

The training programshoul d be established and defined in a formalized
training docunent that includes a pol icy statement, staff responsi b 1ities,
training procedures, and |esson plans. Mnagenent shoul d review and approve
the training programand provide for its periodic review

Schedul i ng Wr k

The orderly planning of a group of tasks may result in nmore efficient
work than if each individual task is considered separately, thus decreasing
work time, decreasing naintenance costs, and |owering radiation exposures.
The effective scheduling of work activities, wth input supplied to the
schedul i ng engi neer by the health physics staff and those responsible for
ALARA, can be extrenely val uabl e in achieving ALARA goal s.



Work should be scheduled based on the following guidelines:

e Schedule hazardous operations to be carried out when few persons
are around.

e Make use of dose reduction practices (less time, greater distance,
shielding).

Use the optimal number of persons to perform work in radiation
areas (eliminate casual observers).

Ensure that adequate resources (equipment, tools, and procedures)
are available to perform the work.

Scheduling ALARA reviews of incoming jobs can become a problem for the
ALARA staff during busy work periods (e.g., outage at a nuclear power plant).
Britz, Clancy, and St. Laurent (1985) revised their work order tracking
system to include an entry that asks whether an ALARA review will be
required. This modification should help ALARA and radiation protection
staffs identify jobs requiring an ALARA review early enough to prepare for
any overload conditions.

McArthur et al. (1984) identified the importance of using planners and
schedulers who have had ALARA training and who are involved with the
facility's ALARA program. Problems such as inadequate health physics
personnel to handle issuing RWPs, to perform general or specific radiation
surveys, or to adequately monitor jobs have been observed when untrained
planners and schedulers scheduled too many jobs for the same time period.

Briefing and Debriefing

The RAMPs discussed earlier are useful in planning and carrying out work
in radiation areas. However, R\ are limited in the amount of information
they can provide. Personnel briefings should be held before radiation work
is performed to supplement the RWP information and to ensure that those
involved in the work understand where and how it is to be done and what the
radiation protection requirements are. Upon the completion of a task, a
debriefing of those performing the work may be valuable in identifying prob-
lems encountered, techniques for improving the future performance of similar
tasks, and techniques for further reducing exposures.
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Docunent at i on

Hstorical data and work experiences shoul d be docunented and nai ntained
as a library of valuable data for use in planning future radiation work and
in tracking high dose jobs, especially those which are repetitive. Building
on past experience may assist in keeping exposures ALARA As a mininum the
fol | owi ng information should be provided:

o specificjob perforned (including |ocation)

e the original dose estimate for conpleting the job and how it was
cal cul at ed

resources required
e precautions taken
o persons performng the work (name and title)
» problens encountered
sol utions to problens
abnormal occurrences
o timerequired for job
e nunber of persons required
individual and total dose for job.

Hstorical data may be used to performa statistical analysis of the
reliability and frequency of required maintenance work on process equi prment.
The results of this analysis may be used in dose projections (e.g., annual
dose projections) or as a hasis for ajustification to replace equi pnent or
processes with nore reliabl e ones.

6.2 EMERGENCY CPERATI ONS

Al users of radioactive materials or radiation-generating nmachines
shoul d devel op an enmergency preparedness programto assure that adequate
response is available in the event of accident or abnormal occurrence.

The DCE requirements for an emergency preparedness programare found in
DOE 5500. 3 (DCE 1981) , DCE 5500.1A (DCE 1987b), and DOE Nb500.2 (DCE 1987c).
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Although the primary objectives of an energency preparedness programare to
control an accident and to mtigate its effect, implied in those objectives
is the need to maintain radiation exposures within the radiation protection
standards and ALARA. Emergency actions and activities should therefore be
eval uated to ensure that ALARA considerations have been incl uded.

A formalized enmergency plan should provide the basis of a rapid, effec-
tive energency response. The energency plan shall address the fol | ow ng
areas (DCE 1981):

« organization and assignment of responsibilities

 emergency response support and resources

e energency response |level plans

o notification methods and procedures

e energency conmmunications

e public education and information

e energency faci 1ities and equi pment

e accident assessment

e protective response

« radiol ogical exposure contro

« nedical and heal th support

o recovery and reentry planning and post-accident operations

e exercises

« radiol ogical energency response training

. nmenoranda of understanding and letters of agreenent.
Radi ol ogi cal exposure control nethods as they relate to energency planning
and ALARA are discussed in this section. DOE 5500.3 (1981) indicates that
facilities shall ensure that guidelines and neans for controlling radiol og-
ical exposures are establ ished for emergency workers. The discussion of
radi ol ogi cal exposure control methods is divided into emergency organization,

energency equi pment, emergency implenenting procedures, and training and
exer ci se.

6.21 Enmergency O gani zation

Because an emergency may require that established exposure limts be
exceeded, a responsible person should be onsite at all times with the author-
ity to approve energency radiation exposures in excess of the limts. This



responsi bi 1ity usual Iy rests with the emergency director (i .e., person
responsi bl e for onsite activities in an energency) after consultation wth
the most senior health physicist on staff. Sone facilities have a graded-
type of responsibility. For exanple, the senior health physicist would be
able to authorize dose extensions up to a certain percent above limts

(e.g., 25% at which tine the energency director would have to approve the
ext ensi on.

6.2.2 Energency Equi pnent

Facilities shoul d have adequate radiol ogi cal monitoring equi pment and
suppl i es to support energency workers. Locations of equi pment and suppl ies
shoul d be considered. General |y, equi pnent and suppl ies should be located in
energency facilities to elimnate accessibility problens because of radiol og-
ical conditions in other parts of the facility. The followingis a list of

typical radiological monitoring equi pnent and supplies that should be avail -
abl e to enmergency workers in-plant:

e protective clothing

o respiratory protection(full -face respirators and self-contained breath-
ing appar at us)

e decontam nation supplies
e radiation posting signs and step-off pads

o portable radios for communication between in-plant teans and the
control l'ing energency facility

e personnel dosinetry (TLDs, film badges, sel f-reading dosineters)
portabl e survey instrunents

« instrunent check sources

e air sanpling equi pnent.

6.2.3 Energency | npl enenting Procedures

Because normal radiol ogical control procedures may not be sufficient
during an energency, additional procedures addressing energencies shall be
devel oped. In accordance with DCE 5500.3 (DCE 1981) , specific procedures
shal | be devel oped for energency worker radiation protection and control,



and emergency worker decontamnation. Key infornation that should be
incl uded in these procedures fol | ows.

Procedures shall identify onsite energency exposure guidelines that are
consi stent wth DCE 5480.11 (DCE 1988) and US Environnental Protection
Agency (EPA) energency worker and Tifesaving activity protective action
guidelines as defined in EPA 52011-75-001(EPA 1980).  Energency exposure
gui del i nes shoul d al so be provided for performng assessnent actions,
providing nedical treatnent, performng personnel decontam nation, and
provi di ng anbul ance service. As discussed in Section 6.2.1, procedures
shoul d al so identify who has authority to authorize exposures exceeding
normal exposure limts and energency limits.

In order to achieve dose control for energency workers, current person-
nel dose information shall be available and naintained. The capability to
process dosimeters and have the information pronptly available on a con-
tinuous basis shoul d exist and be described in a procedure. Special contro
dosi neters nay be necessary to provide real time exposure measurenent, e.g.,
total dose neters and alarmng dose/dose rate neters. A reliable dosineter
distribution systemand record systemshoul d al so be available. Records on
respiratory protection mask fits should be availabl e.

Procedures shoul d include a discussion on the preparation and di spatch
of in-plant teans (e.g., search and rescue teans, repair and damage contro
teans). Teamsize should be Timted to the mninumnunber to safely perform
the job. (ne of the team nmenbers should be an RPT because of the changing
nature of radiological conditions in the facility during an energency. Teans
shoul d be briefed by heal th physics supervisory personnel prior to dispatch.
Procedures shoul d discuss key itens that should be covered in the briefings.
These i ncl ude:

o radiological conditions at the work site and in-transit to the site
need to closely nonitor individual exposures
e exposure limts
neans and frequency of communications wth energency faci 1ity
e protective clothing requirenents.
Sone faci 1ities wite emergency RWwPs for each energency j ob, which woul d
contain much of the information listed above. In this case, a briefing



should still be held to provide last-mnute information and answer any ques-
tions the teamnenbers may have. After returning fromthe assigned job,
teans shoul d be debriefed to obtain updated information on radiol ogical
condi tions in-plant.

6.2.4 Training and Exercise

Faci 1ities shall establish emergency response training prograns for all
enpl oyees and enpl oyees with emergency response responsi bi 1ities in accor-
dance with DOE 5480.11 (DCE 1988) and DCE 5500.3 (DCE 1981).  Training of
energency workers in the area of radiological exposure control should bhe
based on the procedures discussed in Section 6.2.3.  Formal classroom
training should be performed annually. In addition, energency exercises
shoul d be conducted annual |y to test worker reactions to a realistic accident
scenari 0.
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APPENDIX

PERFORMANCE OBJECTIVESAND CRITERIA FOR
TECHNICAL SAFETY APPRAISALS



APPENDI X

Thi s appendi x reproduces entirely the Radiol ogical Safety Section as
Contained in Performance (ojectives and Qriteria for Technical Safety
Apprai sals Revision 1, which was devel oped specifical |y for the Techni cal
Safety Appraisal programfrommaterial found in Standard Lines of Inquiry for
Functional Appraisals of Field Gfices. The latter document was prepared in
Aoril 1984 by M. E. J. Vallario, US Departnment of Energy, Cffice of
Nucl ear Safety, and was based on nany years of experience in assessing the
radi ol ogi cal safety prograns of the DCE Both docunents have been revised
and upgraded numerous times as a result of field experience to provide
clarification and interpretation of wording and to assure inclusion of al
el enents necessary for an adequate eval uation of both the content and
performance of a radiol ogical safety program
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RP. Radiological Protection

1 Organization and Administration

2 Internal Audits and Investigations

3 Radiological Protection Procedures and Posting
4. External Radiation Exposure Control Program

5 External Dosimetry (routine and accident use)
6. Internal Radiation Exposure Control Program

7. Internal Dosimetry

8. Fixed and Portable Instrumentation (normal and emergency use)
9. Respiratory Program

10. Air Monitoring

11. Radiological Monitoring/Contamination Control
12.  ALARA Program

13. Records
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RP. 1 ORGANIZATION A\D ADMINISTRATION

PERFORMANCE OBJECTIVE

Facility organization and administration should ensure effective
implementation and control of radiological protection activities within the

facility.

CRITERIA

1. Organizational responsibilities for radiological protection are clearly
defined.

2. Staffing and resources are sufficient to accomplish assigned tasks.

3. Appropriate responsibilities are assigned to facility management
personnel for such matters as:

minimizing personnel radiation exposure

- minimizing the contamination of areas, equipment, and personnel
- reducing solid radioactive waste volumes

4. Responsibilities and authorities for each radiological protection
technician position at the facility are clearly defined and sufficient
to control work activities to protect employees.

5. Personnel clearly understand their authority, responsibilities,
accountabilities, and interfaces with supporting groups.

6. Radiological protection requirements are actively administered by
facility management and supervision and adhered to by plant personnel.

7. The radiation protection manager has direct access to the facility
manager and has sufficient authority to perform his duties effectively.

8. Managers and supervisors observe radiological protection activities to
ensure adherence to company policies and procedures and to identify and
correct problems.

*9.  Inspections and audits utilizing DCE 5482.1B, Section 10, are scheduled
and performed by contractor safety personnel independent of the opera-
tion to determine the effectiveness of the radiological protection
program to identify problems and to initiate necessary corrective
action’s.

10. Auditable reports of inspections, audits, and resulting corrective

actions taken, are maintained.



12.

14.

15.

RP. 1 (continued)

Procedures approved by facil ity management are in place to implement
the radiological protection program and are updated periodically.

Radiological protection problems are documented and evaluated. These
evaluations are reviewed for trends, and actions are taken to correct
the causes.

Facility managers are aware of trends with regard to occupational
radiation exposures, solid and liquid radioactive waste, contamination
and radiation levels and the number and location of radiation and con
taminated areas within their facility.

Radiological protection personnel are actively encouraged to develop
improved methods o f meeting radiation protection objectives and goals.

Indicators of radiological protection performance are established and
periodically assessed to enhance radiological protection effectiveness.



RP.2 INTERNAL AUDITS AND INVESTIGATIONS

PERFORMANCE OBECTIVE

The internal audit program for both routine operations and unusual
radiological occurrences shoul d provide adequate performance assessments.

CRTERA
Internal Audits

1. The internal audi&gro%ram complies with DOE Order 5482.1B, Section
10 and DOE Order 0.18, Chapter XI.

2. A1 radiation protection program elements are audited (i.e.,
procedures, records, routine survey program, internal and external
dosimetry, instrumentation, calibration, etc.)

3. The internal audit i s conducted 2’/ individuals knowledgeable in
radiation protection but independent of the program of being audited.

4. Internal audits are conducted on a specified frequency, at least every
3 years.

5. Internal audits are documented.

6. Managamet is aware of findings and recommendations from the internal
audit and assures appropriate fol Towup action.

Accidents/Incidents

7. Procedures for investigation and documentation of accidents and
incidents are documented.

8. Investigations of incidents and accidents consider such factors as
a. The frequency of such losses to control.

b. Operations or workers that are "frequent repeaters" of
such incidents.

9. An attempt i s mede to determine and correct the cause of even minor
incidents. Upper management shows support of efforts to el iminate
even "mnor" incidents.

10. Management response to incidents is positive. There i s adequate
fol Yowup, including additional trainirng of workers to keep a1l
employees informed of the types of incidents that are occurring to
enhance their safety consciousness or awareness.

11 More serious accidents are investigated thoroughly and documented
and publicized appropriately. . Closeout procedures are in place.



12.

13.

14.

15.

16.

RP.2 (continued)

Management is willing to stop work i f necessary to ensure that any
corrective action is taken to preclude repetition of the accident.

Corrective action includes consideration of engineering design
changes, if warranted, to preclude repetition of the accident.

There i s evidence of adequate pre-job planning to reduce or minimize
the potential for an accident.

There i s documented evidence of training of workers in the high-risk
jobs to promote a safety awareness attitude.

Unusual Occurrence Reporting and Accident Investigation and
Reporting is consistent with DOE 5000.3 and DOE 5484.1.
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RP. 3 RADIOLOGICAL PROTECTION PROCEDURES AND POSTING

PERFORMANCE OBJECTIVE

Radiation protection procedures for the control and use of radioactive
materials and radiation generation devices should provide for safe
operations and for clearly identifying areas of potential hazards.

CRITERIA
Procedures

1 The radiation protection documentation system has a hierarchially
arranged’'system that allows the tracing of DOE Order requirements:

= From the Orders to policy
- From policy to contractor standards and controls
® From contractor standards and controls to procedures

2. The contractor has a written policy on radiation protection
(including ALARA).

3. Radiation protection standards, procedures, and controls have
recognizable or formal technical bases for limits, methods, and
personnel protection standards. They include sound radiological
requirements such as those recommended i n American National Standards
Institute (ANSI) and National Council on Radiation Protection and
Measurements (NCRP) documents.

4. Radiation work procedures (permits) are used for all radiation area
work.  These procedures are approved by health physics staff and
contain adequate provisions for:

= protective apparel

= work limitations

= job descriptions
radiological conditions
special instructions

5. Radiation protection procedures are adequately documented and updated
periodically. This includes, but is not limited to:

facility posting

- developing and maintaining all radiation protection records
- reporting unusual radiation occurrences

© operating radiation-generating equipment

- using radiation monitoring instruments

- using radiation sources (e.g., reference and calibration)
- tracking personnel medical evaluation

reporting radiation exposures



RP. 3 (continued)

using protective clothing

- responding to radiological emergency events
- survey and monitoring

- counting room equipment and procedures

- instrument maintenance and control control

6. Procedures and standards and controls program have a documented
approval system. Those who generate and those who use the program both
concur in the procedures.

7. The procedures and standards and controls program elements have
specific intervals for review and/or revision. There is a tracking
scheme to ensure that the required reviews and revisions occur.

8  The procedures and standards and controls program elements are
maintained in a centralized historical file. There is a designated
period of time that such files must be maintained.

Posting

9. The technical criteria, and dose rate and/or levels, for defining
radiation, high radiation, very high radiation, contamination, and
airborne radioactivity areas are established, documented, and
consistently applied.

10. Radiation levels are established and documented for when areas are to
be barricaded and marked to prevent inadvertent entry and when areas
are to be physically locked to preclude unauthorized entries.

11. Current radiation work permits (radiation zone entry permits) meeting
the requirements of the facility are posted at entrances to work areas.
They reflect actual working conditions. Out-of-date work permits
removed in a timely manner.

12. Results of radiation surveys of radiation areas are posted at the
entrance.

13. Airborne activity areas are posted to alert personnel to possible
respiratory protection requirements.

14. DOE required forms are posted in all facilities.

15.  Only trained, authorized personnel handle radioactive materials.

16. Areas where radioactive materials are handled or stored are clearly
and accurately posted.

17.  Entrance to areas where radioactive materials are used or stored is

restricted based upon established criteria.

Source Control

18.

Inventories of stored radioactive materials specify locations,

quantities, and characteristics, and are current and periodically
audited.



19.

20.

21.

22.

23.

RP. 3 (continued)
Procedures are in place to adequately control, label, handle, ship, and
receive source material. They do address ALARA principles.

Natural, depleted, or enriched uranium and natural thorium is stored
and processed separately from highly toxic alpha emitters.

Containers used for storage provide at least one barrier of
containment. More if warranted.

M inventory i s maintained of source material, which is audited by
management.

Leak checks are performed on all sources including calibration sources
in accordance with ANSI N54,2,

Radiation Generating Devices

24.

25.

26.

27.

28.

29.

30.

3l.

32.

33.

The radiation field around radiation ?enerating devices and radioactive
material has been well characterized (type, energy, and dose range
known) «

Operating procedures, interlock procedures, and warning signs are posted
at radiation-generating machine operating consoles and in target areas.

ANSI N43.2 and N54.3 are utilized, as appropriate, in establishing
radiological safety programs for radiation generating devices.

Fail-safe interlocks are used, tested, and documented on radiation
generating devices, and barriers are adequately used to ensure the
safety of operators and other personnel.

Set-points to activate interlocks or other safety systems (i.e., beam
shutters, warning lights, etc.) associated with radiation generating
devices are defined.

A sufficient number of warning lights are installed so that at least one
light is visible from occupied areas adjacent to the x-ray machine and
from all avenues of approach to such area.

The shielding design limit for x-ray machines « the dose rates in
adjacent areas to ALARA - dose rates are allowed in these adjacent areas
are defined.

Area radiation monitoring systems are used for radiation generating
devices.

Remote and local readout provided for radiation generating devices have
visible and audible alam capacity.

Specialized inspections and surveys of machines are performed
periodically and documented.



RP. 4 EXTERNAL RADIATION EXPOSURE CONTROL PROGRAM

PERFORMANCE OBJECTIVE

External radiation exposure controls should minimize personnel radiation
exposure.

CRITERIA

1 Effective exposure control methods are in use, which include:

Accurate and timely radiation level information for planning,
determining the boundaries of radiation and high radiation areas, and
posting entry requirements. The boundaries of these areas are
clearly identified and posted (see Posting RP.3).

"Hot spots"” are clearly posted.

Radiation work permits or similar controls to control exposures
associated with specific jobs (see RP3 = Procedures)

Controlling personnel exposures in work areas involving high exposure
rates by a combination of special tools, shielding, timekeeping, and
monitoring of accumulated exposure.

Routing personnel traffic through lower exposure rate areas; and
establishing waiting, staging, and office areas in low background
areas.

Controls to protect personnel from transient high radiation levels
such as those involved in moving radioactive materials.

2. Proper controls are used to minimize exposure to the skin and eyes,
e.g., by use of protective clothing and equipment.

3. The radiation exposure reduction program includes the following
whenever collective personnel exposure is expected to be significant:

planning for the work

work scheduling that provides for completion of exposure reduction
efforts prior to and during work and that ensures the order of work
provides the lowest exposures

job goals based upon estimates made using facility and industry
experience

job goals that are realistic but stringent enough to encourage
improvements



RP.4 (continued)

4. Specific job-related exposure reduction efforts are incorporated into
work procedures, including the following, where appropriate:

- use of temporary or permanent shielding;

- use of special tools;

- flushing and decontamination, as appropriate;

- pre-operational and post-operational briefings of personnel;

- specialized training and "dry runs" on mock-up equipment;

- use of auxiliary lighting and a working environment with comfortable
temperature and humidity and adequate space, where feasible ;

- adequate communication capabilities;

- assignment to the job site of the minimum number of personnel needed
to perform the work

5. Analysis of current practices and comparison with industry-wide
exposure controls are ongoing actions to achieve minimum exposures.

6 Exposure trends are monitored and actual exposures are compared to
established ALARA goals (see RP. 12). Actions are initiated to correct
a problem or adjust the goals as appropriate.

‘Note: Portions of RP.3, "Postings and Procedures"”; RP.8, "Instrumentation™;
RP. 11, "Radiological Monitoring/Contamination Control”; and RP. 12, "ALARA"
may apply to this section on external exposure control.



RP. 5 EXTERNAL DOSIMETRY (ROUTINE AND ACCIDENT USE)

PERFORMANCE OBJECTIVE

The routine and accident personnel dosimetry programs should ensure that
personnel radiation exposures are accurately determined and recorded.

CRITERIA

Routine Dosimetry

*1.

10.

12.

The program appropriately incorporates the requirements of ANSI Standards
13.5-1 972, N13.7, N319-1976, N323-1975 and DOELAP Standard for personnel
dosimetry systems.

Dosimeter (whole body and extremity) calibration facilities and
procedures are adequate to cover the range of exposures, energies,
and type of radiation anticipated.

Technical criteria and dose rate levels for assignment of extremity and
personnel dosimeters are established and documented.

Procedures to identify workers for whom monitoring is required and the
frequency with which their dosimeters are processed are available and are
technically based.

Personnel who enter radiologically controlled areas wear appropriate
dosimetry devices capable of accurately measuring whole-body and/or
extremity exposures from the types of radiation present.

Whole-body exposures dosimeters are worn in the proper' location and
manner to measure the highest whole-body exposure.

Extremity dosimetry devices are worn when performing work where extremity
exposures are likely to be significantly higher than whole-body

exposures.

Personnel exposure histories are readily available to those who are
responsible for exposure control (e.g., health physics and operational
supervisors).

Adequate field surveys of work locations are performed and documented
to determine when routine and special dosimetry are needed..

Personnel decontamination equipment, supplies, and procedures are
properly stored and routinely inventoried.

A quality control program is implemented and documented to evaluate
dosimetry program performance which includes intercomparison studies
and laboratory validation procedures.

Correction factors or other appropriate methods are employed to ensure

exposures from the types of radiation present and high and low energy
gammas are accurately recorded in rem.
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13.

14.

15.

16.

17.

18.

19.

20.
21.

RP. 5 (continued)

Dosimeter operations are performed by and results interpreted by
quali fied personnel.

Records- of personnel exposures and methods of determining exposures at
the facility are permanently maintained and retrievable.

The amount of error (error range) in the dose measurements from personnel
and extremity dosimeters using are documented.

The minimum detection levels of personnel and extremity dosimeters for
gamma, beta, and neutron radiation for the primary sources of radiation
that exist within the facility are documented.

The contractor participated or plans to participate in the Department of
Energy Laboratory accreditation Program (DOELAP) to test its dosimeter.

Actions have been taken to correct deficiencies identified by
participation in DOELAP,

I f appropriate, skin dose is measured and procedures for doing so
documented.

A procedure for estimating the dose from a lost dosimeter is available.

Visitors to radiation areas are monitored to determine any exposures.
Exposures are reported in accordance with DOE 5484.1.

Nuclear Accident Dosimetry (ANSI N13.3)

22.

23.

24.

25.

26.

27.

Fixed and personnel nuclear accident dosimeters meeting the criteria of
DOE 5480. 1A, Chapter 11 are available if sufficient quantities and
kinds of material to potentially constitute a critical mass as defined
by DOE 5480.5, are present and excessive exposure of personnel to
radiation from a nuclear accident is possible.

Performance of the personnel nuclear accident dosimeter has been
documented and verified by participation in an intercomparison program
(e.g., Oak Ridge National Laboratory).

Personnel dosimeters worn in radiation areas are adequate to cover the
range, of exposures and energies anticipated from an accident.

I f neutron dosimetry is not used, there is documented supporting evidence
to justify the use of neutron to gamma ratios to determine neutron
exposure.

Procedures, models, and methods are in place to characterize the source
terms involved in accidents.

In the event of an accident, backup dosimetry or instrumentation systems
exist for the determination of personnel dose.



RP. 6 INTERNAL RADIATION EXPOSURE CONTROL PROGRAM

PERFORMANCE OBJECTIVE

Internal radiation exposure controls should minimize internal exposures.

CRITERIA

1

*5.

Engineered controls are used when feasible to prevent the intake of
radioactive material. Examples are:

- Ventilation systems are balanced to ensure that air flow is toward
areas of higher contamination.

= Portable filtration systems are used to control airborne contaminants.

- Containment structures, such as tents, are used to protect personnel
working in adjacent areas.

- Unique fittings are used for the plant breathing air system.

Accurate and timely airborne radioactivity survey information is
available for determining the boundaries of airborne radioactivity areas,
posting entry requirements, and minimizing internal exposure to workers
during work activities. The boundaries of these areas are clearly
identified and posted.

Accurate and timely contamination survey information is available for
determining boundaries of contamination areas, posting entry
requirements and minimizing internal exposure to workers during work
activities. The boundaries of these areas are clearly identified
and posted.

Radiation work permits or similar controls are used to control personnel
entry into areas where airborne radioactivity exists or where radioactive
material may become airborne due to work being performed.

A respiratory protection program complying with ANSI Z 882 defines
responsibilities and requirements in the following areas (see PP.2):

training

control and use of respirators
- mask and fit testing
- breathing air purity

The number of areas where respiratory equipment is required is minimized.



RP. 6 (continued)

7. Monitoring data is used to perform trend analysis appropriate corrective
action is taken whenever there are significant numbers of positive
in-vivo and/or in-vitro counts observed, or when air concentrations are
elevated even though the observed levels are less than regulatory 1imits.

8. Eating, drinking, smoking, and chewing are not permitted in contaminated
or potentially contaminated areas.

9. Procedures and resources are available to perform dose calculations when
significant internal exposures occur.

Note: Portions of RP. 3, "Posting and Procedures"; RP-7, "Internal Dosimetry";
RP.IO, ™ Air Monitoring”; RP.11, "Radiological Monitoring/Contamination”;
RP.12, "ALARA", and PP2 (for respiratory protection) may apply to this
section on internal exposure control.



RP. 7 INTERNAL DOSIMETRY

PERFORMANCE OBJECTIVE

The internal dosimetry program should ensure that personnel radiation
exposures are accurately determined and recorded.

CRITERIA

1

The technical criteria employed to determined which employees are
included in the bioassay program, and the frequency of, bioassay are
documented and are consistent with ANSI N343, ANSI N13.30 (draft), and
ALARA practices.

The types of routine monitoring of workers (in-vivo and/or in-vitro) are
appropriate for the radionuclides present.

Personnel who perform work in radiologically controlled areas where a
potential for airborne radioactivity exists are monitored for internal
deposition of radioactivity as follows:

- at least annually

- prior to performing radioactive work, after initial employment, and
upon termination of employment

- whenever it is suspected that personnel breathed high airborne
radioactivity

periodically for those workers who have the highest potential for
breathing high airborne radioactivity

- following personnel contaminations, unless exempted by the
radiological protection manager or his designee

Procedures for the internal dosimetry program are documented and
updated periodically.

Trigger points to instigate an investigation of an intake or supposed
intake are established and technically based.

A quality control program, including the use of internal audit samples,
is employed by the contractor.

A radiation dose to organs is computed following an intake. |If doses are
calculated for some intakes but not for others, a technical basis for
deciding which intakes require dose calculations is established.

Procedures are employed to prevent cross contamination of (indirect)
bioassay samples.

Particle size and solubility of airborne contaminants to which a worker
has or may have been exposed are determined.
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10.

12.

13.

14.

15.

16.

RP. 7 (continued)

The contractor has a documented policy on work restrictions as a result
of internal exposure (i.e., to permit dose assessment and/or for
temporary or permanent work restrictions).

The frequency and timeliness of in-vitro and/or in-vivo bioassay and
notification of field personnel of results is appropriate for the
radionuclides present and the nature of the operations.

Procedures are established and documented to identify individuals who
fail to leave routine in-vitro bioassay samples.

Procedures for in-vitro and/or in-vivo bioassay of visitors, if
appropriate, to radiation areas are established and documented.

Procedures to identify workers for whom bioassay is required and the
frequency is technically based.

The minimum detection level for in-vitro and/or in-vivo bioassay
procedures are documented.

In-vivo counting equipnent is calibrated and maintained on an established

frequency.
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RP. 8 FIXED A\D PORTABLE INSTRUMENTATION (NORMAL AND BVERCENCY USE)

PERFORMANCE CRITERIA

Radiological protection instrumentation used to obtain measurements of
radioactivity or personnel dosimetry should be calibrated, used, and
maintained so that results are accurately determined.

CRITERIA

1 Instrumentation (normal and emergency) and instrumentation calibration
are consistent with ANSI N42.17, ANSI N323, ANSI N320, ANSI N317, ANSI
N43.1, and ANSI 13.10 as appropriate.

2. Instrumentation selection is based on objective criteria (such as
performance standards, facility requirements, etc. ). Selected
instruments are acceptance tested against those criteria to ensure they
are satisfactory, and results are documented.

3. Instruments are properly tested and calibrated periodically, and
adequate records of servicing and calibration are maintained by the
facility.

4, Technically based criteria are used to determine the frequency of
calibration and tests for operation.

5 The complement (number and types) of instruments are adequate to meet the
needs of both the routine and nonroutine health physics surveillance
program and are appropriate for the activities and sources present.

6. Instruments have current calibration stickers with appropriate
correction factors, and an adequate system for instrument recall
has been established.

7. Instrument calibrations are traceable to a recognized standard.

8. The facility has adequate arrangements for decontamination of operative
and inoperative instruments.

9. The calibration facility (onsite or vendor) has well characterized dose
rate profiles of the full range and type of sources needed to calibrate
instruments for the situations encountered in the facility, and is
periodically quality control checked.

10. The instrument repair facility has adequately trained personnel and
facilities to service the instruments in use in a prompt and safe manner.

11 Methods have been established to periodically test overload response,
temperature sensitivity, linearity, and stability.

12. I f special conditions, such as radio frequency fields, magnetic fields,

etc., exist that would require special instruments, these instruments
have been tested to ensure a lack of susceptibility to these factors.
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13.

14.

15.

16.

17.

18.

19.

21.

RP. 8 (continued)

A adequate supply of instruments that will operate up to 100 R/h is
available.

Adequate check sources are available and used for both energency and
routine instruments to ensure they operate properly prior to use.

'Extendable’ detectors are available for remote monitoring under accident
conditions.

The calibration facility can calibrate the high ranges and tests for
overload response and this is done periodically.

Procedures for workers to determine if instruments, such as hand and shoe
counters, are operating are available.

The numbers and locations of fixed instruments are adequate to assess
accident conditions (i.e., they would not be affected by elevated
background radiation and the readout will be accessible during a serious
emergency).

Fixed instruments alarm at a central location in addition to the alarm at
the instrument.

The exact locations of fixed instruments are documented (height above
floor, etc.) so that the shielding effect can be calculated from drawings
and the exposure rate in nearby locations estimated in the event of a
serious accident (i.e., a criticality accident).
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RP. 9 RESPIRATORY PROGRAM

PERFORMANCE OBJECTIVE

The respiratory program should ensure optimum protection against-internal
radiation exposures to workers.

COMMENT

The substance of this Performance Objective is now addressed in Performance
Objective PP.2, Chemical Contamination. Conclusions regarding respiratory
protection will be found in RP. 9 for Technical Safety Appraisals conducted
prior to June 1987.
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RP. 10 AIR MONITORING
PERFORMANCE OBJECTIVE

Air monitoring systems selection, location, calibration, and maintenance
should ensure reliable estimates of air activity for radiological control
purposes.

CRITERIA

1. A documented, acceptable air sampling and monitoring program is in
place, and is supported by sufficient studies (e.g., air flow patterns,
particle size distribution).

2. Air sampling and monitoring equipment are used are appropriate for
the nature of the operation and sources.

3. The nominal flow rates and sampling intervals used by the contractor for
grab sampling, continuous sampling, personal (i.e., breathing zone)
sampling, air monitoring, and emergency sampling are based on appropriate
technical criteria.

4, Appropriate filter media are used for particulates and radio-iodines.

5. Action levels, investigation levels, and maximum permissible
concentrations (MPC) used are based on appropriate technical criteria to
evaluate air sampling and monitoring results and determine necessary
control procedures.

6. The calibration procedures (and frequency) for the air sampling and
monitoring equipment are based on appropriate technical criteria.

7. The minimum detection limits (MDL) or minimum detectable activities (MDA)
for the specific radionuclides of interest. The detection levels provide
optimum worker protection and are appropriate for established action
levels, investigation levels, and MCP's are documented.

8. Results of breathing zone sampling are compared with area air sampling.
9. Appropriate radiation detectors are used to analyze air samples.

10. Adequate counting equipment for filters is available. The equipnent is
properly calibrated and maintained. Counting procedures are available
and followed by technicians. Adequate records are maintained to permit
QA/QC verification of sample results. Corrections for counting losses
due to absorption and/or backscatter within filters are made for
alpha and beta radiation.

11. Corrections for radon daughter product interference are made.

12. Procedures for calibration of air monitors are documented. Included are
source check, stability check, electronics check, and air flow
calibration,

13. Routine air monitor calibrations include minimum detectable activity;
energy dependence; efficiency; precision; response time; stability; alarm
threshold accuracy and stability; air flow accuracy and stability; air

in-leakage; and effects of temperature, humidity, and ambient pressure.
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RP.II RADIOLOGICAL MONITORING/CONTAMINATION CONTROL

PERFORMANCE OBJECTIVE

The radiological monitoring and contamination control program should ensure
worker protection from radiological exposures.

CRITERIA
A Radiological Monitoring

1 A documented radiological monitoring program is in place that includes
the frequency and location for radiological surveys.

2. Procedures'and criteria for completion of survey forms, acceptable survey
levels, evaluation of results, and reporting of off-standard results are
available.

3. Dose rate values are established for posting radiation areas and
approximate dose rates are posted.

4. Documented procedures are available and training conducted to ensure that
routine dose rate and contamination surveys are conducted in a manner
that is consistently repeatable in terms of location, use of smears, and
instrument interpretation.

5 Survey limits for breathing air are established. These limits are
related to the controlled area concentration values in DOE guidance.

6 The contractor surveys all sealed sources (e.g., reference and
calibration) on a designated schedule (at least annually).

7. Facility area monitoring readouts and alarms are adequate to inform
workers of workplace radiation levels.

B. Contamination Control

1 Adequate documented protective measures are employed, where
practicable, to maximize contamination control.

2 Leaks from radioactive systems are promptly contained and repaired, and
affected areas are decontaminated.

3 Unrestricted radiological contamination release levels for personnel,
equipment and materials, and facility surfaces are defined and comply
with appropriate standards.

4.  The system for unrestricted radiological contamination release (i.e.,
monitoring procedures, authority to release, etc. ) ensure that equipment
and materials removed from contaminated areas are not contaminated above
release levels and are not mixed with clean items prior to a final
release.

9 Contamination and dose rate limit for equipment and tools stored and used

only in radiation zones are established.
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10.

11.

12,

13.
14.

15,

16.

17.

18.

19.

RP. 11 (continued)

Methods such as coffer dams, drip pans, and containments are used to
minimize the spread of contamination.

Contaminated areas are clearly identified and have the contamination
levels and the protective measures required clearly posted at the
entrance.

Protective clothing removal procedures are posted at each contaminated
area control point.

Contaminated or potentially contaminated areas are adequately surveyed,
documented, and posted at specific frequencies, based upon the
contamination levels, traffic patterns, and occupancy levels.

Routine contamination surveys are conducted in areas that are not
normally contaminated. Frequency of those surveys is commensurate with
the potential for contamination and with the significance of finding
contamination in a particular area.

The contamination control program provides maximum accessibility to all
areas with minimum use of anti-contamination clothing.

Sufficient quantities of protective clothing are available, and are
consistently used where required.

Laundry procedures minimize spread of contamination.

Contamination control levels have been established. Controls are
employed for areas, equipment, materials, tools, and other items if
contamination levels exceed the established levels. Release surveys are
performed by qualified personnel.

Operations with a high potential for release of contamination are
performed in accordance with job-specific procedures that minimize the
potential for release.

The use of equipment capable of spreading contamination, such as blowers,
fans, and vacuum cleaners, is controlled to prevent the spread of
contamination.

Radiation work permits or similar controls are used to control access to
contaminated areas.

Procedures for use of step-off pads and the removal of protective
clothing are posted where such removal is required and are consistently
fol lowed.

Personnel exiting posted contamination areas are required to monitor
their whole body and extremities for contamination. For personnel
exiting a radiologically controlled area, the degree of monitoring is
based on the potential for contamination. Appropriate monitoring
equipment is available.
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20.

21.

22.
23.

RP. 11 (continued)

Portal monitors are not used as the primary monitoring method for
personnel contamination.

Maximum permissible personnel contamination levels (skin and clothing)
have been established. Detected contamination in excess of these levels
are investigated and documented as to source, probable cause, and other
pertinent information. Records of these investigations are maintained
and reviewed by radiological protection management for trends, and
corrective action taken as necessary.

Facilities for decontamination are available.

Adequate counting equipment for swipes is available. The equipnent is
properly calibrated and maintained. Counting procedures are available
and followed by technicians. Adequate records are maintained to permit
QA/QC verification of sample results.



RP.12 ALARA PROGRAM

PERFORMANCE

A formally structured, auditable program should be in place with -
established milestones to ensure that exposures are maintained As-Low-As-
Reasonably-Achievable.

CRITERIA

=<1 A documented ALARA program incorporating the guidance contained in

10.

DOE/EV/1830-T5 as appropriate is established and audited on a specified
frequency.

An ALARA coordinator or other staff has been designated with specific
ALARA responsibilities. These responsibilities are documented and
integrated into the radiation protection program.

The ALARA program and its results reflect management commitment to
ALARA.  The radiation workers are convinced of management's commitment
to ALARA. The radiation workers themselves committed to ALARA

ALARA goals are established that are measurable and realistic.

The methods and procedures to evaluate ALARA data on a specified
frequency are established.

The ALARA data can be used to identify operations and activities that
may need extra attention.

ALARA reviews routinely performed prior to issuing radiation work
permits.

ALARA is discussed in training given to radiation workers.. Specific
methods are described for limiting exposure.

Meetings are held to discuss complex radiation work with high exposure
potential. Dry runs are conducted with "cold" systems.

Facilities have been surveyed to locate any sources of nonproductive,
low-Tevel radiation exposure and such sources have been eliminated.

Trend analysis is performed by craft and facility type for both routine
and repetitive operations. Management reviews these analyses on a
specified frequency and takes action as appropriate.



RP. 13 RECORDS

PERFORMANCE OBJECTIVE

Records related to occupational radiation exposure should be maintained in a
manner that permits easy retrievability, allows trend analysis, and aids in
the protection of an individual and control of radiation exposure.

CRITERIA

1

Comprehensive records related to occupational radiation exposure are
systematically generated and maintained consistent with ANSI N13.6. The
records include:

- Radiation records related to an individual, e.g., prior exposure
history bioassay data, dose assessment methodology, personnel dosimetry
results, etc.

- Radiation records related to the status of work areas, e.g., radiation
surveys, air sampling result, etc.

- Records that describe the technical and administrative basis for
radiation protection programs, e.g., standards, policies, procedures,
methods of dose evaluations, etc.

- Records of unusual occurrences, accidents, and incidents, e.g.,
investigations, corrective action, follow-up, etc.

Records related to occupational radiation exposure are adequate to
demonstrate compliance with DCE 5480. 1B, Chapter 11 to meet the
reporting requirements of DOE 5484.1A for employees and visitors, and
the records retention requirements of DOE 1324.2

There are sufficient cross references in the records to ascertain on what
data and by which technician a given personnel dosimeter or in-vitro
and/or in-vivo bioassay sample was processed or measured. A given in vivo
measurement? A dosimeter?

Records are maintained in a centralized location, protected from loss,
such that the level of effort required to retrieve all the records
relevant to a given incident (including field monitoring records, air
sampling data, bioassay analysis, in vivo measurement, dose
assessments, etc.) would be minimal.

Documented procedures for record maintenance, including length of storage
are established for all records (e.g., instrument calibration, testing,
area monitoring results, exposure history, etc.).

Records are used to determine ALARA programs are efficacious (i.e., dose
trend analyses, etc. is performed).

Employees are provided with an annual report of their occupational
exposure history.

Visitors are provided information with respect to their exposure in
accordance with DOE 5484.1.
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