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SECTION 1 - INTRODUCTION AND PURPOSE - 3869

1.1 General - Scope

The Westinghouse Materials Company of Ohio places the safety of its
employees and that of the general public first on its list of

- priorities. Official corporate policy on the subject of safety is as
follows: _

-No task shall be considered so important or so urgent that

~ employees need risk injury to themselves or others, risk
damage to equipment, or risk disruption of operations in
carrying out work assignments. Whenever other work
objectives may conflict with safety, safety shall be given
first consideration.

As defined by Site Po]icy and Procedure FMPC-505, radiation safety at
the FMPC is a line management responsibility.

This manual presents the specific radiation control requirements,
responsibilities and protective measures that are employed by
Westinghouse Materials Company of Ohio (WMCO) in the operation of the
Feed Materials Production Center (FMPC), as well as some of the
underlying.information that forms the basis for those radiation
controls. The requirements of this manual take precedence over any
other FMPC topical manuals and departmental procedures on radiological
control. Where conflicts exist, the Manager of Radiological Safety
shall be contacted.

The radiological safety requirements in this manual are based on the
recommendations and requirements of the Department of Energy, the
Environmental Protection Agency (which has incorporated the functions of
the Federal Radiation Council), the National Council on Radiation
Protection and Measurements, the International Commission on
Radiological Protection, the Department of Transportation, the U.S.
Nuclear-Regulatory Commission, the State of Ohio, and on standards which
have been reviewed and accepted by the U.S. Public Health Service and
U.S. Department of Labor (Occupational Safety and Health
Administration). Thus, they compare with radiological safety standards
used throughout the United States and the rest of the world. Compliance
with the requirements in this manual is mandatory.

Radioactive materials in several forms are present during operations at
the FMPC. These materials must be handled carefully by all personnel to
avoid unnecessary radiation exposure. The presence of potential hazards
from radiation exposure and radioactive contamination in otherwise
normal jobs requires the establishment of protective controls. .The cost
and time required to perform a job are increased by the additional
training and equipment, limited working cond1t1ons, and added personne1
to effect radiological controls. The major purpose of this manual is to
— - - -establish-requirements -that will ensure satisfactory control s

exercised over exposure of personnel to radiation and radioactive

12
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contamination. The achievement of lower exposures through ALARA 369
practices represent a balance between work performance and prescribed
limitations of cost and manpower .

NOTE: It must be clearly understood that in_emergencies where personnel
health and safety are involved, life saving actions of personnel
take precedence over the radiological controls specified in this
manual.

1.2 Summary - Policy and Responsibilities

Radiological controls are necessary at the FMPC to protect personnel in
areas where radiation sources are used, radioactive materials are
handled and in areas where potentially contaminated materials may be
located. The major sources of radioactive contamination and radiation
exposure are in the processing and inspection areas of the facility.
Additional sources of radiation and radioactive contamination are
encountered in the operation of radiation generating devices, certain
instruments and the handling and processing of waste materials generated .
during the production cycle, and the handling of radioactive samples.
These operations can cause external radiation exposure to involved
personnel and could cause internal deposition of radioactivity if proper
controls to prevent the generation and spread of contamination are not
followed. The types of rad1at1on encountered may be alpha, beta, gamma,
neutron or X ray.

FMPC operations are performed according to operating procedures which
contain instructions for handling equipment and materials. These
procedures and the designs of equipment involving radiation or
radioactivity shall include radiological control considerations.
Implementation of the requirements in this manual are required to ensure
adequate radiological control.

The radiological control requirements of this manual include but are not
limited to:

o Control of external radiation exposure to personnel by means of
personnel monitoring, area monitoring, shielding, and planning and
execution of radiological work.

o Control of internal radiation exposure to personnel by containing
contamination, using anti-contamination clothing (Anti-C clothing)
and respiratory protection, and identifying areas and levels for
control of surface contamination. :

o Control of radioactive wastes.

o Decontamination of radioactively contaminated material.

0 Procedures for receiving, transferring, storing and shwpp1ng
radioactive materials.

~ - o Training of personnel in sound radiological work practices.

1-2
FIPC-T-2657-1 (REV 5/12/87)
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NOTE: The requirements in this manual are the minimum requirements
necessary to assure radiological safety under most situations. In
unforeseen situations, personnel are expected to perform
additional measures and take additional precautions as deemed
necessary to provide adequate protection.

Requirements are specified throughout this manual. The word "shall"
indicates a requirement and compliance is mandatory. The word "should"
indicates a recommendation. Experience has shown that compliance w1th
the “should" has improved radiological controls.

The responsibilities of carrying out the radiation control policy are
shared by management and each employee. Employee responsibilities
include being aware of radiological conditions and alert to potential
radiological prob]ems Requirements for working in Radiological Areas
are described in Section 5.

1.2.1 Management Responsibilities for Radiation Control

The WMCO Management responsibilities include:

0o Provide necessary equipment to safely control radiological
conditions.

0o Provide appropr1até training in methods and procedures for
keep1ng exposures as low as reasonably achievable (ALARA) and
for minimizing or Timiting spread of contam1nat1on

0 Maintain records of occupational rad1atlon doses and, upon
written request, provide employees with a copy of their
historical recorded occupationa] radiation doses.

0 Prov1de each employee with an annual summary of h1s/her
recorded occupational radiation doses.

0 Notify each affected employee of any radiatlon dose which
exceeds the DOE occupational dose limits promptly after the
dose determination has been made.

o Inform each emp1oyee, upon termination of employment, of the
procedure to obtain a written summary of his/her cumulative
recorded occupational radiation doses received during
employment at the FMPC.

o Notify employees of the above responsibilities by posting
Occupational Safety and Health Protection for DOE Contractor
Employees at Government-Owned Contractor-Operated Facility
notice DOE-F-5480.5 (9-83).

-0 Control the use of rad1at1on sources to keep radiation
exposures as low as reasonably achievable (ALARA).

1-3
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General responsibility for administration of health and safety programs
relative to FMPC operations and its surrounding environment rests with
WMCO’s Quality and Safety (Q&S) Department. Onsite radiological safety
functions are centralized in the Radiological Safety Section. A summary
of tasks performed by this section are as follows:

o Conduct routine radiological monitoring of personnel areas,
buildings, equipment, materials, vehicles, and trash.

o Provide radiological monitoring of chemical and metals plant
_operations, receipts, and shipments of radioactive materials and
renovation and construction projects.

o Evaluate work conditions and pract1ces for adequacy of radiation
protection.

o Plan, initiate, and evaluate programs for air monitoring,
contamination control, and radiation exposure reduction.

0 Provide technical support for assessing radiological impact of new or
modified facilities and procedures.

o Conduct radiation safety training program.
o Operate a sitewide radiation source control program.

1.3 - Pertinent Terms and Concepts

Throughout this manual many terms and concepts are frequently used.
These are defined within the content of this document. In addition, a
glossary of terms appears as an Appendix A to this manual. Though some
terms are used less frequently in this manual, they are included for
completeness of the material presented. :

1.3.1 Airborne Radioactivity Area - Any area within a radiological area
where the routine potential exists for airborne radioactivity
concentrations greater than 0.8 DAC-hours per shift.

1.3.2 Contamination Area - Any area within a radiological area where
~ high potential for contamination exists, or where known levels of
nonwork surface contamination exceed the radiological area limits.
Decontamination is mandatory when surface contam1nat1on exceeds
the contamination area limits.

1.3.3 Controlled Area - Any area to which access is controlled in order
to protect individuals from exposure to radiation and radioactive
materials.

1.3.4 DAC - Derived Airborne Concentration; the average concentration of
a radionuclide suspended in air that if inhaled or ingestsed for a
2000-hour working year, would irradiate a person to the limiting

_ radiation dose-value for-control -of-the workplace.  DAC-hours is
the time (hours) at the DAC value.

19
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radiation dose value for control of the workplace. DAC-hours is
the time (hours) at the DAC value.

External Exposure - The dose of radiation received by an
individual from a source of ionizing radiation outside the body.
Measurements of external radiation doses are made for penetrating
and nonpenetrating radiation.

Fertile Female - Any female employee below the age of 50, unless
exempted by the Medical Services Section.

Internal Exposure - The dose of radiation received to the
internal organs of the body from radionuclides ingested, inhaled
or absorbed into the body.

Ionizing Radiation - Any radiation capable of displacing
electrons either d1rect1y or indirectly from atoms or molecules,
thereby producing ions. Examples: alpha, beta, gamma, X rays,
and neutrons.

Nonpenetrating Dose - The radiation dose to the skin at a depth
of 0.007 cm.

Nonradiological Area - Any area within the plant or facility
which is kept essentially free of surface contamination and/or
elevated radiation fields. The annual effective dose equivalent
received by individuals from contaminated surfaces in
nonradiological areas shall not exceed 100 mrem per year above
background.

Nonwork Surface - The surfaces of the following items are
considered nonwork surfaces: floors, walls, ceilings, walkways,
external surfaces of process enclosures (cell housings, glove
boxes, etc.), handrails, doors, windows, electrical utilities,
HVAC components, and plumbing fixtures.

Penetrating Dose - The radiation dose penetrating all tissue
beyond the skin surface at a depth of 0.007 cm.

Radiation - Energy emitted in the form of alpha, beta, gamma,
neutron or X ray during the process of radioactive decay of an
unstable atom, or by the operation of a rad1at1on generating
device.

Radiation Dose - A quantity (total or accumulated) of energy
deposited by ionizing radiation in tissue. The term "dose" is
often used in the sense of exposure, expressed in roentgens.

This is distinguished from the absorbed dose, given in rads, that
represents the energy absorbed from any radiation in a gram of
any material. A third quantity, the dose equivalent, given in
rem, is a measure of the biological damage to 11v1ng tissue from

16

the rad1at1on absorbed dose. o -
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1.3.15 Radiation Source - A radionuclide or machine which emits ionizing
radiation. Radionuclide sources are classed as sealed or
unsealed. .

1.3.16 Radiation Worker - Any individual who, in the course employment,
. is expected to receive 10 percent or more of the annual
occupational radiation dose. Also, any individual who works
directly with radioactive material or radiation generating
devices.

1.3.17 Radiation Work Permit - A permit to administratively control
nonroutine tasks or routine tasks which. 1nvo1ve the potential for
significant radiation exposures.

1.3.18 Radiological Area - Any area within the plant or facility where
radioactive materials or elevated radiation fields are present or
where access is controlled to protect individuals from radiation
or radioactive materials but where operations and job activities
are such as to result in limited potential nonwork surface
contamination. Radiological areas may include radiation areas,
contamination areas, airborne radioactivity areas, and respirator’
areas. The level of surface contamination may be identified as
Zone 2 or Zone 3.

1.3.19 Radiological Control Program - Those programs that have been
developed for the safe handling of radioactive material and
control of personnel exposure to ionizing radiation.

1.3.20 Radioactive Contamination - A deposit of uncontained or unwanted
radioactive material typically on the surface of structures,
areas, objects or personnel. It may be carried in air or
liquids.

1.3.21 Radioactivity - The spontaneous emission of radiation, generally
alpha or beta particles, often accompanied by gamma rays or
X rays, from the nucleus of an unstable atom.

1.3.22 Radioactivity Quantities and Units - Curie is the basic unit used

to describe the amount of radioactivity in a sample of material.
It is based upon the approximate decay rate of 1 gram of radium
which is 37 billion disintegrations per second.

Curie (Ci) = 3.7 x 10" disintegrations per second = 2.22 x 10"
disintegrations per minute. :

M1111cur1es (mCi) = 3.7 x 107 d1s1ntegrat1ons per second
2.22 x 10° disintegrations per minute.

[}

M1crocur1es (uCi) = 3.7 x 104 d1S1ntegrations per second
2.22 x 10% disintegrations per minute.

1.3.23 Work Surface - The surfaces of the following items are considered
work surfaces: hand and power tools,_process and process support-
“equipment accessible to human contact, equipment to be reworked,

1%
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interior surfaces of process enclosures (cell housings, glove
boxes, etc.) when accessible to personnel, product and waste
storage containers, and related items used in-house to transport,
handle, process, fabricate, or store radioactive materials.

1.3.24 Respirator Area - Any area within a radiological area where
actual airborne radioactivity concentrations exceed 2.0 DAC-hours

per shift when averaged over one calendar quarter or 8.0 DAC-
hours during any single shift.

1-7
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SECTION 2 - RADIATION DOSE LIMITS

The radiation dose limits and administrative dose controls identified in
this manual are used for controlling personnel occupational radiation
exposure (Radiation that is received as a result of medical or dental
exams is not included in occupational radiation exposure.). The limits
and controls in this section are for exposure to ionizing radiation
associated with operation of the FMPC.

These limits are such that no significant difference in biological
effects in comparison to the general population are expected, even if
exposures extend for a lifetime at thése tevels. Nevertheless, these
radiation protection limits stress maintaining personnel exposure as low
as reasonably achievable (ALARA). To this end, WMCO has established
administrative dose controls at levels well below the DOE limits to
ensure personnel do not exceéd the limits and to maintain dose to
individuals and the total work force ALARA.

2.1 Radiation Exposure Limits

The radiation dose limits identified in this manual have been
promulgated by the DOE and are consistent with the requirements of .
Federal agencies such as the EPA, NRC and OSHA and recommendations of
scientific organizations such as the NCRP. The limits as established by
DOE Order 5480.11 are listed in Table 2.1.

The 1imit for occupational whole body dose can only be exceeded in the
event of an unusual situation. During emergency situations personnel
may volunteer to exceed normal exposure limits for life saving rescue
and other emergency situations. The potential exposures due to the
emergency are subject to limits approved by the Emergency Duty Officer.

Limits and administrative dose controls have been established for
different categories of individuals which are described below.

2.1.1 Radiation Workers

Radiation workers are individuals that come into contact with
ionizing radiation or have the potential of being routinely
exposed to levels above the dose 1imits for the general population
in the performance of their job. Due to the nature of their work
and the potential to receive an exposure from ionizing radiation,
.certain limits have been established for the radiation worker and
for body organs exposed to radiation. More restrictive limits
have been established for the public. The limits are mandated by
the DOE and are consistent with those recommended by the NCRP (see
) Table 2-1). A permanent record of occupational exposures received
during the course of employment is kept for each radiation worker.

FIPC-T-2657.1 (REV 5/12/87)
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TABLE 2.1 369

RADIATION DOSE EQUIVALENT LIMITS

Expdsure Category _ , Annual Limit (rem)

wMco®  pog®
Occupational -
Whole body , A 3. 5¢2)
Lens of eye . : : -.9 15
A1l othér organs, skin and extremities 30 50
Unborn chi]d'(entire gestation period) 0@ 0.5

General Public

A1l Pathways

Whole body,
prolonged period of exposure . 0.1

Airborne Emissions Only

Whole body - | - ' 0.025.
Any organ _ : : ' 0.075

(1)  Occupational radiation exposure 11m1ts per DOE Order 5480.11; radiation
exposure limits to the general publlc per Draft DOE Order 5480. XX
(03/18/88)

(2) Limited to a lifetime effective dose equiva]ent of 100 rem.
(3) Administrative dose controls established by WMCO.

(4) Restricted to dose equ1va1ent accumulated at the time pregnancy is
confirmed.

P

. 2-2
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The 1imit for external exposure to the whole body is the most
restrictive and it pertains to penetrating exposure. The whole
body includes essential blood forming organs and gonads. The
limit for radiation exposure to the lens of eye is less
‘restrictive. For all other organs the radiation exposure limit is
least restrictive. The limit for all other organs includes
exposure to the skin, extremities or the total radiation dose
received by internal organs whether from external or internal
radiation. Extremities include hands, forearms, feet and legs.

Planned special exposures (non-emergency) are "allowed in h1gh1y
unusual situations where alternatives which would avoid higher
exposures are unavailable or impractical. The annual occupational
dose received or anticipated to be received in that year, shall
not exceed 2 times the annual effective dose equivalent limit.
Planned special exposures require the approval of the Head of the
DOE Field Organization. Documentation of planned special
exposures shall be maintained in the individual’s occupational
exposure history.

2.1.2 Occasional Radiation Workers

Occasional radiation workers are those individuals who do not
routinely work with or are in the proximity of radiation
generating devices or radioactive materials but whose duties could
occasionally bring them into areas where radiation exposures could
occur. Their occupational exposures are routinely kept at less
than 10 percent of the occupatlonal dose limits.

2.1.3 The Fertile Female

Rad1at1on exposure of an unborn child sha]] not exceed 500 mrem
from occupational sources. This is achieved by restricting the
radiation exposure of the female employee to 500 mrem in a nine
month period.

A1l female employees below the age of 50 years shall be considered
as fertile unless exempted by the Medical Services Section. The
Radiological Safety (RS) Section shall identify job
classifications and work locations in which female employees are
likely to receive 500 mrem (or greater) effective dose equivalent
in a nine month period.

Fertile females have a responsibility to immediately notify the
Medical Services Section to arrange for a pregnancy.test when
pregnancy is suspected. Upon the verification of pregnancy, RS
shall not1fy the supervisor of any work restrictions. The
supervisor has the responsibility to change the work ass1gnment
based on recommendations of RS.

22
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When a fertile female’s personal dose equivalent level reaches 400
mrem in less than a nine month exposure period, a negative

pregnancy test shall be required to verify nonpregnancy and

establish a new zero exposure and a new nine month exposure )
period. Fertile female employees who are expected to receive in
any 30 calendar day period exposure in excess of 500 mrem
penetrating radiation shall be required to verify nonpregnancy
within seven days prior to the authorization of the assignments.

- After the assignment has been made, reverification
_ of nonpregnancy shall be required at two week intervals or at the -

2.1.4

2.1.5

discretion of Radiological Safety based upon exposure assessments
of the job.

Any female employee confirmed to be pregnant shall be restricted
to work areas that do not require the use of dosimetry during the
time of pregnancy. She shall meet with the Manager of
Radiological. Safety or designate who shall explain the potential
hazards associated with exposure to ionizing radiation during
pregnancy, and answer associated questions that may arise. The
necessity for a change in work assignment shall be assessed by Q&S
and a restriction letter, if required, forwarded to the
supervisor. Every effort should be made to reassign the employee -
to an available job within the job classification having minimal
exposure potential. If assignment is not possible within the
employee’s classification, the employee should be reassigned to an
open position for which the employee is qualified. Any provisions
of applicable bargaining agreements shall apply. Work assignments

-for nursing mothers shall be evaluated by Q&S for radiological

conditions. Nursing mothers should generally be restricted from
areas and work that could lead to skin contamination or exposure
to airborne radioactivity in excess of 1/10 the allowable alrborne
levels of radioactivity.

Minors

An individual under age 18 shall neither be employed in, nor
allowed to enter, Radiological Areas in such a manner that he or
she exceeds a limiting value of 0.1 rem per year from the sum of
the committed effective dose equivalent from internal irradiation
and the annual effective dose equ1valent from external
irradiation.

General Public

The dose limits to the general public are established by DOE Order
5480.XX (3/15/88) and 5480.11 (12/21/88). The calculation of dose
to members of the general public are based upon ICRP Publication

30 models and parameters used by DOE environmental programs. Dose

FMPC-T-2657-1 (REV.5/12/87) .
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‘equivalent limits for any member of the public from all routine

DOE operations ¢’ exclusive of natural background and medical
exposures shall not exceed 0.1 rem/yr.

. To preclude an individual in the general population from receiving

this amount of exposure, action levels have been established for
airborne emissions as follows:

Dose Equivalent Action Levels

mrem/year
Whole Body Dose : S 25
Any Organ 75

These action levels are for routine operations and exclude medical
and natural background exposure. This dose value is an
administrative 1imit which will require a specific evaluation of
the magnitude of identifiable exposures to an exposed individual
by the. responsible DOE Field Office. _

The effective dose equivalent received by any member of the public
resulting from exposure during direct onsite access at the FMPC
shall not exceed a Timiting value of 0.1 rem per year from the
committed effective dose equivalent from internal irradiation plus
the effective dose equivalent from any external irradiation. In
addition, exposures shall not cause a dose equivalent to any
tissue (including the skin and the lens of the eye) to exceed 5
rem per year. “

NOTE:

(1) Routine DOE operations means normal planned operations and
does not include actual or potential accidental or_unplanned-
“releases.

24
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SECTION 3 - DOSIMETRY

3.1 External Radiation refers to the radiation from sources that are
outside the body. Some examples are beta radiation from ingots
and derbies as well as gamma radiation from the same sources or X
rays from radiation generating devices. In order to control the
amount of radiation exposure an individual receives, a means of
-measurement must be utilized. The principle instrument used at
the FMPC for personnel monitoring is the thermoluminescent

~dosimeter or TLD. This monitoring device shall be worn by all
personnel entering the production areas except certain commercial
vehicle drivers. The TLD is a multi-chip instrument that responds
to gamma, X ray, beta, and neutron radiation. Neutron sensitive
elements in the TLD badge are evaluated only in the event of a
criticality accident. It shall be worn below the neck and above
the waist to be representative of the major portion of the body in
measuring the whole body dose. In addition to the multi-chip
dosimeters, ring dosimeters are worn by selected employees as
determined by Q&S. The dosimeters shall be exchanged at a
frequency defined by Q&S. An exposure record shall be maintained
for each individual. Individuals may, upon written request,
receive an official copy of their cumulative exposure history for
work at FMPC. Individual exposure- records may be reviewed in the
Dosimetry & Instrumentation Section office during the first shift.

The Q&S Department provides dosimeters for FMPC employees,
visitors and subcontractors; operates and maintains dosimetry
processing equipment; and records and reports dosimetry results.
In addition, Q&S identifies personnel for whom dosimetry is
required, utilizing information from 1ine management, when
required. Appropriate personnel dosimetry is required for
radiation workers having the potential to exceed in a year any one
of the following from external sources (DOE Order 5480.11):

"(a) One hundred mrem annual effective dose equivalent to the
whole body;

(b) Five rem annual dose equivalent to the skin;
(c) Five rem annual dose equivalent to any extremity;

(d) One and a half rem annual dose equ1va1ent to the lens of the
eye

Q&S also sets external monitoring action levels for investigation,
changing work assignments, and restricting personnel from
additional radiation exposure; performs exposure 1nvestlgat10ns,
and informs line management of work restrictions.

A1l FMPC employees, visitors, and subcontractogs_gre responsible _
- - - - — for wearing dosimeters whenever they are required in accordance
with the usage rules listed below for each type of dosimeter. On

occasion individuals may be required to participate in special.

’ | 26
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studies which involve the wearing of special dosimeters in . OO~

addition to their personal TLD. Failure to follow dosimetry

.procedures is listed as a serious offense under the WMCO Rules of

Conduct.

Line management shall provide information on work assignments as
requested by Q&S in order to enable evaluations of required
participation in the dosimetry program, or evaluations to
determine which employees should be issued permanent dosimeters.
On occasion line management will make these determinations for

) their own personnel, utilizing criteria supplied by Q&S. Line

- management shall be responsible for implementing work restrictions

upon notification from Q&S that such restrictions are necessary.

3.1.1 MWhole Body Dosimetry Requirements

Whole body thermoluminescent dosimeters (TLDs) are utilized
to estimate personnel radiation exposures to "uniimited"”
areas of the skin, the lens of the eye, and to the whole
body. A multi-element dosimeter, with each element covered
by different thicknesses of filtration, measures the
magnitude of radiation exposure, as well as the manner in
which the radiation is attenuated by an absorbing medium. A
calculational method, called an algorithm, is used to
determine the radiation dose at specific depths into an
absorbing medium which correspond to the location of the
tissues of interest for internal dosimetry. The specific
depths, expressed in density thicknesses, of the tissues of
interest are:

Skin 7 mg/cm?
~ Lens of eye 300 mg/cm?
Whole body 1000 mg/cm?

The Q&S Department is responsible for developing suitable
algorithms for the radiation types that exist at FMPC, and
for maintaining the quality of the reported radiation
exposures. The whole body external dosimetry program is
subject to the requirements of the Department of Energy
Laboratory Accreditation Program for dosimetry processing
(DOELAP), which are contained in DOE Order 5480.15 and the
various documents referenced therein.

Requirements for issuing dosimeters, processing dosimeters
(including frequency of processing), storing dosimeters, and
reporting of dosimetry results are established by Q&S. A1l
FMPC employees, visitors, and subcontractors are responsible
for compliance with the requirements listed below for whole
body dosimeter usage.

3-2
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a. Dosimeters shall be worn at all times in areas where they
are required; these areas are posted "TLD Required for
Entry" or a similar message.

b. Dbsiméters shall be worn on the torso, outside of aill
clothing unless directed otherwise by Q&S.

c. Personnel shall wear only the dosimeter that has been
assigned to them.

" d. Dosimeters shall be stored in desiQnated‘stOfagé racks
when not being worn.

e. Dosimeters shall remain at the FMPC.

f. Lost or damaged dosimeters shall be immediately reported
to supervision or to Q&S, and a replacement dosimeter
obtained from Q&S.

3.1.2 Extremity Dosimetry Requirements

The FMPC extremity monitoring program utilizes single-
element thermoluminescent dosimeters mounted in ring badges.
On occasion, wrist dosimeters may be used for special
studies. Extremity dosimeters are processed and calibrated
in order to determine the radiation dose to the_skin of the
extremity, i.e., at a density thickness 7 mg/cm.

Q&S shall identify personnel who are required to wear
extremity dosimetry. Requirements for issuing dosimeters,
processing dosimeters (including frequency of processing),
storing dosimeters, and reporting results are established by
‘Q&S. A1l FMPC employees, visitors and subcontractors are
responsible for compliance with the requirements listed
below for extremity dosimeter usage.

a. Dosimeters shall be worn by personnel designated by Q&S
as requiring extremity dosimetry.

b. Dosimeters shall be Qorn on the palm side of the hand,
- under gloves unless directed otherwise by Q&S.

c. Personnel shall wear only the dosimeters that have been
assigned to them.

d. Dosimeters shall be stored in designated storage areas
when they are not being worn.

e. Dosimeters shall not be removed from FMPC.

f. Personnel shall immediately report lost or damaged- - - - -
dosimeters to supervision or to Q&S, and obtain
replacement dosimeters from Q&S.

28
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3.1.3 Nuclear Criticality Accident Dosimetry

Permanently mounted dosimeter units shall be located by Q&S
throughout each work area where enriched nuclear material is
handled. These dosimeters contain eight metal foils- and
three pellets of various materials each of which are
activated by a neutron flux such as occurs in a criticality
accident. By analyzing the radioactivity in these foils and
pellets the amount of neutron absorbed dose 1n each area can
be determined.

3.2 Internal Radiation

Internal radiation monitoring at the FMPC is routinely
accomplished by performing in vitro and in vivo bioassay
measurements. The Q&S Department defines the internal radiation
monitoring program for FMPC employees, visitors and
subcontractors. Q&S is responsible for identifying personnel for
whom internal monitoring is required, determining what type of
bioassay measurements will be performed, setting the frequency of
measurements, performing bioassay measurements or arranging for
them to be performed by other qualified laboratories, and
interpreting bioassay results. . In addition, Q&S establishes
internal monitoring action levels for investigation, restricting
work assignments, and restricting personnel from additional
radiation exposure; performs exposure investigations; and informs
. line management of work restrictions.

Internal radiation monitoring is required for all radiation
workers exposed to surface or airborne radioactive contamination
where the worker could receive 100 mrem annual effective dose
equivalent from all intakes of all radionuclides from occupational
sources, or if any organ or tissue dose equivalent could exceed 5
rem annual dose equivalent (DOE Order 5480.11). Q&S shall
identify those individuals for whom internal monitoring is
required, utilizing information from 1ine management when
necessary. Line management shall provide information on work
assignments as requested by Q&S in order to enable evaluations of
required participation in an internal monitoring program. On
occasion, line management will make this determination for their-
own personnel, utilizing criteria supplied by Q&S.

A1l FMPC employees, visitors and subcontractors are responsible

for reporting for in vivo examinations when scheduled, and for
leaving excreta samples for in vitro analysis when requested

Failure to comply is considered a serious offense under the WMCO
Rules of Conduct and may result in disciplinary action or R
restriction from radiologically controlled areas.

3.2.1 Urina]ysi ' , | .

‘Most urine samples co]lected at the FMPC for internal
radiation monitoring are grab samples from single voidings.

29
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Aliquots of these samples are analyzed for total uranium,
and the results are reported as concentration of uranium in
the sample (mg U/L). These samples are screening samples,
intended to identify potential intakes of uranium which can
then be further evaluated by additional bioassay
measurements. The schedule for collecting routine samples
and the criteria for collecting non-routine (1 e., incident
or special samples are established by Q&S.

Special urine samples are collected as required by Q&S.

Reasons for collecting special samples include, -but are not - -
limited to, analysis for uranium isotopes, analysis for
radionuclides other than uranium, evaluation of daily . .
excretion of radioactive material without relying on

standard models for relating urinary concentration to da11y
output, and special studies.

Fecal Analysis

Fecal ana]ys1s is not performed routinely, but is performed
when urine sampling is not adequate or appropriate for the
radionuclide and chemical form of interest; or when it is
helpful in determining the magnitude and nature of a
suspected intake of radioactive material. »

In Vivo Monitoring

In vivo monitoring is the detection and quantification of
radioactive materials in a subject’s body by means of
measuring the photons emitted from the subject’s body or
certain organs within the body. In September, 1988, an In
Vivo Examination Center (IVEC) was placed into service at
the FMPC, with routine operation commencing in December
1988. This facility utilizes intrinsic germanium detectors
inside a shielded counting chamber to provide sensitive,
high resolution measurements of radioactive materials that
- emit low energy photons.

By June, 1989, a second in vivo monitoring device will be
placed into service in the same facility. It is a whole
body scanning device which utilizes a thick NaI(T1) crystal
to measure radioactive materials that emit higher energy
photons, although with considerably poorer resolution than
the germanium system.

Prior to September, 1988, routine in vivo monitoring was
accomplished at the FMPC by using the Mobile In Vivo
Radiation Monitoring Laboratory (MIVRML), which was rented
from the Oak Ridge Y-12 Plant for limited periods of time
each year, starting in 1986. A limited amount of special in
vivo monitoring has also been performed, both before and

~- -—after-start-up-of the FMPC IVEC, at other facilities as thé—

need arose.
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Starting with CY-1988, internal dose assessments are
performed for identified intakes of radioactive material
that are dosimetrically significant. Dose assessments are
performed according to ICRP-30 methodology, except that Q&S
may modify the approach if.recent publications or actual
bioassay data indicate that it is appropriate. In general
dose assessments are based-on bioassay data, rather than air
sampling results. However in circumstances when bioassay
data are not available or not appropriate, air sampling
results can be used to estimate internal exposure at the
discretion of Q&S. Dose assessments from exposure to radon
and its decay products will generally be based on air
sampling results.

Starting in CY-1989 results of dose assessments shall be
The information
that is retained in those records ‘includes the following:
a. For each intake of radioactive material, the year the
intake occurred;

b. Radionuc]ide(s) involved in each intake;

c. Annual effective dose equivalent received in each
calendar year;

d. Annual dose equivalent to organs or tissues of interest
in each calendar year; .

e. Committed effective dose equivalent from intakes
occurring during each calendar year;

f. Committed dose equivalent to organs or tissues of
interest from intakes occurring during each calendar
year.

Reports to Employees

Starting with CY-1986 results, annual external exposure
totals for skin and whole body have been reported to
individuals at the end of the calendar year. Starting with
CY-1989 results, employees shall receive a summary of
annual, cumu]at1ve, and committed effective dose equivalent
at the end of each year. In addition, these results, along
with more detailed information concerning a worker’s
exposure, are provided to employees upon their request.

-FIPC-T-2687-1 {REV 5/12/87)
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4.1 WMCO ALARA Programs | ‘

4.1.1

4.1.2

Statement of'Po1icv

It is the policy of WMCO to keep radiation doses to

employees, subcontractors, visitors, and the public as low

as reasonably achievable based on sound cost-benefit

analyses. The WMCO ALARA Program is accomplished through

several aspects of the ALARA concept which are: o

o To keep all radiation exposures to each WMCO employee
ALARA.

o Maintain radiation doses to all subcontractors and
visitors ALARA.

0 Maintain the annual cumulative radiation dose to all
personnel ALARA.

. o: Maintain the annual cumulative radiation dose to the

general public ALARA.
Responsibi]ities for the implementation and effectiveness of
WMCO’s Radiation Protection/ALARA Program are shared by WMCO

management, all departments, all other WMCO employees, and
all subcontractor management and personnel.

Responsibilities

A. WMCO President, Vice Presidents and Managers

o Enforce rules, implement requirements and develop
procedures necessary for an effective radiation
protection and ALARA program.

o Elicit support for the WMCO Radiation Protection/ALARA
Program from all WMCO employees.

o Support the department Managers in effective
implementation of the Radiation Protection/ALARA
Program.

o Identify locations, operations, and conditions that
have the potential for causing exposure or
environmental releases that are not ALARA.

-0 Specify and accomplish goals and objectives for WMCO
operations which 1ncorporate the WMCO ALARA philosophy
and objectives.

04/26/89
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o Review all process equipment and facility designs to
ensure that the potential for significant radiation
. exposures and environmental releases are minimized.

0o Review all modifications of equipment or facilities to
ensure that radiation exposures and environmental
releases are ALARA.

0 Ensure ALARA considerations are engineered and
incorporated into designs, 1nsta1]at10ns, and
retrofitting of equ1pment

Manager, Quality and Safetz (0&S)

The Manager of Q&S is responsible for implementation and
optimization of the Radiation Protection Program. He is
also responsible for ensuring adequate radiation
protection for all FMPC personnel. Other
responsibilities include:

o Ensure that all operations involving work with
radioactive materials is supported by adequate
radiation protection coverage.

o Provide for emp]oyment of a qualified rad1at1on
protection staff.

0 Recommend a comprehensive radiation exposure control
program for all FMPC personnel.

0 Review and recommend changes in procedures to ma1nta1n
occupational exposures ALARA.

o Promote the deve]opment of training programs related

to work performed in radiation areas or with
‘radioactive materials.

o Support the collection, analysis, and evaluation of

radiological data and information as it pertains to
the Radiation Safety/ALARA Program.

. Radiological Safety Section (RS)

‘The RS Section is respohsib1e for the technical

development and adequacy of the Radiation
Protection/ALARA Program. RS also has the ongoing

FLAPC-T-2657-1 (REV §/12:81)
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responsibility for surveillance and supervisory action in
the enforcement of the program. The section also has the
responsibility to: .

o Identify locations, operations, and conditions which
have the potential for causing significant personnel
exposures to radiation.

o Maintain a routine surveillance program including air
sampling and surface contamination measurements in all
nominally occupied areas.

o Review and recommend changes in standard operating
procedures to maintain exposures ALARA.

o Participate in the development and imp]ementafion of
training programs related to work in radiation areas
or involving radioactive materials.

o Conduct special investigations of radiation exposures
which are near or exceed established administrative
and regulatory guidelines or are outside of the
expected norms.

~ 0 Review all pfocess equipment and facility designs to
ensure that the potential for significant radiation
exposures and environmental releases are minimized.

0 Review all modifications of current equipment or
facilities to ensure that radiation exposures and
environmental releases are ALARA.

o Ensure ALARA considerations are engineefed and
incorporated into designs, installations, and
retrofitting of equipment.

D. The WMCO ALARA Task Team

It is the philosophy of WMCO management that ALARA
objectives and goals shall be derived and established by
the departments incurring the exposure, with technical
guidance provided by RS Section rather than goals being
developed by the RS Section and imposed on operating
groups. Each organization incurring exposure shall be
accountable for the results of its ALARA program.

To coordinate the establishment and implementation of
ALARA goals, a Task Team shall be formed. The Task Team
shall consist of employees from each major department
(three from at least the major areas of production)
within the company who are experienced and knowledgeable
‘of FMPC design features and operations. These
-——individuals—-are—assigned-to—develop—the ALARA program.—
The department managers are responsible for appointment
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of Task Team members and implementation of the ALARA
program. '

- The ALARA Task Team shall:

(0]

Ensure the direction of the ALARA‘pfogram through
ALARA objectives and goals, and integrate management’s
ALARA philosophy and DOE regulatory requirements.

Ensure that ALARA objectives and goals are established
by the operating departments 1ncurr1ng the exposure

Act as a review and adv1sory group, whose pr1mary

functions are to review ALARA related topics (i.e.,
processes, operations, procedures, etc.) and major
sources of radiation exposure with the intent of .
identifying means for their reduction.

Establish the direction of the WMCO ALARA Program by
establishing and 1mp1ement1ng fiscal year ALARA
objectives and goals.

Ensure that the status of ALARA goals and objectives
as well as the direction of the ALARA program are
reviewed on a regular basis and inform management when
attainment of ALARA objectives appears jeopardized.

Report to management and DOE on a regular basis
concerning the status of ALARA goals and the direction
of the ALARA program

Make recommendations to top-Teve] management on ALARA
reviews made by the team.

E. FMPC Employees

The WMCO ALARA program is only as effective as each
employee’s ALARA performance, therefore’ a]] employees
'shall:

0

Comply with all radiological safety rules, procedures,
and work permits, established by management and by the
Q&S Department.

Report to management or the Q&S Department, process
malfunctions or violations of rules, or procedures,
that could result in an increased rad1o]og1ca] hazard
to an individual or to-the environment.

Suggest improvements for the Radiation _
Protection/ALARA Program and for the radiologically

safe operation of workplace processes and equipment.

FLaPC-T-2657-1 (REV 5/12/87)
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o Keep his/her radiation exposure using all ALARA
principles and concepts when performing radiological
work or when entering a radiation area.

4.1.3 The Radiation Protection/ALARA Program

An active Radiation Protection/ALARA Program can be very
effective in lowering radiation doses or maintaining '
radiation doses at low levels.

The basis of the Radiation Protection/ALARA Program shall
include a comprehensive set of procedures, job planning
concepts, record keeping functions, and specialized
equipment and radiological assessment. WMCO shall
prepare for and preplan all radiological work. For
routine work, operating procedures shall be developed.
For nonroutlne work special preplanning and work
procedures or permits shall be developed. The ALARA
“concepts integrated into the Radiation Protection/ALARA
Program and into the development of routine and
nonroutine operating procedures shall be as follows:

o Special radiological projects shall require radiation
dose budgets and the incorporation of ALARA principles
and concepts into work procedures prior to the
initiation of work. Radiological work shall be
planned and performed such that the total dose to all
workers (person-rem) and to each individual is ALARA.
A transient scope of operations is the principal
characteristic of special radiological project.

o Operating procedures shall be developed for routine
performance of radiological work at the FMPC.

"o Job preplanning, work procedures, and worker briefings
shall be conducted prior to nonroutine radiological
work. Rehearsals of work to be performed in radiation
areas shall be performed in low background areas prior
to entry into the specific radiation work area when
practical.

o Radiological surveys and monitoring shall be conducted
to obtain information with respect to radiation
levels, contamination levels, and airborne radiation
concentrations as appropriate. These surveys and
monitoring will provide the data necessary to
establish the radiation safety requirement to be
incorporated into the radiological work procedure to
keep exposure ALARA. Surveys and radiological
monitoring shall continue during normal operations and

e prior-to-and during-nonroutine operat1ons as required --- -
by the RS Section.
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o Radiation exposure rates shall be reduced either by

" decontamination, shielding or by removing radioactive
sources from the work areas as appropriate in order to
keep radiation doses to workers ALARA. oo

o Temporary/portable shielding shall be used to reduce
radiation dose rates in the workplace whenever
circumstances do not preclude its use.

o The ALARA concepts of minimizing time in a radiation
area, maximizing distance from sources, and use of
shielding shall be applied to all aspects of radiation
work in order to keep exposures ALARA.

o Radiation Work Permits shall be used for specific jobs
to document job requirements and to control radiation
exposures. Supervisors requesting the work procedure
shall review the prescribed protective features before
the start of work.

o Temporary or portable exhaust ventilation systems
shall be used where practical in order to keep
radioactive air concentrations ALARA. Uses shall
include jobs such as welding on contaminated surfaces
etc.

0 Protective equipment such as anti-contamination
clothing, respirators, dosimetry devices, and
monitoring equipment shall be used in the workplace as
required by Q&S to keep radiation exposures ALARA.

o The Q&S Department and all other departments shall
constantly search for and develop new ways to conduct
both routine and nonroutine radiation work ALARA. A1l
Radiation Work Permits shall be reviewed by the
Radiological Safety Section to ensure proper
documentation of radiological work and evaluate
radiation exposure and work practices.

Facility and Equipment Design Features

The design of facilities, processes, and equipment
necessary for the performance of work involved with
radioactive materials prov1des one of the first and best
opportunities for ensuring radiation exposures are kept
ALARA.

When des1gning or modifying radiological facilities,
processes, and equ1pment the following factors sha]l be
considered:

- -——-—————0—Rad¥ation-Shielding—— ———-—— - — ——-—— —
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o Control of Airborne Contaminants (Ventilation)

o Access Control of Radiation Areas

o Contamination Control (Isolation and Decontamination)
o Need for Local Change Rooms
o Radiation Monitoring Systems
_ 0 Design shall Timit. exposure to one-fifth.of the - ---. -— . -
applicable DOE dose limits (i.e., 1 rem/year whole
body) and take into account ALARA considerations.

o Environmental Protection Systems:

Gaseous - HEPA filtration, dust collectors, scrubbers,
demisters, etc.

Liquid - Water treatment systems.
A1l facility or prdcess design/modification involving a

radiological environment shall be reviewed and approved
by the Radiological Safety Section.

Engineering Contro]s for Facility Design/Modification

The concept of maintaining ALARA radiation exposures shall be
incorporated into the design of all facilities at FMPC (DOE Order
6430.1A, FMPC 2069). ALARA indicates that no level of exposure is
acceptab1e if it can be reduced by some reasonable effort given
the Timitations of economics and practicality. Personnel exposure
levels, under normal operating conditions, of less than 1/5 of the
permissible dose equivalent limits shall be used as a design
objective. Design factors to consider are: occupancy time,
source terms, spacing processes, equipment, and shielding.

The following shall be considered in designing new equ1pment or
modifying a facility:

0 Primary means for assuring personnel proteet1on shall be
through physical safeguards, e.g., remote handling equ1pment
shielding, ventilation, etc.

o Protective coatings shall be used where appropriate to aid in
_decontamination, but shall comply with the ANSI standards.

o Interior surfaces of components and facilities as well as
layout of ducts and pipes, shall be designed to minimize
buildup of contamination.

Eggipmeht,and,components_requining_fnequent~servicing-shallAbe——vu——éé——
located in areas with the lowest practicable radiation fields
and outside process enclosures if possible.

=/
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Ventilation systems shall be designed to assure proper control

of airborne contaminants. Redundant equipment should be
provided in all exhaust systems servicing contaminated and

-potentially contaminated areas. The system should permit easy

and safe access for servicing.

Decommissioning requirements shall be considered in the design
of facilities and equipment.

New equipment or modifications to existing equipment shall be
designed in such a manner that a minimum of "hands on" contact
with the product is required. Remote handling tools, robotics,
etc., should be utilized. Appropriate training shall be given
to employees in the use of these tools to minimize any negative
impact on production. In many cases, an increased productivity
should result along with significantly reduced exposures.

Enclosures shall be designed with a negative pressure in
respect to the surrounding environment. The exhaust from these
enclosures shall be routed through a filtration media before
being vented to the atmosphere.

4.2.1 Ventilation Systems

Plant ventilation equipment shall be designed and used to
remove contamination from the work area. The optimum
ventilation design causes contaminated air to be moved away
from the work area and shall be equipped with a filtering
system to prevent s1gn1f1cant amounts of contamination from
reaching the environment. The Industrial Ventilation Manual
published by the American Conference of Governmental
Industrial Hygienists shall be used as a design guide for
air monitoring systems for both new and old systems. All
booths and enclosures for radiological processes shall have
controls on the outside and be provided with acceptable
ventilation as determined by the Q&S Department. Visual
flow indicators are located near the operating station of
ventilated hoods and enclosures. These indicators give
assurance to operators that proper ventilation is being
maintained.

4.2.2 Storage of Radioactive Material

This criteria applies to all new and old warehousing
facilities to ensure radioactive materials will be stored in
an organized and controlled environment providing and that
exposures are kept as low as reasonable achievable (ALARA).

Storage Definitions

) Inter1m Storage - Storage outs1de the work area for six
~-—  months or less. ~—- ' '

i1
iy}
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Short Term Storage - Storage for more than six months but
less than three years.

Long Term Storage - Storage for more than three years;

Temporary Storage - Work place storage within a plant.

Design Criteria Requirements

0

Stored radioactive material shall contribute less than 5

percent of the dose rate or less than 0.5 mrem/hr.,
whichever is less, (as measured at the work station) to
the individual radiation workers whole body or skin dose.

The storage facility for radium and thorium shall be
ventilated through a properly designed filter system
which removes radon and thoron daughters and complies
with DOE/EPA limits.

Dose rates at the warehouse exterior shall not exceed 0.5
mrem/hr.

Radioactive materials shall be stored in such a manner as
to facilitate access (where access is necessary) and
minimize exposure during storage, access, and retrieval.

Radioactive material storage facilities shall be
designated as either long term, short term, interim or
temporary storage facilities.

Uranium storage drums and facility" elpha surface
contam1nat10n shall be maintained at less than 1000
dpm/100 cm?.

Alpha surface contamination on thorium storage containers
and floors shall be maintained at less than 1000 dpm/100
cm® while the material is.being stored.

Work area exposure rates from temporarily stored
radioactive materials shall not exceed 0.5 mrem/hr.

The exposure rates within work area locations at interim
storage facilities shall be maintained to less than 2.5
mrem/hr. .

Short term and long term storage facilities with exoOSure
rates in excess of 100 mrem/hour must be locked and will
require a RWP for entry.

As necessary an appropriate type of shielding shall be

provided to control exposure rates within nominally
occupied warehouse facilities.
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0 Routine air samples shall be collected while anygeq
warehouse is being accessed in such a manner as to define
the airborne contamination within the work area.

Radiological Engineering Evaluation

Radiological Safety Section evaluations are required on all
projects involving changes in plant equipment or operations that
involve radioactive material. The evaluation must be made to
ensure that personnel are provided the maximum protection from

‘exposure and that all radiation control regulations are followed.

To ensure that ALARA is practiced in the workp]aée the following
guidelines shall be considered:

Preliminary Planning

Prior to preparation of the detailed work procedure for a specific
job, the following items shall be considered to minimize exposure:

Many of the methods for reducing exposure to
radiation require considerable planning, construction, and
training prior to the start of work. Advance planning allows new
ideas to be incorporated into the process.

Delete Unnecessary Work: -Determine exactly what is to be
accomplished. If secondary work can be accomplished in
conjunction with the primary task, it should be planned and
scheduled. An example would be to remove waste material either
during or immediately after the task is completed. Do not allow
the material to remain until a later time and require another work
group to reenter the area for material removal.

Know Expected Radiation Levels: Radiation-surveys shall be
performed periodically in any facility utilizing radioactive

materials. Reports of these surveys provide information on the
general radiation levels encountered in most work. These
radiation surveys provided in conjunction with inspections or
other activities can define the nature of the radiation fields and
identify favorable locations where personnel may take advantage of
available shielding, distance, geometry, and other factors that
affect the magnitude of the exposure rate or the port1ons of the

~ body exposed to radiation.

Where sufficient advance notificdtion of work is provided, it is
possible to obtain more detailed surveys. Interpretation of
surveys can often be improved if requests for detailed surveys are
accompanied by photographs, drawings, or sketches on which RS
Technicians can record or indicate the location of the radiation
levels measured. In addition, a survey of work areas prior to
starting the work will be necessary to determine any changes from
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Consider Design Changes: If existing equipment needs replacing or
facilities require modification, consideration shall be given to
design changes which could be made to reduce exposure to
radiation.

Administrative Controls for Radiological Safety

4.4.1 MWork Procedures

Detailed written work procedures shall be used for routine
jobs which might result in the spread of airborne
radioactivity or surface contamination. Use of formal work
procedures is essential in maintenance and repair work.

Such detailed procedures shall include or reference
information for minimizing exposure to radiation and
limiting the spread of contamination. Each of the following
items shall be incorporated, as applicable, into the work
procedures.

Plan Access To and Exit From Work Area: In plans for access
to and exit from the work area, include a convenient and
large enough location for donning and removing anti-C
clothing, for briefing personnel before entry and for
surveying personnel for radioactive contamination. Where
considerable work is to be done in a highly contaminated
area, provide direct access from the work area to a change
area. Plan the entrance and exit to radiological work areas
to avoid having personnel waiting in areas where significant
radiation levels exist; for example, locate the personnel
monitoring station so that when several people are leaving a
work area they do not have to wait inside a radiation area
while the people ahead are self-monitoring.

Provide for Service Lines: Plan in advance for service
lines, including lines for air, welding and ventilation, and
specify, in the work procedure, methods to minimize exposure
to radiation associated with their installation, maintenance
and removal, and to control their interference with
personnel access. Minimize the number of 1ines going into
and inside a radiologically posted area. Minimize
unnecessary accumulation of equipment. 'Use types of lines
that can readily be decontaminated or use covers for the
lines to prevent their being contaminated.

Provide Communication between workers inside areas with
significant levels of radiation or contamination, and
supervision and RS Technicians oytside the area. Provision
of communication devices, headsets, or speaker systems can
reduce radiation exposure by reducing the time required to
- make decisions- on-matters-not-foreseen in written work™
procedures. Avoid the condition where headsets become
contaminated with the potential of causing contamination of
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subsequent users. Use of a communication system also allows
supervising personnel to maintain effective control of a job
even though continuous visual observation is impractical
because of high radiation levels.

Remove Sources of Radiation: Significant reductions in
radiation exposure can be obtained by eliminating some
sources of radiation. The following are examples:

Unused plant components and hot spots which significantly
contribute to the general area radiation levels may be
reduced by cleaning and shielding. A hot spot is an area
that normally has individual radiation levels greater
than five times the general work area.

Perform as Much Work as Practicable Qutside Radiation Posted
Areas: Prefabrication shall be considered to minimize the
work done in radiation posted areas; for example,
prefabrication of temporary sh1e1d1ng to reduce installation

‘ t1me

"State Requirements for Standard Tools: By requiring
supervisors to determine standard tools known to be needed

for the job and requiring that they be available near the
Jjob location, radiation exposure of working personnel
waiting for tools can be minimized.

Consider Special Tools: For certain jobs, special tools or
Jjigs may allow major reductions in radiation exposure
through simplification, reduction in time, or reduction of -
mistakes. These tools should be designed, built, and tested
on full-scale models prior to their use in radiation areas
if previous usage experience does not exist. In addition,
individuals using these tools for the first time should be
trained in.the proper use, handling, and restrictions of the
tool prior to use in the rad1at1on area.

Estimate Dose: After planning the details of the work
procedure where exposure to significant radiation levels
will be experienced and prior to performing the work, an
estimate of the dose to be expended on the job should be
made. This estimate should be based upon radiation levels
measured at the work location, and the estimated time it
will take in radiation fields to complete each phase of the
job. The estimate should reflect experience ga1ned by
others who have performed similar work.

Examination of dose estimates might cause an assessment of
the details of the work procedure. For example, special
tools might be developed to reduce working time. During and
after the work, the actual dose received shall be compared
e o =-wo- - —with the estimates. -Determining -the -reasons for — - -
discrepancies promptly and correcting them can reduce
radiation dose.

44
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Consider Accident Situations: Potential accident situations
and unusual occurrences (such as gross contamination,
leakage, pressure surges, fires, personnel injury) should be
considered during the preparation of the work plans.
Contingency planning can reduce the potential for such
occurrences and enhance the capability for expeditiously
coping with the situation if they occur. -

Inspection Requirements for Radiological Controls

It is necessary to include steps requiring radiological
control inspections in detailed work procedures. Typical
situations which may require verification of work area
radiation levels prior to onset of work are 1) during
removal of items from a system, Z) after flushing of a
procsss system, and 3) after running a different process
batc

Radiation Work Permit (RWP)

Policy

Radiation Work Permits shall be issued for the performance
of any task that involves exposure to radiation or
radioactive material and for which there is not an approved
work procedure. Radiation Work Permits are also required
for tasks performed under approved work procedures if those
tasks involve work in high radiation fields or in areas
where radiation fields are variable or unknown. The RWP
identifies the work activity, the associated radiological
conditions and protective measures required to accomplish
the work (see Figure 4-1).

The requesting supervisor initiates a RWP by describing on
the RWP form the work to be performed, and arranges for a RS
Technician to perform a radiation survey. It is the
responsibility of the RS Technicians to complete the
radiation survey, calculate the maximum time allowed by the
work permit, specify work precautions, issue pocket
dosimeters (if required), and read pocket dosimeters,

It is the responsibility of the worker(s) involved with the
job to read the description of work on the RWP and
understand the work restrictions. They will signify that
they have been informed of the radiological protective
requirements on the RWP by signing the form.

A Radiological Safety Technician shall be in attendance at

any job where the following conditions are defined and until

the condition no longer exists:

1. Whenever airborne radioactivity is greater than ten times
the derived air concentration (DAC) 1imits (Appendix B).
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2. Whenever the average removable surface contamination on
acce551b1e work surfaces is greater than 100,000 dpm/100
cm? beta/gamma or 10,000 dpm/100 cm? alpha.

3. Whenever penetrating whole body dose rates for the job
exceed 100 mrem/hr or whole body skin doses exceed 1
rem/hr.

~ 4. Whenever there is a high potential for radioactive ‘
»enV1ronmenta1 re]ease I o

5. Whenever work procedures could cause changes in the work
environment - such that any of the above criteria cou]d be
met.

Procedure

The requesting supervisor shall describe work on the RWP
form in sufficient detail so as to leave no quest1ons of
what is to be done and then shall sign it.

Requesting supervisor notifies RS Technician of the work to

be done.

The RS Technician determines if the area has been properly
prepared for work. Loose contamination shall be
cleaned/vacuumed from the immediate area by personnel
designated by the requesting supervisor. The potential for
external exposure from radioactive materials stored in the
area or from nearby contaminated equipment shall be reduced
by the use of rubber mats or other approved shielding.

If the sources of airborne contamination cannot be
eliminated, respiratory protection shall be required.

Air sUpp11ed respiratory protection is required for all
work inside enclosures where uranium is hand]ed and which
are not normally occupied.

Air supplied respiratory protection shall be required if
significant amounts of radioactive material are airborne
in the work area at the start of work or if there is a
potential for the creation of airborne contaminants due
to the nature of the work (see Section 8). Examples
would be: welding on a contaminated surface, cleaning up
spills of dry material, and changing dust collector bags.

Half-mask respirators may be worn on lower risk or more
contained dust jobs. An example would be: removing
pipes or ductwork where uranium bearing materials could

FMPC-T-2657-1 (REY $/10,817)
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Determination of Time Limits - A time limit for work

performed under the RWP will be established by one of the
following methods:

Weekly Exposure Controls - Weekly dose control values
that are used to establish work permit time limits are:

Whole Body Penetrating 150 mrem
Skin 300 mrem
Extremities 1500 mrem

Quarterly Dose Controls -'Quarteflyrdbée control values

that are used to establish work permit time limits are:

Whole Body ’ 2400 mrem
Skin _ 4000 mrem
Extremities 20,000 mrem

These are 80 percent of the occupat1ona1 quarter]y dose
limits.

‘The Manager of Radiological Safety is responsible for
determining when quarterly dose limits will be used for
calculating the maximum time allowed on a work permit.

The time limit will be set by whichever dose rate is
limiting, i.e., the one which allows the shortest time.

If the extremity dose is 1limiting, the RS Technician will
issue the worker a pair of finger rings. The dosimeter pair
the worker is issued can be kept the whole month. The
worker should record the ring dosimeter numbers on the
drawer used for storage.

After the work permit is completed, the requesting
supervisor will review the precautions required for the job,
have the person(s) doing the work read the permit and sign
it, signifying that they have been informed of the '
radiological protection requirements. The RS Technician
also signs, dates, and inserts the time of RWP issuance.

After all signatures are on the RWP form, the RS Technician
will give the first copy to the requesting supervisor for
posting at the work location. The second copy is retained
for Radiological Safety Section records. The third copy of
the RWP is forwarded to the cognizant Radiological Safety
Engineer for review and evaluation of exposure control.

The work permit shall remain in force for the duration of
the job, not to exceed seven calendar days, as long as
conditions remain the same, i.e., all materials, equipment,
shielding, and structures that were present when the survey

_ _was_performed have not been adjusted or moved-during the: — — =

performance of work in such a way as to modify the
conditions of the original permit. These control measures

48

FIAPC-T-2651-1 (REV 5/12,87)

4-16




NUMBER: REVISION: ISSUE DATE:

FMPC-2084 1 qpn 04/26/89

A\ VRV

may include requiring the use of a spec1a1 tool, shielding,

protect1ve clothing, etc.

Time Timits and extremity dosimeters shall also be required
if exposure rates dictate their use. The environment of
nominally occupied work locations where radioactive material
is handled wll be sampled for airborne radioactive
concentrations. This information may be used -as a tool for
determining the need for modifications of equipment to
improve the work environment and reduce exposures.

Special instructions shall be given to employees prior to
working on grossly contaminated items, such as bag filter
changes, cleaning of large ventilation ducts, use of
containment devices, etc.

49
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5.0 Requirements for Working in Radiological Areas

Radioactive materials in several forms are present during operations at
the FMPC. These materials must be handled carefully by all personnel to
avoid unnecessary radiation exposure.

The presence of potential hazards from radiation exposure and
radioactive contamination in otherwise normal jobs requires the

- establishment of protective controls. Requirements that assure N

- satisfactory control are exercised to control exposure of personnel to
radiation and radioactive contamination are defined in this section.
These requirements are grouped into three parts; those that define
access control to radiological areas, those that pertain to work in the
area, and finally, those requirements applicable to exiting from the

. - area. ' '

5.1 Radiological Area_ Access Control Requirements
5.1.1 Radiological Area Designations

The area within the FMPC where radioactive materials or
elevated radiation fields are present is defined as a
‘Radiological Area. Access into this area is controlled to
minimize personnel radiation exposure. The Radiological R
Area includes the production area, designated sections of
the Technical Laboratories and Waste Storage Area. Within
the Radiological Area, other areas may be defined depending
on the level of radioactive contamination or radiation
present. Each area is posted with signs that state the area
designation and precautions or restrictions which apply. A
summary of these area designations follows:

Radiological Area: Those areas where radioactive materials
are handled but the "actual" contamination or the potential
for contamination on surfaces is low, provided that
procedures are followed and equipment performs as designed.
Monitoring of personnel and equipment shall be performed
prior to movement from a Radiological Area. Monitoring
equipment is provided and must be used by personnel prior to
breaks, lunch, or exiting the plant site. Some operations
performed in the Radiological Area may require personnel
protective equipment. For specific work activities (e.g.,
maintenance involving opening of uranium process equipment)
with the potential for creating significant contamination
levels, a temporary contamination control zone may need to
be established. )

5-1
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Radiation Area: The Radiation Area designation refers to
those areas where the external exposure is greater than 2.5
mrem/hr but less than 100 mrem/hr. For areas of greater
exposure High Radiation Area and Very High Radiation Area
designations may be required. (See Section 6)

Contamination Area: Any area within.a Radiological Area
where a high potential for contamination exists, or where

" known levels of contamination exceed approved values. (See

Section 7)

Airborne Radioacfivity Area: - Any area where the routine
potential exists for airborne radioactivity concentrations.
(See Section 8) : .

Respirator Area: - Any area where respiratory protectioh is
required. (See Section 8)

Radiatioh Safety Training

Radiological Area workers shall successfully complete the
Radiation Worker Training Program before any unsupervised
work assignment is made (see Section 13). A1l other
employees will receive Radiation Safety Training
commensurate with the employee’s job assignment. This
training shall be successfully completed every two years.
WMCO’s construction contractor, RUST Engineering Company
shall provide radiation worker training for its employees
and subcontractors. Vendors and personnel providing short
term repairs on nonradiological equipment shall be provided
a brief orientation of the FMPC operations and safety
programs. A1l visitors entering the Radiological Areas of
the FMPC shall be escorted by a-qualified radiation worker
unless the visitor has satisfactorily completed Radiation
Worker Training. Drivers of delivery vehicles are exempted
from training requirements.

Dosimeters

A1l contractor and subcontractor personnel except drivers of
delivery vehicles shall wear a TLD to enter the Radiological
Area. A radiation dosimeter will not be issued unless
training qualifications are current. Visitor badges shall
be issued for short-term visits of l1ess than one month.
TLD’s shall be kept in designated storage racks when not
being worn.

Protective Clothing

Employees handling process materials or ma1nfa1n1ng or

renovating equipment or structures shall make a complete. _{

change of personal clothing to protective clothes and shoes.
Personal articles shall not be stored in the Radiological.-

Area.
92
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Protective clothing, such as laboratory coats or smocks, and
shoe covers may be required to enter Radiological Areas as
determined by Radiological Safety. E

5.1.5 Food, Beverages, Smoking

Food, gum or chewing tobacco shall not be carried into the R
Radiological Area. Beverages or beverage ingredients in '
closed containers may be carried from nonradiological areas

to break areas in the Radiological Area. Beverages are
available and may be consumed in break areas and designated
offices in addition to prescription medicine. Smoking is
permitted only in designated areas. ‘ 'R

5.1.6 Open Wounds, Medical Tests with Radionuclides i

The existence of open wounds shall be reported to the
Medical Services Section prior to work in Radiological
Areas.

Personnel who are returning to work following tests or
therapy with radioisotopes shall report to Medical Services.
Generally, workers will be excluded from the Radiological
Area until the radioactive material is eliminated from the
body. This is because radiation from medical radioisotopes
cannot be d1st1ngu1shed from contamination by radioactive
materials in the Radiological Area which an individual could
contact.

5.2 Work in Radiological Areas

Radiological controls at the FMPC are necessary in areas where
radioactive materials are handled and in areas where potentially
contaminated materials or personnel may be located. The major
‘sources of radioactive contamination and radiation exposure are in
the production and inspection areas of the facility. Additional
sources of radiation and radioactive contamination are encountered
in the handling and processing of waste materials generated during
the production cycle, the operation of radiation generating
devices and the handling of radioactive samples. These operations
can cause external radiation dose to involved personnel and could
cause internal deposition of radionuclides if proper controls to
prevent the generation and spread of contamination are not
followed. The follow1ng rules shall be followed by individuals to
control or minimize radiological hazards:

o Obey prompt]y, "stop work" and “evacuate" orders of IR
Radiologica] Safety personnel.

0 Obey posted, written and verbal radiological contro] [R
1nstruct1ons

0 Near persona] dos1metry devices and air samplers as required by )R
signs, procedures, labels, or by Radiological Safety personnel.

93
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o Maintain an awareness of personal radiation dose status to

avoid exceeding limits. Report prior or concurrent ’R
occupational radiation dose to-the Dosimetry Section.

0 Remain in as low a radiation exposure area as practicable.
o Lloitering in radiation areas is prohibited.
o Eat, drink, chew, or smoke on]y in designated areas.

0 Wear Anti-C clothing and resp1ratory protect1on equwpment [R‘,_ L
properly when they are required in order to minimize spread of
contamination to the skin and internal deposition of
contamination. Anti-C clothing shall be removed as directed by
Radiological Safety personnel.

o0 _Monitor for contamination with hand and foot monitors or
friskers when entering break area or leaving any Radiological
Area that requires the use of personnel monitors. Follow
posted requirements for entering break areas or using
designated smoking areas.

o Follow good "housekeeping" practices to minimize the spread of
contamination and the amount of material that has to be
decontaminated or disposed of as radioactive waste. Work areas
should be returned to "as found" or better radiological
conditions to the maximum extent practicable.

0 Avoid contact with contaminated surfaces or allowing clothing,
tools, or other equipment to do so.

o Place all contaminated equipment, such as tools and sampling
bottles, on disposable surfaces (e.g., sheet plastic) when not
in use and inside plastic bags when work is finished. Have
contents of bags surveyed for contamination before
transporting.

o For a known or possible spill of radioactive material, minimize
its spread and immediately notify supervision and the IR
Radiological Safety Section.

o Report the presence of open wounds to the Medical Services
Section and Radiological Safety Section personnel prior to work
in areas where radioactive contamination exists. If a wound
occurs while in the work area, report immediately to
Radiological Safety personnel, and Medical Services Section.

. o Know the emergency alarm signals and the required work area
response actions. _

o Submit bioassay samples and undergo whole body counts or other

-7 T 7T exposures are identified. Failure to comply is cons1dered a
serious offense under the WMCO Rules of Conduct and may result |g
in disciplinary action or restriction from radiologically
controlled areas.

special analyses when requested to assure that intermal - - - - [ —  —| ---
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Contamination Control

An ongoing program of contamination control shall be part of
the ALARA commitment at FMPC. In order to reduce airborne
activity within the work environment, surface contamination
in occupied areas shall be removed as quickly as practical.
Every effort shall be made to contain spills of radioactive
material, and this includes preplanning of jobs that present
a potential for significant contact with radioactive
material. Surface-contamination also adds to the general
exposure rates within the work environment; therefore, work
locations shall be kept clean and as contamination free as
practical. Exposure rates and swipe surveys shall be
conducted at a regular frequency by the Radiological Safety
Technicians. The frequency of surveys in various areas are
dependent upon the potential hazards of the areas. Results
of the surveys shall be made available to the appropriate
supervision who shall be responsible for initiating actions
to correct radiological deficiencies noted on the surveys.
Cleaning of the work locations shall be given priority
consideration. Care shall be taken to limit exposure to
personnel and control the spread of contamination in the
work place. ' '

General Requirements

Radioactive material shall be contained whenever practical.
The containment may be in the form of plastic wrap,
specially built plugs, covers or total containment devices.
The containment shall have a radiation sticker attached with
the date, exposure rate, contamination level, RS
Technician’s signature and any special instructions
pertaining to handing of the item. Radioactive material
shall be handled and stored in such a manner that the
potential spread of contamination is minimized and exposures
to all personnel are kept ALARA.

Ingots, derbies, cores, flats, etc., shall have loose -
surface contamination removed with a HEPA-filtered vacuum to
reduce the spread of contamination and reduce the potential
for elevated levels of airborne radioactivity within the
work environment. The various items made of uranium metal
shall be handled remotely whenever possible to reduce
extremity exposure. )

Physical Barriers

Physical barriers to control access into certain areas are a
necessary part of the contamination control program at FMPC.

Barriers shall be erected by Radiological Safety personnel . _ |

in"such a manner as to isolate hazards within the area but
not impede emergency egress from it. Temporary barriers are
normally made with yellow and magenta poly rope and ye]lowss

FIAPC-T-2657-1 (REV 5/12/81)
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~ stanchions. Appropriate radiation signs shall be attached

to the rope at least at 12 foot intervals. The signs posted
at the entry to the area shall state the requirements for
entry. Compliance with entry requirements is mandatory.

Protectivé Clothing

For.entry in to designated contamination areas or where the
potential for release of contamination exists, special

-disposable clothing (Anti-C clothing) shall be required as

well as respiratory protective apparatus. Anti-C clothing
shall be worn over issued work clothes and shoes and may
include a zippered coverall, hood, gloves, and shoe covers.
A11 Anti-C clothing shall be removed -and bagged for disposal
or laundering upon exiting from the work site control area.

Decontamination

The removal of contamination from surfaces may be
accomplished by cleaning methods that prevent further spread
of contamination. Decontamination is performed to prevent
the spread of contamination and to reduce the accumulation
of material on surfaces (which can lead to elevated exposure
rates, especially beta).

Caution must be taken to avoid the spread of contamination
to other surfaces or into the air. The integrity of
equipment must also be protected against damage from

abrasion and water.

Decontamination efforts sometimes involve work in areas
having elevated radiation exposure rates. In such cases,
the ALARA principles described in Section 4 and the
radiation exposure guidelines in Section 6 should be
consulted.

Cleaning

Cleaning of radiological contaminants shall be done using
HEPA (High Efficiency Particulate Air) filtered vacuums,
damp mopping (if use of water is not precluded by nuclear
materials handling requirements for enriched material) or
other methods which do not cause air suspension of dust.
Surface contaminants must be removed to minimize the
resuspension into the environment and potent1a1 inhalation
by personnel in the area.

The frequency of cleaning shall be dependent on the amounts
and types of surface contamination, the applicable limit,

~ the recurrence of contamination, and _nearby. operations whlch

may resuspend the contaminants. The WMCO surface
contamination limits are shown in Table 5.1. When these
limits are exceeded, prompt cleanup is required.
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TABLE 5.1
REMOVABLE SURFACE CONTAMINATION LIMITS

. - Portable Vacuums

HEPA filter and semi-annually thereafter.

retested.

compliance with DOP testing.

5.3 Exiting from Radiological Areas
5.3.1 Protective Clothing

Radiological Area Alpha
Clean, drinking surfaces (Zone 1) 20

Other surfaces (Zone 2) | - 200 -
Work surfaces (Zone 3) , | - 5000

- 369

(dpm/100 cm?)

Beta
100
1000
50000

Portable vacuum units used for cleaning radioactive

materials inside of production area buildings shall be
equipped with a HEPA filter(s) or the exhaust must be routed
to the building’s filtered exhaust system.

The spread of airborne radioactivity can be minimized by
high velocity portable vacuums with a high efficiency
.. particulate air (HEPA) filter. A1l proposed worksite vacuum
' systems shall be reviewed by the Q&S Department prior to ' R
their use (this includes wet and nonprocess vacuums).

I

HEPA vacuums

shall be leak tested by conducting a DOP challenge of the
system immediately after installation or replacement of the

A11 HEPA vacuums

Only designated portable HEPA vacuums shall be used for
cleanup of radioactive materials outside of production area

buildings. Portable HEPA vacuum systems approved by Q&S for R
outside use shall be labeled with a sticker showing

shall be labeled with a sticker that states the unit has
passed a leak test and the date when the vacuum must be

A11 protective clothing and shoe covers shall be removed and
left at the exit point from the Radiological Area for
laundering. Shoes are kept in employee lockers.
shall be stored in their designated storage area. _
changing from company issued work clothes, i.e., coveralls,
shall shower before donning personal clothes.

Dosimeters
Personnel

Protective c]othlng which has fixed contamination exceed1ng
. 15,000 dpm/100 cm® beta- gamma shall not be issued. l
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5.3.2 Contamination Monitoring

A11 personnel exiting from the Radiological Area must

monitor for contamination before entering the non-

radiological area. Hand and foot monitors and friskers are \
provided with appropriate instructions for use at each exit
point. A1l personal articles carried from the process area
must likewise be monitored.

Contamination above an acceptab]e level, indicated by an
instrument alarm, may generally be removed by repeated
washing with soap. If contamination above acceptable limits
remains, contact RS Technicians for assistance in
decontamination and remain in place until the RS technician

\ arrives to evaluate the reported contamination. ‘R

Vehicles, equipment, and materials being taken from the
Radiological Area are likewise subject to contamination
monitoring. A pass card shall be issued to the vehicle
operator as evidence of a contamination survey. Items with

~ contamination greater than approved limits will not be l
permitted to leave the Radiological Area. R

5.3.3 Release Criteria

Release of trash and construction rubble from the
Radiological Area is controlled by a contamination survey.
Waste materials shall be surveyed for contamination before
bagging. Construction rubble having levels of contamination
greater than 35 pCi/gm for concrete and 30 pCi/gm for soil
shall be stored in a remote part of the Radiological Area
pending disposal.

5-8 -
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SECTION 6

REQUIREMENTS FOR WORKING
IN RADIATION AREAS

- Controlling Exposure in Radiation Areas

Exposure Limits for Radiation Areas

Requirements for Working in Radiation Areas
6.3.1 Posting Requirements
6.3.2 Access to High Radiation Areas

6.3.3 Authorization for Work in Radiation and High
Radiation Areas

6.3.4 Shielding

Radiation Surveys

6.4.1 Requirements

6.4.2 Routine Surveys
6.4.3 Nonroutine Surveys

6.4.4 Survey Techniques
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Requ1rements for Working in Radiation Areas 23(;()

6.1 Controlling Exposure in Radiation Areas

Radiation Exposure Control shall be maintained through the use of
physical barriers, operating procedures, Radiation Work Permits,
surveillance, training and engineered modifications to equipment.
Work areas that produce high personnel exposures shall be
identified and changes should be engineered to lower exposures.
Functions that result in elevated exposures to personnel shall
also be evaluated and appropriate changes made. These changes may -
include, but are not limited to, remote handling equipment,
robotics, total enclosures, 1mproved ventilation, and shielding.

A11 personnel have the responsibility of working in a safe manner
and identifying potential hazards to supervision who shall
investigate and recommend appropriate remedial actions. WMCO has
the responsibility to provide a safe work environment and to .
investigate and resolve radlolog1ca1 safety concerns in a
consc1ent1ous manner.

6.2 Exposure Limits for Radiation Areas

External exposure control is accomplished by identifying areas
containing sources of radiation and controlling personnel access
into these areas or by removing the radiation source. Radiation
Areas are accessible areas where a major portion of the body could
receive a dose equivalent greater than 2.5 mrem, but less than 100
mrem, in one hour.

High Radiation Areas are areas where a major portion of the body
could receive a dose equivalent of 100 mrem or more in one hour.
Major portions of the body are defined as the head, trunk, upper
arms, thighs, and gonads.

6.3 Requirements for Working in Radiation Areas

6.3.1 Pdsting Requirements

Radiation and High Radiation Areas are defined by the
following exposure rates:

Area Effective Dose Rate Equivalent
Radiatioh Area 2.5 <100 mrem/hr.

High Radiation Area >100 mrem/hr.

Radiation Areas shall be conspicuously posted by the RS
Technician with the standard magenta radiation symbo] on a
yellow background and the words "Radiation Area". The

posting should dlsplay any additional 1nformat1on which_may. _ .

‘be appropriate in a1d1ng individuals to minimize exposure to
radiation.
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The boundaries of a Radiation Area or a High Radiation Area
that are not formed by permanent structures (walls, doors,
‘fences, etc.), shall be barricaded by radiation rope/ribbon

installed at approximately waist height. Radiation posting
signs must be attached. N

High Radiation Areas shall be conspicuously posted by the RS
Technicians with the standard magenta radiation symbol on a
yellow background and the words "HIGH RADIATION AREA". The
posting should include the maximum radiation level and

_ location within the ‘area.- The information may be on-the -~ -~~~ -

High Radiation Area sign or on a separate plant view or
sketch. The posting at the entry shall contain special
instructions and requirements which may be appropriate in
minimizing exposure to radiation.

High Radiation Areas that have posted survey dates more than
90 days old must be resurveyed by the RS Technicians prior
to allowing work in the area. If the conditions producing
high radiation in an area are inherent to the facility or
operation, and are relatively stable and not subject to
change, permanent signs may be posted with the radiation
symbol "HIGH RADIATION AREA" and appropr1ate information and
instructions. The use of permanent signs shall be approved
by the Manager, RS or his designate.

Access to High Radiation Areas

The boundaries of -a High Radiation Area shall be evaluated
by RS personnel for all possible means of access and those
not formed by solid physical structures (walls, doors,
fences, etc.), shall be barricaded to preclude unauthorized
entry. )

Access(es) to the High Radiation Area shall be locked or
maintained under continuous surveillance. When locking

- systems are used, a key control system shall be established,

the number of keys shall be minimized and the personnel
authorized to sign out the keys shall be spec1f1ca]1y
designated in writing.

Positive controls shall be established for each individual
entry such that no individual is prevented from leaving the
area. Prior to locking an area, the area shall be inspected

to ensure that no personnel remain inside.

No Io1ter1ng or entry by unauthorized personnel shall be
allowed in these areas.

Instances in which High Radiation Areas are not controlled

as required by this paragraph shall be reported as Unusual
Occurrences._ These -instances -include-the—following:—— ——— |-
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o Locking personnel in a High Radiation Aréa. 2353{)

o Failing to post a High Radiation Area or failing to lock-
or guard a High Radiation Area. The Unusual Occurrence
Report is not required if the area is properly controlled
after its initial identification.

6.3.3 Authorization Work for in Radiation and High Radiation Areas’

Radiation Work Permits are required for tasks performed
under approved work procedures if those tasks involve work
in high radiation fields or in areas where radiation fields
are-unknown or where large significant variations are -
possible in the radiation-field. The RWP identifies the
work activity, the associated radiological conditions and
protective measures required to accomplish the work (See
Section 4.4. 2)

6.3.4 Shielding

Permanent shielding shall be designed and installed as part
of construction of new facilities and during modifications
to existing facilities where routine operations, materials
or equipment produce or involve high radiation levels or
where an unusual occurrence could result at such levels.

Changes in the use or operation of facilities which could
affect radiation levels outside the shielding in excess of
design levels, and changes in use of areas surrounding the
shielding shall require prior review and approval by Q&S
Management. Removal of permanent shielding shall not be
permitted unless approval has been obtained from the Manager
of Q&S. Radiation surveys are required any time shielding
configurations are altered.

Temporary shie]ding shall be used in areas where its use is
reasonably beneficial, for example where crucibles, derbies,
and flats are being temporar11y stored. Incorrect
installation, unauthorized movement, or removal of temporary
shielding can result in significant changes in work area
radiation levels; therefore, control of temporary shielding
is essential. Radiological Safety shall specify the
Tocations where temporary shielding is required.

Rubber matting shall be routinely used on individual items
such as a derby or an ingot. The rubber matting is very
effective in reducing the beta exposure rate on individual
components. The practice of covering the product will
significantly reduce skin exposures.

Beta radiation can also be shielded with light metals,
plywood, or heavy plastic. Aluminum and plywood are very

inside any building without approval of WMCO Safety and Fire
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Protection Engineering. Materials with a high atomic number
(Z), i.e., lead, steel, should not be used as the primary
shield against beta radiation since the X ray generated by
beta absorption can contribute significantly to the
penetrating radiation dose.

~ Radiation Surveys

The primafy objective of radiation surveys is to identify existing
and potential radiation levels. This is to assure that exposures

are maintained as_low as reasonably achievable (ALARA).. - Survey- - -

results are utilized to:

o Evaluate jobs for ALARA considerations.

"0 Set up procedures.

o Provide a baseline for trend ana1y51s, 1nvest1gat10n and
correction of unusual conditions.

o0 Detect departures from operating procedures or failure of

radiation controls.
o Identify the origin of radiation exposures in the plant by
1ocatjon, system or component.

6.4.1 Requirements

]

Radiation surveys shall be performed by RS personne] to
preclude the possibility of personnel being exposed to
elevated levels of radiation and exceeding established
radiation dose limits. They shall be used to meet the

" requirements for posting Radiation and High Radiation Areas.
The surveys shall be performed to determine the magnitude
and extent of radiation levels.

Radiation surveys are typically divided into routine and
nonroutine classifications.

6.4.2 Routine Surveys

Routine surveys shall be performed by RS personnel on a
regular basis (e.g., daily, weekly, monthly, etc.), while
nonroutine surveys are performed as necessary.to support
plant processing modifications, work activities, and any
nonroutine conditions.

Routine and nonroutine radiation surveys shall be performed
for a]pha, beta, and gamma radiation. :

Surveys shall be performed with instruments calibrated for
the type and energy range of radiation being monitored. The
instrument range should be high enough to read the highest
exposure rate expected. The instrument used shall have a
current calibration label and its operability verified.

FIAPC.-T-2657-1 (REV 5:12/87)
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A sufficient number of survey points shall be taken in order
to adequately assess the radiological status of the area
being surveyed.

Surveys shall be accurately and legibly documented in ink on
a standard form. These survey records shall be filed and
maintained by area in chronological order so that previous
radiological conditions can be read11y reconstructed and

" background data for radiological engineering eva]uat1on is

readily available.

o The data shall-be in sufficient detail so that the T
meaning and intent of the record is clear.

o Ditto marks and cont1nuat1on lines are unacceptab]e for
"repeated data.

0 Any corrections to a survey record shall be made by
drawing a single line through the incorrect entry
(incorrect entry shall remain legible) and recording the
correct entry. The person making the correction shall
initial and date the entry. The use of erasures or
‘correction tape/fluid is prohibited. Correction of each
copy of a survey record sha]] be completed in the same
manner.

Nonroutine Surveys

Nonroutine surveys shall be performed by RS personnel as
necessary to support plant operations, maintenance and
modification efforts. Examples of nonroutine surveys are as
follows: _

0 An initial radiation survey shall be performed before and
after a new facility using radioactive materials becomes
operational. The survey shall also be required after
compietion of any modifications or changes in existing
facilities that the Manager of Q&S determines might lead
to a substantial change in the radiation hazards
associated with operation of the facility. The survey
shall -be thorough with specific requirements determined
by Q&S Management.

o Radiation surveys to verify the effectiveness of
permanent or temporary shielding.

0 During removal of shielding so that personnel are not
unexpectedly exposed to radiation.

o After changes in use of operation of a shielded facility
(may be part of the survey required by the first example
above).

64

FIAPC-T-2657-1 (REV 5/12/81)

6-5




6.4.4

nEvISIGH:

FMPC-2084 ‘1 q
L"J

MUMBER:

T
A Y

o After modifications to the shield or changes in shield
materials. ’ 4

Radiation surveys shall be performed at predetermined points
in active work areas and adjacent areas whenever operations
are performed that have the potential for significantly
changing radiation levels. Examples of these are movement

of permanent or temporary shielding, radioactive waste
processing, and relocation of highly radioactive materials.

The survey may be done as part of a radiological inspection.

Radiation surveys shall be performed upon initial entry into
tanks or enclosures that contain radioactive piping or
components or high levels of loose contaminated material.
Surveys shall be conducted when performing operations which
could result in personnel being exposed to small intense
beams of radiation. Examples of such operations include
removing shielding at the boundaries of a High Radiation
Area and opening containers of high activity radiation
sources such as radiography sources.

Survey Techniques

When surveying areas or equipment where intense small beams
of radiation can be present, the radiation detection
instrument shall be used with audible response. An audible

response is necessary due to the lag time in meter response.
- The probe shall be moved slowly enough so that the

instrument has a chance to give an audible increase for a
large radiation level increase. Particular attention shall
be given to thoroughly scanning suspected areas, such as
portable shield sections and areas which are or are likely
to be occupied. Small intense beams have occurred in places
such as outside shields surrounding sources containing many
curies. For equipment with complex shield design, surveyors
shall obtain briefings on the equipment design so that areas
most likely to have small beams can be given special
attention.

1SSUE DATE:
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7.0 Requirements for Working in Contamination Areas

7.1 Controlling Contamination from Radioactive Material

A Contamination Area designation applies to those areas where
radioactive material is handled and significant levels of
contamination exist, or can be generated, even though procedures are
followed and equ1pment performs as designed. Controls are :
established to prevent the removal and spread of contamination from
the Contamination Areas via clothing, shoes, equipment, etc.

- - - -~ ~Contamination mon1tor1ng of personnel and equipment prior to exit
from the area is essential. Usually, special work practices will be
required to limit potential employee exposure and to control the
contamination generated. Anti-contamination (anti-C) apparel will
be utilized and respiratory protection will often be required. Pre-
job monitoring and evaluation by RS technicians will usually be
required. The RWP (Radiation Work Permit) evaluation provides a
summary of the contamination levels detected and the permit
specifies any personnel protection requirements for the job must be
posted at the work site. A Contamination Area may be either
permanently or temporarily established; the operating requirements
and controls would be the same in either case.

To achieve containment of contamination in the Contamination Area,
all anti-Cs must be removed at a step-off pad prior to exit from the
area. Additionally, personnel, tools, and equipment shall be
monitored for contamination each time they exit the area. If the
monitoring is to be performed by other than Radiological Safety
personnel, specific exit guidelines shall be provided as "go",
"no-go" criteria. Post-job contamination monitoring of a temporary
Contamination Area is required with whatever decontamination
activity is necessary to return the area to its previously
designated status; at which time the barriers may be removed.

In all areas, the primary requirement is the control of
contamination by two basic methods. First, positive contamination
prevention through job planning that stresses the use of reasonable

-~ and innovative precautionary measures to eliminate, reduce, and/or
contain contamination generated by the work activity. Second, an
active decontamination program administered according to established
contamination limits. : :

7.2 Limits for»Surface'Contamination

The values in Table 5.1 are those levels of contamination which
provide an upper boundary condition for the particular area in
question. Decontamination is required whenever the average
gontamination level in the area exceeds the Zone 2 and Zone 3
“limits. .
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7.3.1

7.3.2

7.3 Requirements for Working in Contamination Areas ‘ 5365{)

Posting Requirements

Any area within a radiological area where high potential for
contamination exists, or where known levels of surface
contamination exceed the Zone 2 limits given in Table 5.1,
shall be posted by RS personnel with "Contamination Area"
signs.

Physical barriers to control access into certain areas are a
necessary part of the contamination control program at FMPC.
Barriers shall be erected by RS personnel in such a manner as
to isolate hazards within the area. Temporary barriers are
normally made with yellow and magenta rope and yellow
stanchions. Appropriate signs shall be attached to the rope
at least at 12 foot intervals. The signs shall have the
standard magenta radiation symbol and the words "Contamination
Area". Signs posted at the entry to the area shall contain
special instructions and requirements.

The average removable nonwork surface contamination level in
the area shall be specified on the sign. Personnel protection
requirements shall also be specified on the sign. -

Access control points for Contamination Areas must have the
following: 1) a "Contamination Area" sign, 2) a step-off pad
area, 3) a contamination-waste barrel or plastic bag (for
disposal of gloves, shoe covers, tyvek coveralls, etc.), and
4) a shoe/shoe cover exchange area. There shall also be
adequate provision of anti-contamination apparel stored on the
clean side of the step-off .pad.

Shoe covers or dedicated company-issued shoes, company-issued
coveralls, and gloves shall be the minimum required for entry
to Contamination Areas. Requirements for additional anti-
contamination apparel and respiratory protection shall be
specified by RS personnel on a case-by-case basis.

Portable contamination monitoring instruments shall be made
available to workers in contamination areas, unless there is
dedicated RS technician support for a particular job or
operation. Workers shall be instructed by RS personnel in the
use of these instruments.

Authorization for Work in Contamination Area

A Radiation Work Permit shall be required for the performance
of any task that involves exposure to radioactive material for
which there is not an approved work procedure. The RWP
identifies the work activity, the associated radiological

~conditions and protective measures_required _to. accompl1sh the.  ——-

work. (See Section 4)
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Anti-Contamination Clothing

For entry or work in designated Contamination Areas or where
the potential for release of contamination exists, special
disposable clothing (anti-C clothing) shall be required as
well as respiratory protective apparatus. Anti-C clothing
shall be worn over issued work clothes and shoes and may
include a zippered coverall, hood, gloves and shoe covers.
A1l anti-C clothing shall be removed and bagged for d1sposa1

Personal property (exclusive of undergarments, Jjewelry, eye.
glasses, hearlng aids and prosthetic dev1ces) shall be
prohibited in Contamination Areas.

Decontamination of Areas

If surface contamination levels in a Contamination Area which

is accessible to personnel exceed the Zone 2 limits given in
Table 5.1, the affected area or item must be decontaminated
within 5 work days of the receipt of the survey results.

Cleaning of radiological contaminants shall be done using HEPA
(High Efficiency Particulate Air) filtered vacuums or, damp
mopping if water is not precluded by nuclear materials
handling requirements for enriched material. Due to bulk
properties (i.e., density, mass, diameter of particulate)
surface contaminants must be removed to minimize the
resuspension into the environment and inhalation by personnel
in the area.

The frequency of cleaning shall be dependent on the amounts
and types of surface contamination, the applicable limit, the
recurrence of contamination, and nearby operations which may -
resuspend the contaminants.

When decontamination of any surface is required by
Radiological Safety personnel, a post-decontamination survey
shall be conducted in order to document the residual
contamination Tevels.

A1l items requiring decontamination shall be tagged by RS
personnel. The tag shall bear the words "Caution -
Radioactive Contamination" or words of similar meaning. The
tag shall specify:1) the maximum direct reading and removabie
contamination levels on the item, 2) the recommended action
(wet decontamination, etc.), and 3) the personnel protection
requirements necessary to carry out the recommended action.

FMPC-2084 1 04/26/89

~upon exiting from_the work site control area.. . - - .- - -
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7.3.5 Personnel Monitoring Requirements

Contamination monitoring instruments shall be deployed by RS
personnel at all Contamination Area work sites. Alarm set-
points and/or administrative action 1eveis shall be set or
posted.

7.3.6 Hand]ing Radioactive Material

. Radioactive material shall be contained or covered whenever

practical. The containment may be in the form of plastic o
ot - " wrap, specially built plugs, covers or total containment

devices. The containment shall have a radiation sticker

attached with the date, exposure rate, contamination level,

Radiological Safety technician’s signature and any special

instructions pertaining to handling of the item. Radioactive

material shall be handled and stored in such a manner that the

potential spread of contamination is minimized and exposures

to all personnel are kept ALARA.

Ingots, derbies, cores, flats, etc., shall have loose
contamination vacuumed from their surfaces before storage or
transport to reduce the spread of contamination and reduce the-
potential for elevated levels of airborne radioactivity within
the work environment. The various items made of uranium metal
shall be handled remotely whenever possible to reduce

extremity exposure.

7.4 Contaminatidn Surveillance

In general, three basic types of surface contamination monitoring
are performed by RS personnel:

1. Routine monitoring of facilities and equipment for contamination
to specify decontamination requirements and/or to specify
personnel protection or contamination control requirements for
subsequent work activities.

2. Job specific monitoring of tasks that may involve the generation
of significant contamination or that are performed in areas
where significant levels of contamination may be present (e.qg.,
Contamination Areas). This monitoring would include a pre-job
hazard evaluation.

- 3. A routine contamination monitoring program of selected areas is
required to determine the degree of general workplace
contamination and to assess the effectiveness of contamination
control practices. :

A fourth type of monitoring is associated with an unusual
occurrence. If contamination is found in an area that is normally
contamination free, then surveys must be made_to determine the . _ ... |
- e : ex%$nt “of the problem. An investigation as to the cause should
follow.
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8.0 Requirements for Working in Airborne Radioactivity Areas

8.1

8.2

Controlling Airborne Radioactivity

Radioactivity can become airborne through such operations as
burning, welding or grinding a contaminated component,
decontamination, formation of particles from the products of process

-reactions, or disturbing deposited radioactivity on contaminated

floors or other surfaces.

Airborne radioactivity at the FMPC is a combination- of- both
particulate andrgaseous radioactive material. Gaseous activity
(e.g., radon, thoron) is experienced in very limited areas of the
facility and does not normally represent a significant contribution
to exposure.

Control of airborne radioactivity by the application of engineered
controls is the primary means for minimizing inhalation of airborne
radioactivity. In situations where engineered controls are not
practicable such as in dust collector enclosures, resp1ratory
protection sha]] be used.

Air samples shall be taken where significant concentrations of
airborne radioactivity are probable or suspected within the work
environment. Continuous air monitors (CAM’s) are used to monitor .
selected nominally occupied areas. Continuous fixed-filter air
samplers are used for monitoring the air exhausted in the plant
stacks. \

Other sampling equipment is available for specific applications.
Portable, battery operated samplers are available for emergency
sampling, such as at a fire. Working level monitors may be used for
detecting the short-lived decay products of Rn-220 (Thoron) and Rn-
222 (Radon). High volume samplers are required for quickly drawn
samples which involve low DAC limit radionuclides, such as Th-232.
Annular impactors may be used to eliminate radon and thoron decay
products for early long-lived activity analyses.

Limits for Airborne Radioactivity

Limits for airborne radioactivity in occupied areas are listed in
Appendix B to this manual. These limits are designated by the DOE
as derived air concentrations (DAC) for airborne radioactivity and
are limits for average concentrations of radionuclides of various
solubility classes over a working year. The use of respiratory
protection is prescribed on the basis of airborne concentrations
present compared to the listed values. Measurement of air
concentration is routinely reported at FMPC in un1ts of uC1/cm

8-1
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8.3 Requirements for Working in Airborne Radioactive Areas

8.3.1

8.3.2

Posting of Areas

Any area within a Radiological Area where the potential exists
for airborne radioactivity concentrations greater than 0.8 DAC
hours per shift shall be posted by RS personnel as an Airborne
Radioactivity Area.

Any area within a Radiological Area where actual airborne
radioactivity concentrations exceed 2.0 DAC hours per shift

- when averaged over one calendar quarter or 8.0 DAC hours

during any single shift shall be posted as a Respirator Area.

In addition, areas where surface contamination exceeds 50,000
alpha dpm/100 cm®, or 100,000 beta-gamma dpm/100 cm? shall be
posted as Airborne Rad1oact1v1ty Areas due to the potential

for resuspension of radioactivity until air sampling shows air
activity to be less than the Timits. o

The posting shall have the standard magenta radiation symbol
on a yellow background and the words "Airborne Radioactivity

" Area." Special instructions or requirements for entry to

airborne areas shall be conspicuously posted at the entrance.

Respiratory Protectidn

If the sources of airborne contamination cannot be eliminated,
respiratory protection shall be required. Respirators shall
be used in accordance with the FMPC Respiratory Protection
Manual (FMPC-2152).

Air supplied respiratory protection may be required if
significant amounts of radioactive material are airborne in
the work area at the start of work or if there is a potential
for the creation of airborne contaminants due to the nature of
the work. Examples would be: Welding on a contaminated
surface, cleaning up spills of dry material, and changing dust
col]ector bags.

Respiratory protection shall be considered whenever burnfng,
grinding, or welding takes place on a contaminated surface.

A.Respirator Selection

Different brands of respiratory protective equipment are
available at the FMPC. These respirators have been chosen
to facilitate proper fitting and optimal user protection and
comfort.

Several factors govern respirator selection. These include.

1. The nature and extent of the hazard.
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2. Work requirements and conditions. 360
. Respiratory equipment protection limits.
. Availability of approved equipment.

Facial characteristics (size, shape, etc.).

o O e w

. Skin reactions to the material from which the respirator
is made.

B.Respirator Types

The types of respirators available for use are: Half-mask
air-purifying respirators, full-face air-purifying
respirators, air-supplied respirators with half- or full-
face mask or hood and self-contained breathing apparatus
(SCBAs). They are described in FMPC-2152.

C.Protection Factors

The overall protection provided by a respirator is defined
as its protection factor (PF). Table 8.1 shows the
protection factors for each type of respirator as 1lsted in
NRC Regulatory Guide 8.15.

The PF is defined as the ratio of the concentration of
contaminants outside the respirator to that inside the
respirator under conditions of use. For example, if the
contaminant concentration inside a half mask respirator is
less than 10 percent of that outside the respirator, it may
be used for respiratory protection in atmospheres with a
contaminant concentration up to 10 times the permissible
exposure 1imit. When calculating the exposure of
individuals wearing respiratory protection equipment from
radioactive materials, the concentration of airborne
radioactive contaminants is divided by the protection factor
to determine actual intake. The PF is the Towest acceptable
fit test factor (FTF) defined in FMPC-2152.

8.3.3 Authorization for Work in Airbokne Radioactivity Areas

A Radiation Work Permit shall be required for the performance
of any task that involves exposure to radioactive material for
which there is not an approved work procedure. The RWP
identifies the work activity, the associated radiological
conditions and protective measures required to accomp11sh the
work (See Section 4).

8.3.4 Containment of Airborne RadioactiviLx

The spread of airborne contamination should be minimized by
— -— - - -employing~a localized, high velocity, high efficiency
particulate air (HEPA) filtered exhaust at the worksite. HEPA

74
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a Protection factor is the multiplication constant used to determine
the degree of protection from a properly used respirator (for
example, the airborne 1imit for U-238 is 1 X 10719 uCi/ml. A
protection factor of 10 allows entrance into an environment with a
concentration of 1 X 10°° uCi/ml).

An appropriate high efficiency radionuclide cartridge must be used
in all cases. :

The equipment supplying breathing air and the air supplied shall

meet the requirements in Compressed Gas Association (CGA) Standard

G-7.1-1973 for Grade D air. The air in any breathing supply shall
- ..be tested initially and at least annually thereafter by Q&S.

Approved for use in environments that are

immediately dangerous to
life and health. : '

FMPC-2084 1 04/26/89
TABLE 8.1 369
RESPIRATORY PROTECTIVE EQUIPMENT
Condition Inside Protection
Type of Equipment of Headpiece Factor ?
1.  Air-Purifying®
(a) Half-Face negative pressure 10
" (b) Full-face Facepiece " negative pressure 50
2. Airline Respirator (Type "C"
‘supplied air respirator)®
(a) Half-mask | continuous air flow 1000
" (b) Full-face facepiece with
emergency supply of .
compressed air continuous air flow 2000°
(c) Hood headpiece continuous flow 2000
(d) Helmet headpiece continuous flow 2000
3. Self-Contained Breathing
Apparatus (SCBA)
(a) Full-face facepiece -
open circuit pressure-demand 10,0004

75
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filtered vacuum cleaners or portable air movers fitted with
ducting and HEPA filters may be used for this application.
Personnel are still required to use respiratory protection
when the potential for airborne contamination exists. This
requirement is not relaxed by the use of a localized HEPA
filtered exhaust. Proposed worksite HEPA filtered exhaust

systems shall be reviewed by the Q&S Department prior to their
use. '

To prevent cross contamination, designated vacuums shall be
T work areas shall have the ends taped and tagged as
radioactively contaminated after use.

Contamination containments shall be used to the maximum extent
practicable to prevent personnel exposure to.airborne
radioactivity above the listed limits. This containment is
requwred during radioactive work which has been known to cause
or is expected to cause airborne radioactivity.

_ a.The exhaust from rad1o]og1ca11y controlled containments
shall be HEPA filtered whenever work is in progress in these
containments to prevent the release of airborne
contamination to the surrounding environment.

b.HEPA filters shall be installed in the exhaust from
contamination containments to prevent personnel from being
exposed to significant airborne radioactivity.

c.HEPA filters shall be installed and certified acceptable by -
Q&S in vacuum cleaners used for removxng surface
contamlnatlon .

8.4 Monitorlnq for Airborne Radioactivitx

Air particulate surveys shall be performed by RS personnel. Records
of the results of these surveys shall be reviewed by Radiological
Safety personnel. The following air samples shall be the minimum
performed: ' : '

a. During radioactive work which has been known to cause or is
expected to cause airborne radioactivity, and in occupied
surface contamination areas.

b. When opening a process system to the atmosphere for operation or

~ maintenance. Air samples are not required during normal liquid
sampling operations or when opening the system in a containment
enclosure equipped with a high.efficiency filter.

c. When initially entering tanks containing potent1a1 radioactive
.piping or material.

d. Whenever airborne rad1oact1V1ty levels above the acceptable
- 1imit are suspected. _

8-5

FIAPC-T-2657-1 (REV 5/12:87)

~used in work areas... Hoses of vacuums-used in contaminated ------ - -'— -




NUMBEA: REVISION: ) TSSUE DATE.

FMPC-2084 1 04/26/89

360

The precise location for air samples cannot be specified for all
situations. The primary objective is to obtain "breathing zone"
(BZ) air samples or general area air samples. BZ air samples are
collected using a portable, battery powered air pump with a small
filter located as close to the worker’s immediate breathing zone as
possible. General area sampling shall be performed continuously in
normal work or process areas. The locations for air samples shail
be based on the following: 1) the breathing zone of the worker, 2)
the position of the sampler relative to the work zone and other
operations which might contribute to elevated levels of _
radioactivity in the breathing zone, 3) the type of work being
performed (for example, grinding), and 4) the containment enclosure
arrangement used. The volume of air sampled depends on the
equipment used and the radionuclides of concern.

Radijonuclides and Their Chemical Forms at FMPC

The potential airborne radionuclides of limiting concern in the
various plants and areas of FMPC are shown in Table 8.1. Solubility
classes are listed based on conservative assumptions. The process
activity or condition producing the chemical form is also listed.

When it is determined by Radiological Safety that an employee has
been in an environment where the air concentration is equal to or
greater than 40 DAC hours, without a respirator, he/she will leave a
"special urine sample." This is based on requirements of DOE Order
5480.11, 9.g.2.

FIAPG-T-2657-1 (NFY 5'12:87)
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TABLE 8.2
360
LOCATION AND SOLUBILITY CLASS OF POTENTIAL
ATRBORNE RADIONUCLIDES AT FMPC
Plant/location Radionuclide/Form Class Source
Pilot Plant :
autoclave/reactor UF, W (U-238) UF./UF, conversion
UFg D (U-238) UF/UF, conversion
grit blaster and : ’
plasma spray unit uo,, U;04 Y (U-238)
- Th-234 and Pr-234 Y U-238 decay products
wet area Rn-220 (Thoron) Th-232 embedded
and decay products N/A in floor/equipment
Th-232 W Th-232 embedded
in floor/equipment
Plant 1 Th-232 W Most conservative
limit for sampling
and processing.
Plant 2/3 Uo,, U0, Y (U-238) Start of process.
o uo, D (U-238) End of process.
Plant 4 U-238 oxides W U oxide to UF,.
Plant 5 u-238 oxides/metal- Y Areca B
Th-234 and Pr-234 Y U-238 decay products
UF, W (U-238) Arca A '
Plant 6 U-238 oxides/metal Y Machining/pickling.
Sodium diuranate W Water treatment.
Plant 8 U-238 - Y Most conservative
' : U Timit for
processing many U
. compounds.
Plant 9 U-238 oxides/metal Y
Solubility Class
" D= very soluble B o S s
W = moderately soluble
Y = relatively insoluble 78
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RESPONDING TO RADIATION INCIDENTS

9.1 Incident Repsonse
| 9.1.1 Basic Guidelines
9.1.2 Follow-up Actions

9.1.3 Radiological Safety Response
‘ _ - . to Incidents '

9.2 High Radiation Alarm
9,3 Airborne Radioactive Alarm
9.4 Radioactive Material Spills

- 9.5 ° Radioactive Material Fires
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9.0 Responding to Radiation Incidents 11}
9.1 Incident Response

An. incident is a sudden unexpected event requiring immediate
response to limit the impact on people, property or the
environment. When radioactive material is involved, Radiological
Safety plays a major role in evaluating, controlling, and
recovering from the event. Examples of incidents involving
radioactive materials are: nuclear criticality, fire or explosion
involving radioactive material, spill of rad1oact1ve material and
-an unexpected radiation detection alarm.

Radiological Safety personnel shall respond to all radiological
emergency incidents. The ability to assess and evaluate the
situation and the immediate steps to minimize the effects of the
event are crucial for controlling the emergency (see FMPC-503).

‘An emergency response may be initiated by personnel observing the
event, alarms or the Emergency Operations Center. (EOC). A rapid
response is required; however, undue risks shall be avoided and
employee safety shall not be compromtsed

The type of emergency determines the level of planning for
response. For example, a CAM alarm or a small radioactive spill
requires little planning for the initial response. However, when
an emergency causes a facility/plant evacuation, preplanning
(e.g., stay time, route of entry, decontamination method, etc.)
and the approval of the AEDO are necessary for re-entry.

9.1.1 Basic Guidelines

The basic guidelines for emergency response include the
following:

0 Radiation exposure considerations - These are not
limiting factors for rescue of personnel.

0 Rendering first aid to injured employees - This may be
administered by members of the ERT, Medical Staff or
other trained personnel.

0 Attempf to_stop the cause - Undue risks shall be avoided.

o Warn other personnel - Keep unnecessary personnel away
from the event.

o Isolate the area - Install barriers as quickly as
possible to establish a controlled area separating the
affected area from the unaffected areas. In determining
the size of the controlled area, the following should be
considered: Gamma (penetrat1ng) dose rates, possible
“spread of contamination, weather conditions, chemical
hazards, nonrad1olog1ca1 hazards, and security. Normal

- 80
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operations outside of the controlled area may continue.
0o Minimize Exposure - For initial response, unnecessary
radiation exposure shall be avoided.

o Survey - Define and assess the radiological problem and
conditions. Interview people at the scene regarding the
nature and extent of the incident. Perform radiological
surveys; the type of survey is based on the event. Types

. of surveys include: personnel surveys, property and
“equipment surveys;'dose rate estimates, air sampling,
perimeter surveys, and re-entry surveys.

Follow-up Action

- This includes, but is not limited to, decontamination,
providing monitoring coverage, formal evaluations,

restoration, and documentation. A planned operation is -
necessary to assure personnel exposures are minimized. Any
planned exposure above the occupational dose limits requires

the permission of the FMPC Site Manager and personnel who

will be expected to receive the extra exposure.

Any emp]oyee involved in an incident which could have
resulted in an intake of radioactive materials by
inhalation, ingestion or absorption shall submit a urine
sample at the end of employee’s shift and again at the start
of the next shift or as directed by Radiological Safety.

Radiological Safety Response to Incidents

The primary function of Radiological Safety is to provide

"the radiological data necessary to confirm and control the

incident, determine the magnitude of the incident, minimize
exposure to personnel, minimize contamination spread, and
assist in the recovery actions. Radiological data is
provided through surveys performed by Radiological Safety
and by air sample monitors in or near the event area.
Radiological surveys include radiation dose rates,
radioactive contamination levels and a1r activity levels.

The primary purpose of all surveys is to assure personne1
protection, to maintain exposure ALARA, and to minimize
contamination of the area and personnel.

General Responsibilities of Radiological Safety Personnel

0 Respond to any potentiel emergency involving radioactive
material.

o Perform rad1olog1ca1 surveys of _personnel _and_the _

affected area.

-~ 81
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o Document survey results.

o Establish boundaries and access control.
Communication

o Normally, communicafion is made to the AEDO or EoC.

0

The primary method of communication with the RS
supervisor- is the two-way radio No. 355 ~and telephone
system Extension 6889.

Contact the emergency representative as soon as possible
after reaching the assigned area. Maintain frequent
contact to provide radiological data.

Preparation'

0

0

0

0

Availability of emergency kifs and instrumentation.
Availability of equipment and supplies.

Proteetive clothing. |

Respiratory protection.

Dosimetry

Emergency vehicle.

Two-way radio.

Area Survey and Access Control

0

0

Don protective clothing as necessary.

Approach the affected area cautiously, with instruments
operating.

Survey area to determine incident size.

Determine and establish boundaries based on dose rate,

contamination spread, and air sampling.

Establish entry/ekit point of control.

Determine radiation background in staging area.
Survey personnel who have evacuated'for>contamination.

If applicable, segregate personnel in protect_, S

“clothing.

FIAPC.-T-2657-1 [REY S/12/81)
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Information to be Obtained

o Time of incident.

o Location of the incident.

o Nature of the incident.

o What radiological information is known.
- Contamination (property and personnel).
= Dose rate..
- Isotopes involved and their solubility classes.
- Air sampling data. _

o Availability of other personnel to support emergency
activities.

0 Are nonradiological hazards involved (1 e., chemicals,
explosive devices, fire, etc.)?

0 Plume tracking (if necessary).

o Status of environmental protective actions (i.e.,

diverting storm drains, securing dust collectors, etc.).

9.2 High Radiation Alarm

0

0

Notification of a high radiation alarm will occur by means of the
RDA system or a verbal warning from Q&S personnel or coworkers.

Immediate Action for High Radiation Alarm

FMPC-2084 1 04/26/89
_ Jbol)

o Set priority of survey. Injured personne] should be
given first priority. Personnel in protective clothing,
personnel who evacuated surface contamination area, and
remaining personnel should follow.

o Start air sampling.

0 Report survey results. .

0 Survey all personnel and equ1pment leaving affected .~

Evacuate all personnel.

Stop any work or operation that may be cauﬁing the high
radiation problem (for example, radiography).

surveyed—for-contamination—F— " — T -

_ Assure that personnel evacuated from contamination areas are

FIAPC-T-2657-1 (REV 5/12/87)
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o Obtain information from evacuated personne] on the possible
cause of the alarm.

o If evacuated personnel are wearing direct self reading
* dosimeters, read the dosimeter and note any high reading.

o Establish boundaries as necessary to control aecess until the
source of the high dose rates have been identified, and
eliminated or reduced to normal conditions.

9.3 Airborne Radioactivity Alarm
Notification of high airborne radioactivity may be either by means
of a Constant Air Monitor (CAM) Alarm or a verbal warning from
Q&S personnel or coworkers.

Immediate Actions for Airborne Radibactivity,Alarm

o Evacuate all unnecessary personnel from the area. If personnel
must remain in the area due to operation considerations, they
must don respiratory protection immediately.

o Warn other personnel in the area.

o Notify supervision and RS Technicians of the problem.

0 Request any work or operation that may be causing the airborne
problem be suspended until further evaluation.

o Turn off all unfiltered exhaust ventilation from the affected
area.

o0 Remain outside but adJacent to the affected area until released
by RS personnel.

9.4 Radioactive Material Spills

Response actions are needed to minimize the spread of
contamination if radioactive material is spilled. These apply to
spilled radioactive material in dry or liquid form within or
outside a fac111ty/bu11d1ng

CAUTION: If unfamiliar with the material or system, wait for
qualified help. Do not move damaged containers.
Evaluate potential for life threatening situations, such
as toxic chemical fumes or criticality.

Immediate Actions for Radioactive Material Spill

o Evacuate all unnecessary personnel in or near the spill area to
a safe, central location. (Consider personal contamination
_surveys and nasal smears.)

o Warn approaching personnel to remain outside of spill aree.

- 84
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o Evaluate the need for backup equipment and personnel. " 380
o Notify RS Supervisor.
0 .Notlfy Operations Supervisor.

o Notify AEDO if the sp111 is considered to contain more than one
pound Uranium.

o Notify appropriate Q&S personnel if spill is detefmined to have
chem1ca1 or cr1t1ca11ty concerns.

9.5 Rad1oact1ve Mater1a] Fires

Most of the faci]ities at the FMPC have been designed to prevent,
detect, suppress, and confine fires and 1imit products of
combustion. Most areas in the Production Plants have an automatic
fire-suppression system {sprinkler system), which when activated
will serve to extinguish the fire. In cases where the fire has
been extinguished, and personnel have been evacuated to a safe
distance, steps to isolate, control, and recover the area shall be
performed by RS personnel.

Immediate Actions for Radioactive Material Fires

o Notify Communications Center (call 6511) or activate fire pull
box).

o Evacuate all unpecessary personnel to a safe central location
(consider personal contamination surveys and nasal smears).

o SCBAs shall be worn by all personnel fighting the fire until
airborne levels have been monitored and airborne ,
concentrations permit other respiratory protection. Full-face
respirators with purple cartridge shall be worn by all
personnel required to enter an uncleared area or support fire
fighting personnel.

o Warn approaching personnel to stay c]ear of area, and away from "
smoke or fumes.

NOTE: The primary radiological danger during a radioactive fire is
 due to ingestion or inhalation of radioactive smoke, dust,
vapors, or fumes. It is very important to keep personnel
far enough away from the site of fire and smoke to prevent
the inadvertent inhalation of possible airborne
radioactivity. Whether inside or outside a building,
: personne1 should remain upstream of air f]ow or plume.

o Notify RS Superv1sor

0 Not1fy operat1ons superv1sor ‘

o Notify appropriate Q&S sectxon

9-6
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SECTION 10
RADIATION CONTROL MANUAL

10.1 General Requirements
10.2 Transuranic Materials

10.3  Source Control Requirements
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10.1

10.3

10.0 Radiation Source Control o 359

General Requirements

For the purpose of defining requirements for control of sources, a
- radiation source is defined as a radiation generating device or a

discrete amount of radioactive material used or designed for use in
_instrumentation (other than consumable standards) or radiography.

Radiation sources are used throughout the FMPC in various gages and
as test standards. Inventories must be maintained and leak checks

__performed to maintain-adequate -control-of sources.— -~ -

10.2 Transuranic Materials

Materials controlled by Nuclear Materials inventory in accordance
with DOE Order 5633.3 are not subject to the requirements of this
manual. However, lesser quantities of transuranic materials not
subject to the Nuclear Materials inventory shall be controlled in
accordance with this manual. _

Radiation sources falling in this category are as follows:

Elements or radionuclide Amount
Plutonium - : <1 gram
Americium-241 & 243 ' <1 gram
Curium <1 gram
Berkelium ‘ <1 microgram
Californium -252 ' ' <1 microgram
Neptunium -237. <1 gram

Source Control Requirements

.0 A perm1t for radiation sources shall be obtained from the Site
~ Radiation Source Controller as required by Q&S. One permit
shall be issued for each source custodian. The permit shall be
updated as needed to reflect changing conditions of 1nventory
or requirements.

o Radiation Source Permit forms are identified in Figures 10-1
and 10-2. Figure 10-1 shows the title page(s) of the permit.
A form provided for specific data and requirements on each
radiation source is presented in Figure 10-2.

o Source custodian(s) shall perform a quarterly inventory of all
sources and provide notice of the inventory results to-the Site
Radiation Source Controller. Loss or damage to sources shall
be reported to the Site Radiation Source Controller
immediately.

o The source custod1an(s) sha]l ‘coordinate with Radiological
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Safety to have leak checks of radiation sources and other
functional checks performed as required in accordance with the
Radiation Source permit.

.Prior to bringing a radiation source on site, a Radiation
‘Source Permit must be obtained. :

Secure storage and use of radiation sources as identified by
the Radiation Source Permit is the responsibility of the user.
Users shall maintain their doses from radiation sources as low
as reasonably achievable and maintain the 1ntegr1ty of the

_source container.._ S e o

‘Radiological Safety shall provide technical assistance upon

request of the source user or custodian.

T ARG T-2057-1 (REV $12.87)
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FIGURE 10-1

RADIATION SOURCE PERMIT - TITLE PAGE

(VS )
[wp)
o)

FMPC

OPERATIONS SAFETY & HEALTH - RADIOLOGICAL SAFETY
RADIATION SOURCE PERMIT

_DEpaATuENT: - SICTIONS
SOURCE CUSTODIAN
NAME: SAQGE NUMBER:
SOURCE LEAK/FUNCTION CHECK
1.D. NUMBER |PAGE DESCRIPTION TYPE FREQUENCY
APPROVAL DATE
Source Custodian
Department Head
Site Radiation Source Controlier — b
FMPC.OS8M-2296 {1/26/89) Page of
10-3
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FIGURE 10-2

RADIATION SOURCE PERMIT - DATA AND REQUIREMENTS

369

FMPC
OPERATIONS SAFETY & HEALTH « RADIOLOGICAL SAFETY

RADIATION SOURCE DATA AND REQUIREMENTS

SiCTIdN ; « To he completed by Cusindion _ -

I BOURCE RADIONUCLIDE(B):

IDENTIFICATION KUMBER: AMOUNT OF RADICACTIVITY: DATE OF ASBAY:

USE OF SOURCE:

USELOCATION:

STORAQE LOCATION

OEZSCAIPTION OF EQUIPMENT/CONTAINEA/ENCAPBULATION:

SECTION 2 - Jo he complesed by Site Rudiation Source Controller,

[y LEAK CHECK REQUIREMENT:

FUNCTIONAL CHECK REQUIREMENT:

FMPC.OS8H-2790 (1/20/89)
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SECTION 11

RADIOACTIVE MATERIAL SHIPPING AND RECEIVING

11.1 General Requiremgnts‘

11.2 Transportation Standards

11.3 Surveying of Shipments

11.4 Radiation and Contamination Limits

11.5 Marking, Labeling and Placarding
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11.1

11.2

General Requirements

Radioactive materials received onto or shipped from the FMPC shall
conform to U.S. Department of Transportation (DOT) and U.S.
Department of Energy (DOE) rules and regulations. These rules and
regulations apply to vehicles and packages used for the shipments
as well as the materials themselves.

These rules and regulations shall apply to all radioactive
materials received or shipped, to vehicles used to ship exclusive
use shipments, and to vehicles which deliver exclusive use
shipments, regardless of intent to reuse for an exclusive use
shipment. It does not apply to materials transported exclusively
on site. Requirements for on site transportat1on of radioactive
materials are specified in FMPC-2089.

Personnel responsible for sh1pp1ng radioactive material are
responsible for packaging it in compliance with applicable rules
and regulations. .

The Transportation and Materials Management Department shall
not1fy RS Technicians when vehicles carrying radioactive material
arrive on site, are empty, are loaded and ready. for d1spatch and
for preparation of required sh1pp1ng papers.

The Radiological Safety Section shall survey packages, vehicles,
etc., maintain records, and make required reports and
not1f1cat1ons «

Transportation Standards

The Federal DOT, through Title 49 of the Code of Federal
Regulations (49 CFR), sets standards for shipping radioactive
materials. These regulations specify how the material is to be
packaged, how it is loaded, exposure rates, removable surface
contamination levels, and in some cases, how it is routed.

The U.S. Nuclear Regulatory Commission, through Title 10, Part 71
of the Code of Federal Regulations (10 CFR 71), supplements the
DOT regulations for large quantities or high levels of byproduct
materials and significant quantities of fissile materials.

The types of radioactive material shipments genera]]y made to or
from FMPC are:

LSA (Low Specific Activity) and Limited Quantity. LSA is for
shipment of thorium and nonenriched compounds of uranium via
exclusive use vehicles. Limited quantity is for solid forms of
natural thorium or uranium (not to exceed 15 g of uranium-235).
Limited quantity packages must_have_a surface dose rate of 0.5 -
mrem/hour or less.

- 92
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Surveying of Shipments

Surveys of packages and vehicles shall be performed by
Radiological Safety within the following time frames:

- Incoming packages nonexclusive use vehicle - As soon as
practical but not more than three (3) hours after receipt
during normal working hours. .
- Incoming exclusive use vehicle - prior to opening.
- A1l Vehicles - after unloading. e

-~ Vehicle to be used for exclusive use - within 24 ‘hours of

Toading.

- Outgoing package nonexclusive use vehicle - within 24 hours of
leaving.

- Outgoing exclusive use vehicles - within three (3) hours of
leaving.

- Removable contamination "Swipe" surveys are conducted using dry

filter paper. A 300 square centimeter (cm ) area of each package
is to be swiped. Large smooth surfaces ("T" hoppers, UF, cylinder,
vehicles, etc.) may be rough checked by sw1p1ng a large area with
a tissue/towelette (e.g., Kimwipe). If there is detectable
activity on the t1ssue/towe1ette, a formal 300 cm? swipe will be
requ1red Exclusive use vehicles shall be surveyed prior to being
oaded. ‘ _

Packages shall be surveyed for eXposure rate at the surface and at
one (1) meter.

‘Vehicles shall be surveyed for exposure rate at the surface and at

two (2) meters.

If the surface dose equiva]ent rate is 1.5 mrem/hour or less,
packages separated by eight (8) feet or more may be considered in
Tow background. Higher surface dose rates, larger packages --- or
arrays of packages, or closer spacing shall use the-"<" (less
than) symbol when measured exposure rates are recorded due to
unknown contr1but1ons from other packages

NOTE: Because definitions of limited quantity and the requirements
for Radioactive I, II, III labels are based on dose rate
measurements, the errors resulting from packages being too

. close together could adversely affect shipping requirements,
even though otherwise legal and proper.

Radiation and Contamination Limits

Limits are: Limited quantity packages:

Surface Dose Rate = 0.5 mrem/hr for non-exclusive
shipments 2.0 mrem/hr for exclusive shipment._ _

93
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Removable Contamination = 22 dpm/cm® averaged over 300
cm (2.2 dpm/cm2 if alpha emitters other than uranium
or thorium are present).

Package for other than exclusive use of vehicle shipment:
Surface Dose Rate: 200 mrem/hr

The Transport Index, i.e., the maximum
radiation level in mrem/hr at one meter,
is limited to not more than 10 units per

- package and not more than 50 units per
shipment.

Exclusive use of vehicle package:

Surface Dose Rate: 200 mrem/hr
Any "Surface" of Vehicle: 200 mrem/hr
2 Meters (6.6 ft): 10 mrem/hr
Any normally occupied position
in vehicle (truck Ca.): 2 mrem/hr
Contamination Limits: Same as limited quantity
' packages.

- Enclosed Exclusive use Vehicle:

Surface Dose Rate: . 1000 mrem/hr
Surface of Vehicle: - 200 mrem/hr
2 meters from surface of
vehicle: 10 mrem/hr
Any normally occupied position
in vehicle: 2 mrem/hr
Removable Contamination: Same as limited quantity
' packages.

Empty exclusive use vehicles not marked "For Radioactive Materials
Use Only", shall have an interior surface dose rate of 0.5
mrem/hour or less and the removable contamination must be less
than 22 dpm/cm?® (or 2.2 dpm/cm® if transuranic materials are
present) averaged over 300 square centimeters.

11.5 Marking, Labeling and Placarding

Radioactive materials received onto, or shipped from, the FMPC
shall conform to the marking, labeling, and placarding
requirements of the DOT and DOE rules and regulations as they
apply to packages and vehicles.

Personnel responsible for shipping radioactive material are
responsible for properly packaging, marking and labeling in
compliance with applicable rules and regulations.

94

11-3

. FIAPC-T-2657-1 (REV $/12:87)




NUMBER: REVISION: 1SSUE DATE. T

A A FMPC-2084 f)(if) _ 04/26/89

The WMCO Transportation and Materials Management shall verify the
labeling, marking and placarding of incoming materials, prior to
acceptance, and to verify marking and labeling of outgoing
packages, and to placard when placards are required on outgoing
shipments.

The U.S. Department of Transportation (DOT) through Title 49 of
the Code of Federal Regulations (49 CFR) establishes rules and
regulations for labeling and placarding radioactive materials for
shipment. The U.S. Department of Energy (DOE) establishes
criteria for packaging and shipping radicactive materials through

. DOE Order 5480.3.

11.5.1 Marking: Al1 packages except those shipped as either
limited quantity or LSA/exclusive use of vehicle must be
specification containers and shall be marked in accordance
with the following sections of 49 CFR 172:

300 Applicability (what'must be marked).

301 General requirements (information required in the
marking).

304 Marking requ1rements, characteristics and 1ocat1on(s)

- of markings.-

310 Radioactive materials - additional markings requ1red
for radioactive materials packages.

312 Liquid hazardous materials - "This side up" and
prohibition on use of other arrows.

178 Specifies the requirements for the construction of
specification containers and the required markings.

Tanks and portable tanks (49 CFR 171.8) have special marking
requirements identified in the following sections of 49 CFR:

172.326 Portable tanks.
172.328 Cargo tanks.
- 172.332-336 Identification numbers (orange pane]s)k

11.5.2 Labels: Packages of radioactive material shall be labeled
in accordance with the following sections of 49 CFR unless
they are LSA exclusive use or limited quantity shipments.

172.400 General labeling requirements.

172.402 Additional labeling requirements.

172.403 Radioactive materials additional labeling

requirements.

172.406 Placement of required labels.

172.407 Label specifications (dimensions, colors,
’ and wording).

173.29 "Empty" labels.

173.427 Specific requirements for use of "empty"

Tabels on containers which have contained
radioactive material.

35
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vehicles carrying a package which has a

"Radioactive Yellow III" label and exclusive use vehicles

carrying LSA must be placarded.

49 CFR pertain

' 172.500

The following sections of
to placarding.

Applicability of placarding requirements.
172.504 General placarding requirements (NOTE: UF,
in Table 1 and exclusive use shipments of
- LSA in Footnote 5). _
172.506 Placards for highway.
172.508 Placards for railroads. S
- 172.574 ~ Cargo tanks and portable tanks.
172.516 Visibility and display of placards.
172.519 Specifications (construction, materials
shape) for placards. ’
- 172.556 "Radioactive" placard.
11.5.4 Miscellaneous: Transportation indexes for fissile material

are given in Table 2 of 49 CFR 173.417.

Limited quantities of radioactive materials are~defined by
49 CFR 173.421, 173.421-1, and 173.423.

LSA exemptions and marking, labeling, and placarding
requirements are given in 49 CFR 173.425.

49 CFR 173.444 lists the sections which proved exceptions to
labeling requirements.

11-5
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SECTION 12
RECORDKEEPING

12.1 Radiological Monitoring Records
12.2 Work Place Monitorihg

12.3 Personnel Exposure
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12.0 Recordkeeping

12.1 Radioloqical Monitoring Records

A1l original radiological sampling data including maps, surveys
and -original sample worksheets shall be filed by Radiological
Safety and kept indefinitely.

Laboratories (including offsite laboratories) shall maintain
records of instrument serial numbers, calibration, calibration
source identification along with documentation of a complete

. quality control program--in accordance with NRC -Regulatory Guide
4.15. This information shall also be maintained indefinitely.

12.2 Work Place Monitoring

Records of surveys, data sheets, maps, radiation work permits,

~ health physics calculations, investigations, air sample results,
worksheets and any other documentation directly related to work
place monitoring shall be filed by Radiological Safety according
to location (i.e., plant, building, project or location) and
maintained for an indefinite length of time.

Data compiled on computer disks shall be trackable to original
survey results and shall be controlled through ‘the use of backup
disks. '

Documentation of work conditions affecting the results of work

area monitoring shall be listed on the appropriate record with

sufficient detail to allow understanding at an undefined future
date. Data stored on disk shall-not be construed as sufficient
reason to destroy original information.

12.3 Personnel Exposure

-Completed monthly dosimetry reports shall be retained. Each plant
supervisor and the subcontractor shall receive a copy of his/her
personnel’s monthly dose.

A summary of annual, cumulative and committed effective dose
equivalent shall be provided to each employee and subcontractor
radiation worker on an annual basis. Dose records shall be kept
indefinitely by Dosimetry and Instrumentation.

A1l raw data, corrected data and employee external radiation
reports shall be retained in a folder labeled with the particular
month. '

An extremity dosimetry report is generated quarterly by Dosimetry
and Instrumentation with extremity dose totals for each month,
e.g., a March report will contain results for January, February,
and March of that year.

95
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13.1 Radiation Safety Training
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13.1 Radiation Safety Training

Radiation safety training shall be provided to all WMCO employees

and subcontractors by Q&S and all RUST subcontractor employees by |g
RUST Engineering Company. The scope and depth of training is a i
function of the employee’s work assignment.

13.1.1 Employee Orientation

A11 employees shall receive an orientation in radiation
safety within one month of their initial employment.
Retraining shall be provided when there are significant
changes to radiation protection policies and procedures

. A which effect general plant employees, but at a sufficient
frequency not to exceed two years. The initial orientation
should include, but is not limited to:

o the risk of low-level occupational radiation exposure,
including cancer and genetic effects

o the risk of prenatal radiation exposure
o basic radiation protection concepts
o DOE and WMCO radiation protection policies and procedures

o employee and management responsibilities for radiation
) safety

0 emergency procedures

13.1.2 Radiation Worker Training

Radiation worker training programs shall be established and
conducted at a sufficient frequency (not to exceed two
years) to familiarize the worker with the fundamentals of
radiation protection and the proper procedures for
maintaining exposures ALARA. Training should include both
classroom and applied training. Training shall precede or
be concurrent with assignment as a radiation worker while
under the supervision of a trained individual. The
knowledge of radiation safety fundamentals possessed by
radiation workers shall be certified by examination prior to
an unsupervised assignment. Radiation dosimeters will not
be issued unless this training has been satisfactorily
completed. The level of training in the following topics
shall be commensurate with each worker’s assignment: '

o radioactivity and radioactive decay

o characteristics of ionizing radiation

o man-made radiation sources 100
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o acute effects of exposure to radiation
o risks associated with occupational radiation exposures

o special considerations in the exposure of women of
reproductive age

o dose equivalent limits

o mode of exposure--internal and external

o dose equivalent determinations

o - basic protective measures--time, distance, shielding

o specific plant procedures for maintaining exposure as low
as reasonably achievable (ALARA) .

o radiation survey instrumentation--calibration and
limitations

o radiation monitoring programs and procedures

o contamination control, including protective clothing and
equipment and workplace design

o self-monitoring instruments for detection of
contamination bioassay and in vivo measurements

o personnel decontamination

0 emergency procedures

0 warning signs and alarms

0 responsibilitieg of employees and management
o interaction with radiation protection staff

13.1.3 RS Technician Training

Radiation protection technician training programs shall be
established and conducted at a sufficient frequency, not to
exceed two years, to familiarize technicians with the
fundamentals of radiation protection and the proper

_ procedures for maintaining exposures ALARA. This program
shall include both classroom and applied training and shall
precede or be concurrent with assignment as a radiation
protection technician while under the supervision of a

__ trained individual.- The knowledge -of radiation-safety - —

fundamentals possessed by radiation protection technicians
shall be certified by examination prior to an unsupervised !R
work assignment. The training program should include the

101
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topics listed in the paragraph above and should emphasize
procedures specific to the facility where the technician is
assigned. The level of training in each topic shall be
commensurate with the technician’s assignment.

13.2 Training Records

Training records of plant employees, radiation workers, and
radiation safety personnel shall be retained by Human Resources
Department to document the level of understanding and proficiency
of personnel who-work with radioactive materials. Certification
of successful completion of training programs and performance
records shall also be retained.

FI4PC-T-2657-1 (REV 5/12/87) 13-3
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Exposure Effects

It is generally accepted by the scientific community that exposure

to ionizing radiation can cause biological effects that are
harmful to the exposed organism. These effects are classified

into three categories:

Somatic Effects: Effects occurring in the exposed person that, in

_turn, may be divided into two. classes:. - - -- -- -

Prompt effects that are observable soon after a
large or acute dose (e.g., 100 rems or more to
the whole body in a few hours), and

Delayed effects such as cancer that may occur
years after exposure to radiation.

Genetic Effects: Abnormalities that may occur in the future
children of exposed individuals and in subsequent generations.
Genetic effects exceeding normal incidence have not been observed
in any of the studies of exposed humans.

Teratogenic Effects: Effects that may be observed in children who
were exposed during the fetal and embryonic stages of development.

Control of Collective Dose

Concerns about these biological effects have resulted in controls
on dose to individual workers and in efforts to control the
collective dose (person-rems) to the worker population.

Nuclear activities result in a significant fraction of the total
occupational radiation exposure in the United States. Regulatory -
action has recently focused more attention on maintaining
occupational radiation exposure at levels that are as low as
reasonably achievable (ALARA). Radiation protection training for
all workers who could be exposed to ionizing radiation is an
essential component of any program designed to maintain exposure
Tevels ALARA. A clear understanding of what is presently known
about the biological risks associated with exposure to radiation
will result in more effective radiation protection and should
generate more interest on the part of the worker in minimizing
both individual and collective doses. In addition, radiation
workers have the right to whatever information on radiation risk
is available to enable them to make informed decisions regarding
the acceptance of these risks. It is intended that workers
develop an understanding of the risks involved rather than
excessive fear or indifference.

FIAPC-T-2657-1 (REV 5712/87)
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14.3 Radiation Risk

At the low dose limits set for occupational radiation exposure in
the United States, it is difficult to demonstrate a relationship
between exposure and effect. There is considerable uncertainty
and controversy regarding estimates of radiation risk. In
Appendix C, a range of risk estimates is provided (see Table 1) as
well as a d1scuss1on of the health risks due to radiation
exposure. Information on radiation risk has been included from
such sources as the 1980 National Academy of Sciences’ Report of_ _
~- -~ the Committee on the Biological Effects of Ionizing Radiation

(BEIR-80), the International Commission on Radiological Protection
(ICRP) Publication 27 entitled "Problems in Developing an Index of
Harm," the 1979 report of the science work group of the
Interagency Task Force on the Health Effects of Ionizing
Radiation, the 1977 report of the United Nations Scientific

- Committee on the Effects of Atomic Radiation (UNSCEAR report), and
numerous published articles (see the bibliography to Appendix C).

14-2
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APPENDIX A

Radiation Safety Terminology

These are terms commonly used in nuclear industry.

(From NUREG-0770, Glossary of Terms: Nuclear Power and Radiation,
June 1981. U.S. Nuclear Regulatory Commission.)



TERM -

absorber

absorption

activation

air sampling

ALARA

alphq particle

anion

atom

—————"""atomic number
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RADIATION SAFETY TERMINOLOGY

DEFINITIONS

Any material that absorbs or lessens the intensity of
ionizing radiation. A thin sheet of paper will absarb
alpha particles and a thin piece of aluminum will

absorb all except the most energetic beta particles.- - -

Concrete and steel absorb gamma rays. Neutron
absorbers (1ike boron, hafnium, and cadmium) are usad
in control rods for reactors. (See shielding.)

The process by which the number of particles or
photons entering a body of matter is reduced or
attenuated by interaction with the matter. (See
neutron capture.

The process of making a material radioactive by
bombardment with neutrons, protons, or other nuclear
radiation. (See induced radioactivity.)

The collection and analysis of samples of air to
measure its radioactivity or to detect the presence af

‘radioactive substances, particulate matter or chemical

pollutants.

Acronym for "As Low As Reasonably Achievable,” a basic
concept of radiation protection that specifies that
radioactive discharges from nuclear plants and
radiation exposure to personnel be kept as far below
requlatory limits as practical. ,

A positively charged particle ejected spontaneously
from the nuclei of some radiocactive elements. It is
identical to a helium nucleus that has a mass number
of 4 and an electrostatic charge of +2. [t has
low-penetrating power -and short range. The most
energetic alpha particle will generally fail to
penetrate the skin. Alphas are hazardous when an
alpha-emitting radioisotope is introduced into the
body.

Negatively charged jon. (See ionization)

The smallest particle of an element that cannot be
divided or broken up by chemical means. It consists
of a central core called the nucleus, which contains
protons and neutrons. Electrons orbit in the region
surrounding the nucleus. '
The number of positively charged protons in the
nucleus of an atom and the number of electrons on an

electrically neutral atom.
107
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atomic weight

attenuation

background radiation

beta particle

becquerel

bioassay

biological half-life

biological shield

body burden

bone seeker

Bremsstrahlung
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See mass number,

The prqceﬁs by which a beam of radiation is reduced in
intensity when passing through some material. [t is a
combination of absorption and scattering processes.

The natural radiation in man’s environment, including

cosmic rays and radiation from the naturally accurring
radioactive elements, both outside and inside the

bodies of humans and animals. An average individual

exposure from background radiation is 125.millirem-per-— — --

" “year in mid latitudes at sea level.

A charged particle emitted from a nucleus during
radioactive decay, with a mass equal to 1/1837 that of
a proton. A negatively charged beta particle is
identical to an electron. A positively charged beta
particle is called a positron. Large amounts of beta
radiation may cause skin burns, and beta emitters are
harmful if they enter the body. Beta particles are
easily stopped by a thin sheet of metal or plastic.

A unit, in the International System of Units (SI), for
the measurement of radfoactivity equal to one
transformation or atomic disintegration per second.

The collection and analysis of human hair, tissue,
nasal smears, urine or fecal samples to determine the
amount of radicactive material that might have been
deposited in the body. Routes of passible entry are
inhalation, ingestion or injection.

The time required for a biological system, such as
that of a human, to eliminate by natural processes
half the amount of a substance (such as a radioactive
material) that is present within it.

A mass of absorbing material placed around a reactor
or radioactive source to reduce the radiation to a
level safe for humans.

_The amount of radioactive material which if deposited
in the total body will produce the maximum permissible
dose rate to the body organ considered the critical

- organ.

A radioisotope that tends to accumulate in the bones
when it is introduced into the body. An examp]e'is
strontium-90. which behaves chemically like calcium.

Secondary photon radiation'produced by deceleration of
charged particles passing through matter.

calibration

The check or correction of the accuracy of a measurin
instrument to assure proper operational
characteristics. (See counter.)
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cask

charged particle

chronic exposure
- committed dose .

equivalent

compound

contamination,
radioactive

controlled area

control room
(building)

_ ‘ cosmic radiation

counter

critical organ

criticality

crud

A colloquial term_for corrosion_and_wear products

FMPC-2084 Rev. 1
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A hgavilx shielded container used to store and/or . shiz
rad1o§ct1ve materials. Lead and steel! are common
materials used in the manufacture of casks.

An ion. An elementary particle carrying a positive or |
negative electric charge.

See exposure.

Predicted total dose equivalent to a given organ or

tissue over a 50 year period after an .intake of a .. .- ..
‘radionuctide into the body.

A chemical combination of two or more elements
combined in a fixed and definite proportion by weight.

The deposition of uncontained or unwanted radioactive
material on the surfaces of structure, areas, objects,
or personnel.

- A defined area in which the occupational exposure of

personnel to radiation or radicactive material is
under the control of an individual in charge of
radiation protection.

An area in a plant from which most of
the plant power production and emergency safety
equipment can be operated by remote control.

Penetrating ionizing radiation, both particulate and
electromagnetic, originating in space. Secondary
cosmic rays, formed by interactions in the earth’s
atmosphere, account for about 45 to 50 millirem of the
125 mil1irem background radiation that an average
individual receives a year.

A general designation applied to radiation detection
instruments or survey meters that detect and measure
radiation. The signal that announces an jonization
event is called a count. (See Geiger-Mueller
counter.)

The body organ receiving a radionuclide or radiation
dose that results in the greatest overall risk.

" A term used in radfation physics to describe the state

when the number of neutrons released by fission is
exactly balanced by the neutrons being absorbed (by
the fuel and poisons) and escaping the pile. A
reaction is said to be "critical”™ when it achieves a
self-sustaining nuclear chain reaction. .

(rust particles, etc.) that become radicactive under a
radiation flux. (See induced radioactivity.) :
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cumulative dose The total dose resulting from repeated exposures of
radiation to the same region, or to the whole body,
over a period of time.

curie (Ci) - The basic unit used to describe the quantity of
radioactivity in a sample of material. The curie is

- equal to 37 billion disintegrations per second, which
is the rate of decay of 1 gram of radium. A curie is
also a quanitity of any radionuclide that decays at a
rate of 37 billion disintegrations per second. Named
{ggaMarie and Pierre Curie, who discovered radlum in

daughter products Isotoges that are formed by the radiocactive decay of
some other radioisotope. In the case of radium-226,
for example, there are 10 successive daughter
products, ending in the stable isotope lead-206.

decay, radioactive The decrease in the amount of any radioactive material
with the passage of time, due to the spontaneous
emission from the atomic nuclei of either alpha or

beta particles, often accompanied by gamma radiation.
(See half-Tife; radioactive.)

decontamination The reduction or removal of contaminating radioactive
material from a structure, area, object, or person.
Decontamination may be accomplished by (1) treating
the surface to remove or decrease the contamination;

(2) letting the material stand so that the
radioactivity 1s decreased as a result of natural

decay.

depleted uranium Uranium having a percentage of uranfum-235 smaller
than the 0.72 percent found in natural uranium. (See
mill tailings.)

design-basis phenomena Earthquakes, tornados, hurricanes, floods, etc., that
a nuclear facility must be designed and built to
withstand without loss to the systems, structures, and
components necessary to assure public health and
safety.

detector A material or device that is sensitive to radiation
and can produce a response signal suitable for
measurement or analysis. A radiation detection
instrument. (See counter.)

differential pressure The difference in pressure between two points of a

(0P) system, such as between the inlet and outlet of a
pump.
disintegration See decay, radioactive.
_dose . —— .- —— A quantity-(total-or accumulated)-of— onuz1n S

radiation received. The term "dose" is often used in
the sense of the exposure, expressed in roentgens,

110
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which is a measure of the total amount of ionization
that the quantity of X ray or gamma radiation could
produce in air. This should be distinguished from the
absorbed dose, given in rads, that represents the
energy absorbed from any radiation in a gram of any
material. Furthermore, the biological dose, given in
rem, is a measure of the biological damage to living
tissue from the radiation exposure.

A term used to express the amount of biologically
effective radiation when modifying factors have been
considered. The product of absorbed dose multiplied
by a quality factor multiplied by a distribution

factor. [t is expressed numerically in rem.

A portable instrument for measuring and registering
the total accumulated exposure to ionizing radiation.

(See dosimetry.)

~The theory and application of the principles and

techniques involved in the measurement and recording
of radifation doses. Its practical aspect is concerned
with the use of. various types of radiation instruments
with which measurements are made. (See film badge;

survey meter.)

The radiation dose delivered per unit of time.
Measured, for example, in rem per hour.

The time required for the amount of a radioactive
element present in a living organism to be diminished
S0 percent as a result of the combined action of
radioactive decay and biological elimination. (See
biological hal?-'!fe.)

A traveling wave motion resulting from changing
electric and magnetic fields. Familiar
electromagnetic radiations range from X rays (and

amma rays) of short wavelength, through the :
uTtra-violet, visible, and infrared regions, to radar
and radio waves of relatively long wavelength. All

electromagnetic radiations travel in a vacuum with the
velocity of 1ight (See photon.) :

An elementary particle with a unit negative charge and
a mass 1/1837 that of the proton. Electrons surround
the positively charged nucEeus and determine the
chemical properties of the atom. (See beta

particle.)

One of the 103 known chemical substances that cannot

be broken down further without changing its chemical
‘properties. Some examples include hydrogen, nitrogen,

gold, lead, and uranium.

See isotopic enrichment. o 111
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An abnormal redness of the skin due to distension of
the capillaries with blood. It can be caused by many
different agents -- heat, drugs, ultraviolet rays and
ionizing radiation.

The act or condition of being subject to the effect or
risk of a field of radiation or dispersion of
radioactive materfal. Acute exposure is generally
accepted to be a large exposure received aver a short

period of time. Chronic exposure is exposure-received -

(See dose.)

.Exposure to ionizing radiation when the radiation

source is located outside the body.

The hands and forearms and the feet and ankles.
(Permissible radiation exposures in these regions are

contain less blood-forming mate

generally greater than for the whole body because they
rial.)

Although sometimes used as a synonym for fissionable
material, this term has acquired a more restricted
meaning; namely, any material fissionable by thermal
(sTow) neutrons. The three primarily fissile
materials are uranium-233, uranium-235 and

plutonium-239.

The splitting of a nucleus into at least two other
nuclei and the release of a relatively large amount of
energy. Two or three neutrons are usually released
during this type of transformation.

High-energy, short wavelength electromagnetic
radiation emitted from the nucleus. Gamma radiation
frequentTy accompanies alpha and beta emissions and
always accompanies fission. Gamma rays are very
penetrating and are best stopped or shielded against
by dense materials, such as lead or uranium. Gamma

rays are identical to X rays of the same energy.

Normally formless fluids that completely fill the
space and take the shape of their container.

A method of isotopic separation based on the fact that
gas atoms or molecules with different masses will
diffuse through a porous barrier (or membrane) at
different rates. This method is used to separate
uranium-235 from uranium-238; it requires large
gaseous diffusion plants and enormous amounts of
electric power.
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A radiation detection and measuring instrument. [t

.consists of a gas-filled chamber, such as a tube

containing electrodes, between which there is an
electrical voltage but no current flowing. When
ionizing radiation interacts in the chamber, a short,
intense pulse of current passes from the negative
electrode to the positive electrode and is measured or
counted. The number of pulses per second measures the
intensity of radiation. It was named for Hans Geiger

.and W. Mueller who invented it in the 1920s. [t is

sometimes called simply a Geiger counter, or a G-M

_counter. . . . _._ . . AR .

A form of carbon, similar to the lead used in pencils,
used as a moderator in some nuclear reactors also for
molds in high temperature furnaces.

A unit, in the International System of Units (SI), of
absorbed dose which is equal to 1 joule per kilogram.

1 Gy = 100 rad

The time in which half the atoms of a particular
radioactive substance disintegrates to another nuclear
form. Measured half-lives vary from millionths of a
se$?n?i}o billions of years. Also called physical
half-life.

The time required for the body to eliminate by

physiologic processes half of the material present in
it.

The time required for a radionuclide pfesent in a
biological system to be reduced by half as a combined

result of radioactive decay and biological

elimination.

The thickness of any given absorber that will reduce
the intensity of a beam of radiation to one-half its
initial value. This value varies with radiation
energy and beam size and location of shielding. (See
attenuation; shielding.)

The science concerned with recognition, evaluation and
control of health hazards from ionizing and
non-ionizing radiation.

Any device that transfers heat from one fluid (liquid
or gas) to another flyid or to the environment.

Anything that absorbs heat; usually part of the
environment, such as the air, a river or outer space.

Any-area—accessﬁble—to—personneTT—in—thch—a—major
portion of the body could receive a radiation dose of
100 millirem (0.1 rem) in one hour. - These areas must

113
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be posted as "high radiation areas” and access into
these areas is maintained under strict control.

hot A colloquial term meaning highly radioactive.
hot spot The region in a radiation/contamination area in which

the level of radiation/contamination is noticeably"
greater than in neighboring regions in the area.

induced radioactivity See activation. o

ion An atom or group of atoms that carries a positive or
negative charge as a result of having lost or gained
electrons; an electron that is not associated with a
nucleus. (See ionization.)

ionization - The process of adding one or more electrons to or
removing one or more electrons from atoms or
molecules, thereby creating ions. High temperatures,
electrical discharges, or ionizing radiations can -
cause fonization.

ionization chamber An instrument that detects and measures ionizing
radiation by measuring the electrical current that
fTows when radiation ionizes gas in a chamber, making
the gas a conductor of electricity. (See counter.)

ionizing radiation Any radiation with sufficient energy to displace
electrons from atoms or molecules, thereby producing
ions. Examples: alpha, beta, gamma, X rays, neutrons
and ultraviolet light. High doses of ionizing
radiation may produce severe skin or tissue damage.

irradiation Exposure to radiation.
isotope - One of two or more atoms with the same number of

rotons, but different number of neutrons in their
nuclel. Thus, carbon-12, carbon-13 and carbon-14 are
Tsotopes of the element carbon, the numbers denoting
the approximate atomic weights. [sotopes have the
same chemical properties, but often different physical
properties (for example, carbon-12 and carbon-13 are
stable, carbon-14 is radioactive.

isotope separation The process of separating isotopes from one another,
, ' or changing their relative abundances, as by gaseous
diffusion or electromagnetic.separation. [sotope
separation is a step in the isotopic enrichment
process.

isotopic enrichment A process by which the relative abundances of the

' tsotopes of a given element are altered, thus S
e——-- - -—— - "~ producing a form of the element that has been enriched
in one particular isotope and depleted in its other

~isotopic forms. :
114
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A prefix that myltiplies a basic unit by 1000.
Example: 1 kilometer = 1000 meters.

The unit of electrical potentia}. equal to 1000 volts.

The acute dose of radiation expected to cause death
within 30 days to 50 percent of those exposed without
medical intervention. Generally accepted to range
from 400 to 450 rem for humans when received over a
short period of time.

An area of low population density often required
The number and density

around a nuclear installation.
of residents is of concern in emergency planning so

that certain protective measures (such as notification

and instructions to residents) can be accomplished in
a timely manner. '

An instrument system used to identify and measure
radioactivity in the lungs of human begins; it uses
heavy shielding to keep background radiation
interference low and ultra sensitive radiation
detectors and electronic counting equipment.

The equation developed Py Albert Einstein which is
usually given as E = mc¢, showing that, the energy of
a body, £ (no matter what form the energy takes),
varies with the_product of the mass, m, of the body
and a factor, c2. The factor ¢ , the square of the
speed of light in a vacuum, may be regarded as the
conversion factor relating units of mass and energy.
The equation predicted the possibility of releasing
enormous amounts of energy by the conversion of mass
to energy. It is also called the Einstein equation.

The number of nucleons (neutrons and protons) in the
nucleus of an atom. Also known as the atomic weight
of an atom. .

A prefix that multiplies a basic unit by 1,000,000.
One million curies. (See curie.) |

A'prefix that divides a basic unit into one million
parts. '

A one-millionth part of a curie. (See curie.)

‘A one-millionth part of a second.

Naturally radioactive residue from the processing of
uranium ore into yellowcake in a mill.
miTling process recovers about 93 percent of the
uranium, the residues, or tailings, contain several
radioactive elements, including uranium, thorium,
radium, polonium and radon. 115
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A prefix that divides a basic unit by 1000.

A one-thousandth part of a rem. (See rem.)

A one-thousandth part of a roentgen. (See roentgen.)
A group of atoms held fogether by valence (electron)
forces. A molecule is the smallest unit of a compound

that can exist by itself and retain all its chemical
properties. '

~ Periodic or continuous determination of -the amount of

ionizing radfation or radicactive contamination
present in an occupied region, as a safety measure,
for purposes of health protection or contamination
control. (See radiological survey.)

A prefix that divides a basic unit by one billion.
One billionth part of a curie.

See background radiation.

Uranium as found/in nature. [t contains 0.7 percent
uranium-235, 99.3 percent uranium-238 and a trace of
uranium-234.

An uncharged elementary particle with a mass slightly
greater than that of the proton, and found in the
nucleus of every atom heavier than hydrogen and in two
isotopes of hydrogen.

The process in which an atomic nucleus absorbs a
neutron. :

A process in which some of the neutrons released in
one fission event cause other fissions to occur.
There are three types of chain reactions:

(1) Nonsustaining chain reaction - An average of less
than one fission is produced by the neutrons
released by each previous fission (reactor
subcriticality.)

(2) Sustatning chain reaction - An average of exactly
one fission is produced by the neutrons released
by each previous fission (reactor criticality.)

(3) Multiplying chain reaction - An average of more
- than one fission is produced by the neutrons
released by previous fission (reactor
supercriticality.)

_A _gaseous chemical--element that does not readily enter

into chemical combination with other elements. An
inert gas. (See fission gases.)
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See decay, radfoactive.

The.energy liberated by a nuclear reaction (fission or
fusion) or by radiocactive decay. '

See fission.

A powerful short-ranged attractive force that holds
together the particles inside an atomic nucleus.

See radfation, nuclear.

The process of inducing a disintegration of the
nucleus of an atom. _

Common name for a constituent particle of the atomic
nucleus. At present, applied to protons and neutrons
but may include any other particles found to exist in
the nucleus.

The small, central, positively charged region of an
atom that carries essentially all the mass. Except
for the nucleus of ordinary (light) hydrogen, which
has a single proton, all atomic nuclei contain both
protons and neutrons. The number of protons
determines the total positive charge, or atomic

" number; this ifs the same for all the atomic nuclei of

a given chemical element. The total number of
neutrons and protons is called the mass number. (See

isotope.)

A general term referring to all known isotopes, both
stable (279) and unstable (about 5000), of the
chemical elements.

An individual who does not routinely work with or in
the proximity of radiation generating devices or
radioactive materials but whose duties may
occastonally bring him/her into areas where radiation
exposure may occur.

A radionuclide that upon radioactive decay or
disintegration yields a specific nuclide (the

daughter).

Parts (molecules) of a substance coniained in a
million parts of air (or water) by volume.
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An arrangement of chemical elements in order of
increasing atomic number. Elements of similar
properties are placed one under the other, yielding
groups or families of elements. Within each group,
there is a variation of chemical and physical
properties, but in general there is a similarity of
chemical behavior within each group.

The determination of the degree of radioactive
contamination on individuals using survey meters, or. ...

‘the determination of radiation exposure received by

means of dosimetry devices.

A quantum (or packet) of energy emitted in the form of
electromagnetic radiation. Gamma rays and X rays are
examples of photons. , :

A prefix that divides a basic unit by one trillion.
One trillionth part of S curie.

A container (usually lead) used to ship ar store
radioactive materials. The thick walls protect the
person handling the container from radiation. Large
containers are commonly called casks.

A heavy, radioactive, manmade metallic element with
atomic number 94. [ts most important isotope is
fissile plutonium-239, which is produced by neutron
irradiation of uranium-238.

A small jonization detection instrument that indicates
radiation exposure directly or indirectly. An
auxiliary charging device is usually necessary.

Particle equal in mass, but opposite in charge, to the
electron; a positive electron.

An instrument in which an electronic detection system
receives pulses that are proportional to the number of
fons formed in a gas-filled chamber by ionizing
radiation.

The degree of protection provided by the proper fit
and use of respiratory protective equipment.

An elementary nuclear particle with a positive
electric charge located in the nucleus of an atom.
(See atomic number.)
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The priqcipal factor by which the absorbed dose is tg
be multiplied to obtain a quantity that expresses. an

a common scale for all ionizing radiations, the

biological damage to exposed persons. It

is used

- because some types of radiation, such as alpha

particles, are more biologically damaging
types.

Acronym for radiation absorbed dose. The
of absorbed dose of radiation. “A dose of
means the absorption of 100 ergs (a small

than other

basic unit
one rad
but _

--measurable-amount of ‘energy) per gram of absorbing

material.

An acronym derived from "radioactivity detection

to radiological instruments or equipment.

Any area, accessible to personnel, in which the level

indication and computation,” a generic term applying

of radiation is such that a major portion of an

individual’s body could receive in any one hour a dase

in excess of S millirem, or in any five consecutive

days a dose in excess of 100 millirem.

A device that detects and registers the

characteristics of ionizing radiation. (See

counter.)

See monitoring.

Particles (alpha, beta, neutrons) or photons (gamma)

emitted from the nucieus of an unstable (radioactive)

atom as a result of radioactive decay.

Reduction of radiation field by interposing a éhield

of absorbing material between any radiation source and

a person’s work area or radiation-sensitive device.

Usually a man-made sealed source of radioactive

material used in teletherapy, radiography, as a power

source for batteries, or in various types of

industrial gauges. Machines such as accelerators, X-

ray units and radioisotope generators and natural

r;dionuclides may be considered sources.

Exposure standards, radioactivity concentration guide,

rules for safe handling, regulations for

transportation, regulations for industrial control of

radiation and control of radiocactive material by

legislative means.

See radiation sickness (syndrome).

~ ~ An-officfally prescribed symbol (a magenta trefoil)

on a yellow background that must be displayed where

certain quantities of radioactive material
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present or where certain doses of radiation could be

‘ received. [ts uses are prescribed by law.
radioactive Exhibiting radibactivity or pertaining to
radioactivity, ' »
radioactive _ Oeposition of radicactive material in any place where
contamination it is not contained or wanted.

radioactive isotope A radioisotope.

o "7 'radioactive series A succession of nuclides, each of which tranforms by
radioactive disintegration into the next until a
stable nuciide resuits. The first member is called
the parent, the intermediate members are called -
daughters, and the final stable member is called the
end product.

radioactive waste See waste, radioactive.

radioactivity The spontaneous emission of radiation, generally alpha
or beta particles, often accompanied by gamma rays,
‘from the nucleus of an unstable isotope.

radiobiology | The study of the effects of ionizing radiations upon
; Jiving tissue or organisms.

: : radiography The making of shadow images on photographic film by
‘- the action of ionizing radiation.

radioisotope An unstable isotope of an element that decays or
- disintegrates spontaneously, emitting radiation.
Approximately 5000 natural and artificia
radioisotopes have been identified.

radiological survey The evaluation of the radiation hazards accompanying
A the production, use, or existence of radiocactive

materials under a specific set of conditions. Such
evaluation customarily includes a physical survey of
the disposition of materials and equipment,
measurements or estimates of the levels of radiation
that my be involved, and a sufficient knowledge or
processes affecting these materials to predict hazards
resulting from expected or possible changes in
materials or equipment.

radiology That branch of medicine dealing with the diagnostic
and therapeutic applications of radiant energy,
including X rays and radioisotopes.

radionuclide A radioisotope.
. ___ _____radiosensitivity— --—The relative susceptability of cells, tissues, organs,
) organisms, or other substances to the injurious action
. of ionizing radiation. 120
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radium (Ra) A radioactive metallic element with atomic number 88.
As found in natuyre, the most common sotog has a mass
number of 226. [t occurs in minute quantities
associated with yranium in pitchblend. carnotite and
other minerals. ,

radon (Rn) A radioactive element that is one of the heaviest
gases known. [ts atomic number is 86, and its mass
number is 222. It is a dagghter of radium.

reaction : Any process involving a chem1ca! or nuc19ar change.

"The reuse of fissionable mater1a1 after it has been
recovered by chemical processing from spent ar
depleted reactor fuel, re-enriched and refabricated
into new fuel elements.

- recycling’

rem Acronym of roentgen equivalent man. The unit of dose
of any ionizing radiation that produces the same
biological effect as a unit of absorbed dose of
ordinary X rays. (See quality factor.)

restricted area Any area to which access is controlled for the
: protection of individuals from exposure to radiation
and radiocactive materials.

roentgen (R) A unit of exposure to ionizing radiation. It is that
amount of gamma or X rays required to produce ions
carrying 1 electrostatic unit of electrical charge in
1 cubic centimeter of dry air under standard
conditions. Named after Wilhelm Roentgen, a German
scientist who discovered X rays in 1895.

roentgen equivalent See rem.
man (or mammal)

scattered radiation Radiation that, during its interaction with a
substance, has been changed in direction. [t may also
have been modified by a decrease in energy. [t is one
form of secondary radiation.

scintillation detector The combination of phosphor, photomultiplier tube,
or counter and assoctated electronic circuits for counting light
‘ emissions produced in the phosphor by ionizing
radiation. (See counter.)

secondary radiation Radiation originating as the result of absorption of
: other radiation in matter. It may be either
electromagnetic or particulate in nature.

shielding Any material or obstruction that absorbs radiation and
: thus tends to protect personnel or material from the
effects of 1ontzing radiation

“sievert (Sv) o A unmt, in the Internationa1 system of Units (SI),
dose equivalent. 1 Sv = 100 rem 121
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soluble ‘Readily dissolved in body fluids.
somatic effects of Effgcys of radiation limited to the exposed
radiation inqlvldual. as distinguished from genetic effects,"
which may also affect subsequent unexposed
generations.
special nuclear Includes plutonium, uranium-233, or uranium enriched
material . in the isotopes uranium-233 or uranium-235.

spent (depleted) fuel Nuclear reactor fuel -that has been used to the extént
LT that it can no longer effectively sustain a chain
reaction.

source material Any physical or chemical form of uranium or thorium or
ores which contain by weight 0.05% or more of uranium
or thorium.

stable isotope An isotope that does not Undergo radioactive decay.

stay time The period during which personnel may remain in a
' restricted area before accumulating some permissible

exposure. |

subcritical mass An amount of fissionable material insufficient in

quantity or of improper geometry to sustain a fission
chain reaction.

survey A study to (1) find the radiation or contamination
. Yevel of specific objects or Tocations within an area
of interest; (2) locate regions of higher-than-average

intensity; {.e., hot spots. (See personnel
monitoring.)

survey meter Any portable radiation detection instrument especially
adapted to establish the existence and amount of
fonizing radiation present. (See counter.)

tailings, tails . See mill tailings.
tenth thickness The thickness of a given material that will decrease

the amount (or dose) of radiation to one-tenth of the
amount incident upon it.” Two-tenth thicknesses will
reduce the dose received by a factor of 10 x 10; i.e.,
100, and so on. (See shielding.)

terrestrial radiation The portion of natural radiation (baékground that is
emitted by naturally occurring radioactive materials
in the earth. _ .

thermalization The process undergone by high-energy (fast) neutrons
as they lose energy by collision. (See neutron,
I —— [ ] 5 T T S
toxicology Is the study of the adverse effects of chemicals on
’ living organisms. 120
: s
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A radioactive isotope of hydrogen (one proton, two

neutrons). Because it is chemically identical to
natural hydrogen, tritium can easily be taken into tha
body by any inhalation, ingestion or absorption path.
Decays by beta emission. [ts radioactive half-life is
abaut 12 1/2 years.

Electromagnetic radiation of a wavelength between tHe
shortest visible violet and low-energy X rays.

The area outside the owner-controlled. portion of -a---

~nuclear facility (usually the site boundary).

A radioisotoge._

A radioactive element with the atomic number 92, and
as found in natural ores, has an atomic weight of
approximately 238, The two principal natural isotopes
are uranium-235 (0.7 percent of natural uranium),
which is fissle, and uranium-238 (99.3 percent of
natural uranium), which is fissionable by fast
neutrons and is fertile. Natural uranium also
includes a minute amount of uranium-234.

See isotopic enrichment.

See mill tailings.

The gaseous form of substances that are normally in
liquid or solid form.

Solid, liquid and gaseous matertals from nuclear
operations that are radioactive or become radioactive
and for which there is no further use. Wastes are
generally classified as high level (having
radioactivity concentrations of hundreds of thousands
of curies per gallon or cubic foot), low level (in the
range of less than 1 microcurie per gallon or cubic
foot), or intermediate leve etween these extremes).

A device used to identify and measure the radiation in
the body (body burden) of human beings and animals; it
uses heavy shielding to minimize the interference of

background radiation on ultrasensitive radiation
detectors and electronic counting equipment. -

An exposure of the body to radiation, in which the
entire body, rather than an isolated part, is
irradiated. Where a radfoisotope is uniformly
distributed throughout the body tissues, rather than
being concentrated in certain parts, the irradiation

A sample made for the purpose of determining the
presence of removable radiocactive contamination on a

123
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surface. It is done by wiping, with slight pressure,
a piece of soft filter paper over a representative
type of surface area. It is alsc known as a "swipe
sample.” May also be called "smears" at some
facilities. ‘

Penetrating electromagnetic radiation (photon) having
a wavelength that is much shorter than that of visible
l1ight. These rays are usually produced by excitation
of the electron field around certain nuclei. In
nuclear reactions, it is customary to refer to photons
originating in the nucleus as gamma rays, and to those
originating in the electron field of the atom as X
rays. These rays are sometimes called roentgen rays
after their discoverer, W. K. Roentgen.

A product of the uranium milling process, yellowcake
is a solid uranium compound that takes its name from
the color and texture. Yellowcake is the initial feed
material to the fuel cycle.
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DOE 5480.11

DERIVED AIR CONCENTRATIONS FOR CONTROLLING
RADIATION EXPOSURE TO WORKERS AT DOE FACILITIES

The derived air concentrations (DAC) for limiting radiation exposures through
inhalation of radionuclides by workers are listed in Table 1, Page B-3. The
values are based on either a stochastic (committed effective dose equivalent)
dose 1imit of 5 rem (0.05 Sv) or a nonstochastic (organ) dose limit of 50 rem
(0.5 Sv) per year, whichever is more limiting. (Note: the 15 rem [0.15 Sv]
dose 1imit for the Iens of the eye does not appear as a cr1t1ca] organ dose

- limit.) o - S - AR 7 S o

Table 1 contains five columns of information: (1) radionuclide; (2) inhaled
air DAC for lung retention class D (uCi/mL); (3) inhaled air DAC for lung
retention class W (uCi/mL); (4) inhaled air DAC for lung retention class Y

. (uC/mL); and (5) an indication of whether or not the DAC for each class is
controlled by the stochastic (effective dose equivalent) or nonstochastic
(tissue) dose. The classes D, W, and Y have been established by the
International Commission on Radiological Protection (ICRP) to describe the-
clearance of inhaled radionuclides from the lung. This classification refers
to the approximate length of retention in the pulmonary region. Thus, the
range of half-times is less than 10 days for class D (days), from 10 to 100
days for class W (weeks), and greater than 100 days for class Y (years). The
DACs in Table 1 are listed by radionuclide, in order of increasing atomic '
mass, and are based on the assumption that the particle size distribution of
the inhaled material is unknown. For this situation, the ICRP recommends that
an assumed particle size distribution of

1 um be used. For situations where the particle size d1str1but1on is known to
differ significantly from 1 um, appropriate corrections (as described in the
DOE report Internal Dose Conversion Factors for Calcutation of Dose to the
Public)"” can be made to both the estimated dose to workers and the DACs.

The following assumptions and procedures were used in calculating these DAC
values for inhalation by workers:

(1) The worker is assumed to inhale 2,400 m> of air during a 2000 hour work
year, as defined by the ICRP in 1ts Publication No. 23.2

(2) The internal dose factors used in calculating the DAC values were taken
from the report Internal Dose Conversion Factors for Calculation of Dose
to the Public."” These factors are based on the metabolic data and
dosimetry models recommended by the ICRP in its Publication No. 30.%

1/ U.S. Department of Energy (DOE). 1988. Internal Dose Conversion
Factors for Calculation of Dose to the Public. Washington, D.C.
2/ International Commission on Radiological Protection (ICRP). 1975. ICRP

Publication 23: Report of the Task Group on Reference Man. Pergamon
Press, New York, New York.

3/ International Commission on Radiological Protection (ICRP). 1979- 1982.

.- ICRP Publication 30: -Limits-for Intakes of Radionuclides by Workers:
Parts 1 to 3 and Supplements 2(3/4) through 8(4), Pergamon Press, New

York, New York.
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The DAC values are given for individual radionuclides. For known mixtures of
radionuclides, the sum of the ratio of the observed concentration of a
particular rad1onuc]1de and its correspond1ng DAC for all radionuclides in the
mixture must not exceed 1.0.
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360

A Dcr1vod Af{r Concentratfons (DAC) for Controlling Rad1ation Exqosurss to

Workers at DOE Facilities

Radionucl {de

H=3 (Water)?/

 H=3 (Elemental)ds --—--

Be=~?
8e-10
C-11 (Org)2/
Cc-11 (Co)2/
C~11 (COp)2/
C~14 (Org)3/
C-14 (CO)2s
C-14 (COz)2/

F-18

Na=22
Na=-24

Nng-28
Al-26

$1-31
S1-32

P=-32
P=-33

$-35
$-35 (Gas)

C1-36
Cl-38
C1-39

K-40
K-42. - <. .
K=-43
K-44
K-43

!nha1ed Alr - Lung Retention C1ass

lﬂsié__l l!..l!&l .QL.J!&)

2.E-08

" 3.E-01

-3/

2. 5‘04
S.E-04
3.E-04
1.E-06
7.E-04
9.E-05

3.E-05

3.6-07
2.E=Q6.

7.E-O7.‘
3.£-08
1 ) E-OS

1.E-Q7

4.E-07

3.E-06
7.E-08

1.E-06
2.E-0S

2.E-07
<2.E-06
4.E-06
3.E~03
3.E-0S

2.E-03

-8.E=01

9.£-06
6.£-08

2.E-04

" 5.E~-04

3.E-04
1.E-~06
7.E-Q4
9.E-0S5

4.£-03

S.E-07
. 3.E-08

1.£-05
S.E-08

2.E-07
1.E-08

9.£-07
6.E-06

1.£-07
2.E~08
2.E~0S

B-3

2.E=-08 . .

3.E-01

8.E-08
6.£E-09

2.E-04
S.E-04
3.E-04
1.E-06
7.E-04

9.£-0S

3.E-0S

Stochastic
or Organl/

(B /N /Y

- St/st/st -
St/St/st

/St/St
/5t/St

St/st/st
St/st/st
St/st/st
St/st/st
St/st/st
St/st/st

St/st/st

st/ /
st/ /

st/sty/
st/st/

St/st/st
st/st/st

st/st/
St/st/

st/st/
/st/

st/st/
St/st/
st/st/

st/ /
st/ /
st/ /
st/ /
st/ 7/
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_ Inhaled Afr - Lung Retentfon Class Stochastic
‘ ) oW Y or Organ}/
- Radionuclide (ucf/ml) {pCi/mL) (ucCt /mt ) 0D /N /Y
Ca-41 _ - 2.£-06 - /E /
Ca-45 - 3.E-07 - /5t/
Ca-47 - 4.E-07 - /St/ B
e e- — -Se~43 - - T T T e - 1.E-08 / /St
Sc~44n - - 3.E-07 / /st
Sc-44 - - 5.E-06 / /St
- Sc=46 - - 1.E-07 / /St
Sc=-47 - - 1.E-06 / /St
Sc-48 - - 6.E~07 -/ /St
Sc-49 - - 2.E-05 / /St
T1-44 5.E-09 1.e-08 2.E-09 St/st/st
T1-45 1.E-0S 1.E-05 - 1.E-05 St/st/st
V=47 4,E-08 4.£-05 - st/st/
V=48 4.E-07 " 3.E-07 - st/st/
V=49 1.E-08 7.E-06 - Bs/st/
Cr-48 o 5.E-Q6 3.£-06 J.E~06 St/st/st
Cr-49 - 3.E-0S 4.E-0S 4.E-05 St/st/st
Cr=-51 2.E-QS5 . 1.E-0S8 8.E~-06 St/st/st
.Mn=§1 2.E-Q0S . 2.E-0S - st/st/
.Hn=52m 4.E-0S 4.E-0S - St/st/
Mn-52 S S.E=Q7 4.E-Q7 - St/st/
Mn-53 ‘ S.E=06 S.E-06 - 8s/st/
Mn=-54 4.E-Q7 J.E-07 - St/st/
Mn-56 , 6.E-06 9.E-06 - St/sty
Fe-52 1.6-06 1.£-06 - St/sty
Fe=5S 8.£=0Q7 2.E-06 - St/st/
Fe-59 ‘ 1.£=-07 2.£E-07 - St/sty
Fe-60 . 3.€-09 8.E-09 - St/st/
Co-55 - 1.£-06 1.E-06 /St/st
Co=-56 - 1.E-07 8.E-08 /St/st
Co-57 - 1.E~06 3.E-07 /St/st
Co-58m - 4.£-05 ' J.E-0S /St/st
Co~58 - 3.E-Q7 J.E-07 . /St/St
Co=-60m - - 2.E-03 1.£-03 /St/st
Co-60 ‘- 7.€-08 1.£-08 /St/st
‘Co=61 - J.E-0S 2.E~-08 /St/st
Co~62m - 7.E-0S5 -7.E-0S 7St/st
129
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Radfonucl{de

Ni-56
Ni-56
Ni-57
N1-57
Ni=-59

TN1-59

N1-63
Ni-63
N{-6S
N1=&S
N1-66
N1-66

Cu-60
Cu=-61
Cu~64"'

" Qu=-67

Zn=-62
Zn-63
Zn=-635
Zn=-69m
in=-69
in=71m
n=72

(Inorg)
(Vapor)
(Inoryg)
(Vapor)

(Inorg)

(Vapor)
(Inorg)
(vapor)
(Inorg)
(Vapor)
(Inorg)
(vapor)

Ga-65

Ga-66
Ga-67
Ga-68
Ga-70
Ga-72
Ga-73

E-O?
2. E-OG

z.z-as~

7.£-07
1.E~0S
7.£-07

4.E-08

1.£-08
1.E-0S
3.E~-06

7.E-0S8
1.E~06
6.E~-06
2.E-0S
7.E-QS8

2.E-08

6.E-06

1.E-08
4.E-08
2.E-06
6.£-08
2.E~04
3.E-08
4.E-06
9.E-06

- 3.E=Q7
S.E=07
1.E-06
3.E-06
J.E=06
8.E-07
1.E-06
3.E-07
1.E-05
3.E-07
1.E-08

S.E-0S
2.£-05
1.E-0S
2.E-06

5 E-OS

B-5

!nhaled Alr -« Lung Rotontion CYa:
12..[!&1 Lu..l!&l Lu__zhhl

t

4.E-05
1.E-03
9.E-06
2.E~06

1.E-06

3.E-08

1.E-07
 3.E-06
6.£-0S
7.6-06
5.6-07

¢ 0 1 1 my
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Stochastic
or Organl/

(0 /¥ /Y

st/st/
/st/-

st/st/

/st -

© st/st

/St/
st/st/
/St/
st/st/
/St/
St/sty
/St/

st/st/st
St/st/st
St/st/st
St/st/st

/St
/St
/St
/5t
/St
/5t
/St

NN

st/st/
st/ /st
st/st/
St/st/
st/st/
Sst/st/
St/st/

St/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

- St/sty

/st

134



FMPC-2084 Rev. 1

\ . 360
00E 5480.11
Inhaled Afr - Lung Retention Class Stochastic
0 ) TOW Y or Organ}l/
Radionuclide (uei/mi) {ng(le_ (uCi/ml) (O /W /Y)
As=70 - 2.E-08 - /5t/
As-71 - 2.E-06 - /St/
As=72 - 6.E-0Q7 - /St/
As-73 - .07 . - /St -
. As=74 - 3.E-07 - /St/
As-76 - 6.E-Q7 - /St/
As=77 - 2.E-06 - /St/
As-78 - 9.E-06 - /St/
Se-70 1.£-08 2.E-05 - st/st/
Se=73nm 6.E-0S5 6.E~0S -~ St/sty/
Se=73 6.E-06 7.E-06 - St/st/
Se=7S§ 3.E-07 3.E-07 - Sst/st/
Se-79 o J.E-07 2.E-07 - Sst/st/
Se-81lm J.E-0S J.E=-0S - St/st/
Se-01 . 9.E-08 1.E-04 - st/st/
Se-83 S.E-0S S.E-0S - st/st/
Br-74m 1.E-08 2.E-0S - st/st/
Br-74 - 3.E-QS 3.E-0s - Sst/st/.
Br-75 2.E-08 2.E-08 - St/st/
Br-76 ' 2.E-06 2.E-06 - St/st/
Br-77 1.E-05 8.E-06 - St/st/
Br-80om ' 7.E-06 6.E-06 - St/st/
Br-80 8.E-0S 9.E-05 - St/st/
Br-82 2.E~06 2.E=06 - St/st/
Br-83 3.E-0S " 3.E-0S - st/st/
Br-84 2.E=QS 3.E=-0S - St/st/
Rb=79 : S.E-08 - - st/ /
Rb-8lm ] 1.E-04 - - st/ /
Rb=-81. o 2.E-08 - - st/ /
Rb-82m : 7.E-06 - - st/ /
Rb-83 4.E-0Q7 - - st/ /
Rb-84 . 3.£-07 - - st/ /.
Rb-86 3.E=07 - - st/ /
Rb=87 6.E-07 - - st/ /
_Rb-88 J.E-08 - - - St/ /
Rb-89 : 6.E-QS - - st/ /
Sr-80 . 9.E-04 - 1.E-03 St/ /st
Sr-81 3.E-08 - 3.E-08 - st/ /st
Sr-83 J.E-Q6 - 2.E-06 st/ /st
Sr-85a _ 3.E-04 - 3°ETQ’, St/ /st
131
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Inhﬂed X Lung Retention cm Stochastic

or Organl .
Radfonuclide .(.L.J&l - m_)_ (uct Q&! (A [42'
Sr-as : 1.£-06 - 7.6-07 st/ /st
Sr-87w S.E-05 - 6.E-03 st/ /st
Sr-89 - 3.E=Q7 - 6.E-Q3 st/ /st
Sr-s0 8,.E-09 - 2.E-09 Bs/ /St
sr-91 2.E-06 = - - lE-C8 -- st/ st
-SP=92- - - - - S T 4 E=06 - 3.E~0¢ St/ /st
Y-86m - 2.8-08 2.E-05 /St/st
Y-86 - 1.6-06 - - 1.E-0s /st/st
Y=-87 - 1.E-06 1.E-0s /St/st
Y-88 - 1.E-07 1.E-07 /St/St
Y-90u - S.E-Q6 3.E-06 /St/st
Y-90 - 3.£-07 3.E-07 /St/St
Y-91ln - 1.E-04 7.E-058 /St/St
Y=-91 - . 7.E=08 5.E-0u /St/st
Y-92 - 3.E-06 3.E-06 /St/st
Y-94 - 3.E-08 3.E~-08 /St/st
Y=-95 - 6.E-0S 8.E-05 /St/St
r-86 2.E-08 1.E-06 1.6-08 St/st/st
r-88 9.E-08 2.E=07 1.E=-Q7 St/St/st
2r-8g 2.E-06 1.E-06 1.E-06 st/st/st
ir-93 J.E=-09 1.£-08 - 2.E-08 Bs/BS/BS
ir-9s : §.E-08 2.E=07 1.E-07 ys/st/st
ir-97 8.E-07 6.E=07 S.E=07 St/st/st
Nb-88 - 1.E-04 9.E~05 /St/st
Nb-89 (66 min) - 2.E=08 2.E=08 /St/st
Nb-89 (122 min) - 8.E=-08 7.E-06 /St/St
Nb~9Q - 1.£-06 1.£-06 /st/st
Nb-93m - S.£-07 - 7.E~08 . /St/St
Nb-94 - 8.E-08 6.£-09 /St/St
Nb-9S5m - 1.£-06 9.E-07 /5t/St
Nb=-93 - 3.E=07 '3.E=07 /St/St.
Nb~96 - 1.E-06 1.8-06  /st/st
Nb=97 - J.E~0S 3.E-03 /St/st
Nb-98 - 2.E-0S 2.E-03 /St/st
Mo-90 J.E-06 - 2.E-08 st/ /st
Mo-93m . 7.E=-086 - 6.E~-08 st/ /st
Ho-93 2.E~068 - 7.£-08 St/ /st
No-99 1.E-06 - 6.E-07 sty /st
Ho-101 o 6.E-0S - 6.E-05 st/ /st
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Radionuclide
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Tc-93m
Tc-93
Tec=-94m
S Te~-94
Tc-96m
Tc-96
T¢c=-97m
Tc-97
Tc-98
Tc-99m
T¢c-99
Te-101
Tec-104

Ru-94
Ru=97
Ru-=103
Ru-10S$
Ru=106

Rh=-99m
Rh-99
Rh=100
Rh=101lm
Rh=101
Rh-102m
Rh=102
Rh-103m
Rh=-10S5
Rh=106m
Rh=107

Pd-100
Pd-101
Pd-103
P4-107
Pd-109

Ag=-102
Ag~-103
Ag-1Q4m
Ag-104
Ag-10S

369
. Inhaled A{r - Lung Retention Class Stochastic
0 _ L Y or Organl/
(pCi/mi) {pCi/mi ) (puCt /wl) D/MN/Y
7.£-08 1.E-04 - St/st/
J.E-0S 4.E-03 - st/st/
2.E-08 2.£-08 e St/st/ .
8.6-06 ~  1.E-0S - st/st/
1.£-04 1,E-04 - st/st/
1.E-06 9.E-07 - st/st/
3.E-06 5.6-07 - SW/St/
2.E-0S 2.E-06 - st/st/
7.E-07 1.£-07 - st/st/
6.E-0S5 1.E-04 - St/st/
2.E-06 3,E-07 - SW/St/
1.£-04 2.E-04 - st/st/
3.E-0S 4.E-0S. - st/st/
2.E-05 3.E-03 2.£-08 St/st/st
8.E-06 . 3.E-06 ‘ S.E-06 St/St/St
7.E-07 4,.E-07 3.£-07 st/st/st
6.E-06 6.E-06 S.E-06 St/St/st
4.€-08 2.£-08 5.€-09 St/St/St
2.£-08 3.E-03 3.E-05 St/st/st
1.E-06 9.£-07 8.E~-07 st/st/st
2.£-06 2.€-06 - 2.E-06 st/st/st
S.E-06 3.E-06 J.E-06 St/st/st
2.6-07 = 3.E-07 7.E-08 St/St/st
2.6-07 - 2.£~-07 5.£-08 st/st/st
4,.E-08 7.£-08 2.E-08 St/st/st
4.E-04 S.E~04 5.E-04  st/st/st
S.E-Q6 3.E~06 2.E-06 St/St/St
1.E-03 1.E-Q0S 1.E-0S st/st/ste
1.E-04 1.E-0¢ 1.£-04 St/st/st
§.E-07 S.E-07 6.£-07 St/st/st
1.E-03 1.E-0S 1.E-03 st/st/st
J.E-06 2.E-06: 1.£-06 St/st/st
9.E-06 3.E-06 2.E-07 X /St/st
3.E-06 2.E-Q6 2.£-06 St/st/st
8.E-08 9.E-0S 8.E-03 st/st/st
4.E-05 6.E-0S5 5.E-05 st/st/st
4.E-05 S.E-03 $.e-05 St/St/st
3.£-08 6.E-0S 6.E~-05 st/st/st
4.€-07 7.£-07 7.E-07  st/st/st
133
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Inhaled Afr - Lung‘Retnntion_Chss - Stochastie

0 W Y or Organ!
Radionuc){de _ (pCi/m.) 'IHC'ﬁlE! ' (uCi ) WA 4'41 :
Ag=106m : 3.E-07 4.£-07 4.E-07 St/st/st
Ag=-106 : 7.E~0S 9.E~-08 8.E-03 St/st/st
Ag=-108w ) 8.E~-08 1.E-07 - 1.E-04 St/st/st
Ag=-110w : 6.£-08 8.E~08 4.E~08- .- - sgystyst o
Ag=-111 = - 7 T 7.E=07 T T 7T 4.E=07 . 4.E-07 L /St/st
Ag=112 _ 3.E=-Q06 4.£E-08 4.E-D6 St/st/st
Ag=-113 4.£E-0S 4.£E-08 J.E-058 St/St/st
Cd-104 3.£E-Q8 S.E-0S 3.E-0S St/st/st
Cd-=107 2.E-0S 2.E-QS 2.E-0S St/st/st
Cd-109 1.E-08 3.E~08 S.E-08 K /X /St
Cd-=113m 1.E-09 4.E~09 3.E-09 - K /K /St
Cd-113 " 9.E~10 3.E-09 6.E-09 K /K /St
Cd-115m , 2.E-08 S.E-08 6.E=-08 K /st/st
Cd-115 6.E-07 3.E~07 : 6.E-07 S5t/st/st
Cd=117m S.E=-08 * 7.E-06 6.E-06 St/st/st
Cd-117 5.E~06 7.E-06 6.E-06 St/st/st
In=109 2.E-0S 3.E-08 - St/st/
In-110 (69 nin) - 2.E=QS 2.E=-03 - st/st/
In~110 (S h) ?.E=06 8.6-06 - St/st/
‘ In-111 T 3.E-06 3.E-06 - St/st/
In-112 . 3.E-04 3.E=-04 - St/st/
In-113m : 8.E-0S . 8.E-03 - St/st/
In-115= - 2.E-0S 2.E=-0S - st/st/’
In-115 6.£-10 2.E-09 - St/st/
In-116m J.E=0S 3.E=03 - St/st/
In-117w 1.E=08 2.E=0S - st/st/
In=117 ’ 7.E-08 9.£-05 - st/st/
In=11%a S.E=-08 6.£-05 - St/sty/
Sn=110 S.E-068 3.£-08 - st/st/
Sn=111 9.E-0S 1.E-04 - St/sty/
Sn=113 3.E-Q7 T 2.E=07 - St/st/
Sn=117m 3.E=-Q7 6.E=-07 - B8/st/
Sn-119a 1.E-08 4.£-07 - St/st/
Sn-121m 4.E-07 2.E-07 - st/st/
Sn=121 . 6.E-08 J.£=08 - St/st/
- Sn=123m - 3.E-08 6.E-05 - St/st/
-Sn=123 3.E-07 7.E-08 - st/st/
Sn=125 4.E-07 2.E-07 - St/sty
Sn-126¢ 2.E-08 3.E-08 - St/st/
N ) 741 ¥
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: , tha1ed AMr - ngg Retenticn Class Stochastic
o o : Yy - or Organl/
Radionuclide (uct [E&! (uc ngl C(uCi/wl) D /W/Y)
Sn-128 1.E-08 . 1.E-0S - St/sty/
Sb-115 ' 1.E-04 - 1.E-04 - St/sty
Sb=116m ___ . . 3.E-08- - - - 6.E=08 - - =TTUUUSE/St)
sSb-117 9.E~0S5 1.E-04 - St/st/
Sb-118m 8.E-06 9.E-08 - st/st/
Sb-119 ) ~2.E-08 1.E-08 - st/st/
Sb-120 (16 min) 2.E-04 2.6-04 - St/st/
Sb-120 (6 d) 9.£~07 6.E-07 - -St/st/
Sb-122 ' 1.E-06 4.€-07 - St/st/
Sb-124m 3.E-04 3.E-04 - st/st/
Sb-124 ' 4.£-07 1.£-07 - st/st/
Sb-125 1.E-06 2.E-07 - st/st/
Sb-126m . 8.E-0S " 8.E-08 - st/st/
Sb-126 4.£-07 = = 2.E-07 - st/st/
- Sb=127 9.E-07 . 4.E-Q7 - st/sv/
Sb-128 (9 h) .. 2.E=~06 1.E-06 - St/st/
Sb-128 (10 min) 2.E-0¢ 2.E-04 - St/st/
Sb-129 : 4.£-06 4.£-06 - st/st/
Sb~-130 ' 3.E-03 - J.E-03 - St/st/
Sb-131 _ _1.E-0S 1.6-08 - T /T /
Te-116 9.€-06 1.E-03 - st/st/
Te-121m _ ' 8.E-08 - 2.E=07 - Bs/st/
Te-121 - 2.E-06 1.E-06 - st/se/
Te-123m 9.E-08 2.E-07 - BS/St/
Te-122 _ . 8.£=-08 - 2.E=07 - BS/BS/
Te-125m 2.E-07 3.E-07 - BS/St/
Te-127m 1.E-07 1.8-07 - - Bs/st/
Te-127 9.E-06 7.E-06 - st/st/
Te-129m 3.6-07 1.E-07 - st/st/
Te-129 3.E-05 3.€-08 - st/st/
Te-=131ln 2.E-Q07 2.£-07 - T/T./
Te-131 2.E-06 2.E-06 - T /T/
Te-132 9.£~08 9.E-08 - T /T /
Te-133m : . 2.E~06 2.E-06 - T/T/
Te-133 9.E-06 9.E-06 - T/T/
Te-134 , 1.E-0S 1.E-03 - T/T/
I-120m ’ 9.E-06 - st/ /
1-120 4.E-06 - - T/ /
- I-121 _ 7.E-06 - T/ /
I-123 : - T/
135



Radionuclide

[-124
1-125
I-126
I-128
1-129
=130
I-131
I-132n
1-132
1-133
1-134
I-135

Cs-12S%

Cs=-127 .

Cs-129
Cs-130
Cs-131
Cs=132
Cs=134m
CS-134

Cs-135m
Cs=135 - -

Cs=138 -
Cs=1237

Cs-138 -

Ba-]126
Ba-128

Ba~13lm

Ba-131
Ba-133m
Ba-133
Ba-=135m
Ba-~139
Ba~-140
Ba-141
Ba-142

La-131
La=132
La=13S
La-137
La-138

)

3.E-08
3.E-08
1.E-Q8
S.E~08

R "E.og T

3.E-07
2.E-08
4.E-06
3.£-06
1.E-07
2.E-05
7.E-Q7

6.E-0S
4.E-Q8
1.E-0S
8.£E-03
1.E-08
2.:‘06

4.E~00
8.E-Q3 "
S.E-07 ..
J.E«07 .
7.E-08 -

2.E-0S§
6.E-06

7.6-07

6.E-04
3.E-06
4.E-06
3.£-07
S.£-06
1.E-05
6.E-07
3.£-08
6.E-05

3.E-08
4.E-06
4.E-03
3.£-08

nhaled Afr = Lung R

etention Class
(4] W - Y
(gﬂ&}-

(HCY fwt )
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(uCT il )

.’

Stochastic
or Organ}l/

D W

g - — -
NSNS~

A A
NN N NN NN NS

st/

st/
st/

st/

st/

St/
st/
st/
st/
st/

st/

st/
st/
st/
st/
st/

w v v o v w
coadadidn
SNNSNNNNN

/
/
/
/
/
/
/
/
/
/
/.
/
/
/
/
/
/
/
/
/
/
/
/

Y

/
/
/
4
/
/
/ .
/
/
/
/
/

/

st/st/
st/st/
st/st)
L /E /

136

styst/
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Inhalod Alr = Lung Rountfon c'lus Stochastic
. or Organl/
Radionucl{de - (uct &] (gCi( 2 (uc 1&2 (0 /W £ Y)
La-140 6.E-07 S.E-07 - st/st/
La-141 4.E-06 S.E-06 - St/st/
La-142 9.E-06 1.E-08 - st/st/
La-143 4.E-05  4.E-05 = StySt) - i -
Ce-134 - 3.E-07 3.E-07 /St/st
Ce-135 - 2.E-06 2.E-06 /St/st
. Ce=137m - 2.E-06 2.E-06 /St/st
Ce-137 - 6.E-05 S.E~-0S /St/st
Ce-139 - 3.E-07 3.E-07 /St/St
Ce-141 - 3.E-07 3.E-07 /St/st
Ce-143 - 8.E-07 7.E-07 /St/st
Ce-144 - 1.E-08 6.E-09 /St/st
Pr-136 - 1.£~04 9.E-0S8 /St/st
Pr-137 - 6.E-0S 6.E-05 /St/st
Pr-138n - 2.E-05 2.E-05 /St/st
Pr-139 - $.E-05 S.E-05 /St/St
Pr-142nm - 7.E-0S 6.E~0S /St/st
. Pre-142 - 8.E-07 8.E-07 /St/st
.. Pre143 - 3.£-07 3.£-07 /St/st
‘ : Pr-144 - S.E-05 5.E-0S /St/st
Pr-145 - 4.E-06 3.E~06 /St/st
Pr-147 - 8.E-0S 8.E-0S8 /St/st
Nd-136 - 2.E-0S . 2.E-0S /St/St
Nd-138 - 3.£-06 . 2.E=-06 © /St/St
Nd-139m - 7.E-06 6.E-06 /St/St
Nd-139 - 1.E-04 1.E-04 /St/st
Nd-141 - 3.E-04 3.E-04 /St/Sst
Nd-147 - 4.E-07 3.E-07 /St/St
Nd-149 - 1.£-03 1.E-05 /St/St
Nd=151 - 8.E-0S . 8.£-0S /St/st
Pm-141 - 8.E-0S 7.E-08 /St/st
Pm-143 - 3.E-07 3.£-07 /St/st
Pm-144 - S.E~-08 S.E-08 /St/st
Pm=-145 - 7.E-08 8.E-08 /BS/St
Pm—~146 - 2.E-08 2.E-08 /St/st
Pm-147 - 6.E-08 6.E-08 /BS/St
Pm-148m - 1.E-07 1.£-07 /St/st
Pm-148 - 2.E-07 2.€-07 /St/Sst
Pm-149 - 8.E-07 8.E-07 /St/St
Pm=-150 - 8.E-06 7.E-06 /St/St
® 137
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Inhaled A{F - Lung Retentfon Class Stochastic
0 TOM Y or Organl/

Radfonuclide (ucism)  (uciom)  (ucipa) 0 /W /Y
Pm-151 - 2.E-08 - 1.E-048 /St/st
Sw-l41m - 4.E-08 - /St/
Sw-141 - 7.E-03 . - - /st) T
_Swe)e2 . . . - g - 1.E-08 - /St/
T Sm=148. - 2.E-07 - /St/
Su-146 - 1.E-11 - /BS/
Sm-147 - 2.E-11 - - /8S/
Sw-151 - 4.E-08 - /8S/
Sa-153 - 1.6-06 - /st/
Sm-155 - 9.E-08 - /St/
Sm-156 - 4.E-08 - /St/
Eu-~14S - 8.E-07 - /St/
Eu-146 - S.E-07 - /St/
Eu-147 - 7.E-07 - /St/
Eu-148 - 2.E-07 - /5t/
Eu-149 - 1.E-06 - /St/
Eu-150 (12 h) - "J.E=08 - /St/
Eu=-150 (34 yr) - 8.£-09 - /5t/
Eu-152m - - 3.E-06 - /St/
. . Eu-182 - 1.£~08 - /st/
Eu~-154 . - 8.E-09 - /5t/
Eu~-155 - 4.E-08 - /BS/
Eu-156 - - - 2.E-07 - /St/
Eu-157 - . 2.E-06 - /5t/.
Eu-138 - 2.E-0S - /sty
Gd-145% 7.E-08 7.£-08 - st/st/
Gd-146 S.E~-08 1.E-07 - st/st/
Gd-147 2.E-06 2.E-06 . - st/st/
Gd-148 3.E-12 1.E-11 - 8S/8S/
Gd-149 : 9.E-07 1.E-06 - st/st/
Gd=-151 2.E-07 S.E-Q7 - BS/St/
Gd-132 4.E-12 2.E-11 - BS/BS/
Gd-153 6.E-08 3.E-07 - BS/St/
Tb-147 - 1.E-0S3 - /st/
Tb-149 - 3.E-07 - /st/
Tb-150 - 9.E-06 - /st/
Tb=-151 - 4.E-0¢ - /5t/
TH~153 _ - 3.E-06 - /st/
Tb-1354 - RE-08 . - sty -

® - | 138
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Inhaled Afr - Lung Retentfon Class - Stochastic

C s : R o - - W Y . or Organl/ "~
Radfonucl{de (Ci/mt)  (uCi/m)  (uCtpm) (0 /w v
Tb=-15% - 3.E-06 ' - ‘ /st/
Tb=-156a (24 h) - 3.E-06 - /St/
Tb-156m (S h) - 1.E-08 - /5t/ i
Tb-156 - - B.E=07- o - /sty

“-Th=157 . - 1.E-07 - /BS/
Tb-158 - 8.E-09 - /St/
TH-160 - * 1.E-07 - /St/
Tb-161 - 7.£-07 - /St/
Dy-155 - 1.E-05 - /St/
Dy-157 - 3.E-08 - /St/
Dy-159 - . 1.E=06 - /St/
Dy-165 - 2.E-08 - /St/
Dy~166 - 3.E-07 . - /St/
Ho-155 - 7.£-058 - /St/
Ho=157 - - 6.E~04 ‘- /St/
Ho-159 - 4.E-04 - /st/
Ho~-161 - 2.E=04 - /St/
Ho-162m - 1.E~04 - /St/
Ho-162 I - 1.£-03 - /5t/
Ho-164m - 1.E~04 - /St/
Ho-164 L e - 3.E-04 - : /St/
Ho-166m S - 3.£-09 - . /St/
Ho~-166 - 7.E-07 - : /St/
Ho=167 - 2.E-05 - /St/
Er-161 - 3.E-05 - /St/
Er-165 - 8.E-05 - /St/
Er-169 - 1.E-06 - /St/
Er-171 - 4.E-06 - /St/
Er-172 - 6.E-Q7 - /St/
Tm-162 - 1.£-04 - /St/
Tm=166 - 6.E-06 - /st/
Tm-167 - -8.E~07 - /St/
Tw=-170 - 9.E-08 - /St/
To=171 - 1.E-07 - /BS/
To-172 - S.E-07 - /St/
Tm=-173 - 5.E-06 - /St/
To=-175 - 1.E-04 - /st/
Yb-162 ' - - 1.E-04 1.E-04 /st/se
Yb-166 e BUE=07 - ——pEeQY— To/St/st
139
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Inhalcd Alr - Lung Rctention Chs: Stochastic
- or Organl/
Radfonuclide. .(L&). Lﬁ.&l LL.AQ. [CA WAS)
Yb-167 - J.E=04 3.:-04 /St/st
Yb-169 - 3.E=-07 - 3.E~-07 /St/St
Yb-175 - 1.£-06 1.E-08 /St/st
Yb-177 - 2.E-0S 2.E-0s8 /5t/st
Yb-17l e 2.E=08 ) . E-O05-—— —- V41743
Lu-169 - 2.E=-06 2.E-08 /St/st
Lu-170 - 9.E-07 8.E-Q7 /St/st
Lu=-171 - 8.E-07 8.E-07. /St/st
Lu=-172 - S.E=07 J.E~07 /5t/St
Lu=173 - 1.E-07 1.E-07 /8S8/St
Lu=-174 - S.E-08 7.E-08 /BS/St
Lu~176m - 1.£-0S 1.E-05 /5t/St
Lu-176 - 2.E-09 3.E-09 /BS/St
Lu=177 - 9.£-07 9.8-07 /St/st .
Lu-178m - 8.E-0S8 7.E-05 /St/st
Lu-178 - S.E=-0S S.E-08 _./St/Sst
Hf=170 - 2.E=-06 2.E=06 - st/sty
Hf=172 - - 4.E-09' . 2.E~-08 - BS,8s/
Hf-173- S.E-06 "  $,£-06 - st/st/ .
Hf=17% - 4,.E-07 '-_ 3.E=07 - BS/st/
Hf=177m 2.E-08" ' 4,E-08 - St/st/
Hf=178n 6.E-10 - - 2.£-09 - Bs/8s/
Hf=179m 1.E=07 - 3.E-07 - Bs/st/
Hf=180m 9.E-06 1.£-08 - st/st/
Hf=181 7.E-08 2.E=07 - Bs/st/
Hf=182n 4.£E-08 6.E~-0S - St/st/
Hf-183 2.E-0S 2.E=0S - St/st/
Hf-184 J3.E-06 J.E-08 - St/st/
Ta=122 - S.E-08 4.E-08 /5t/St
Ta=173. - 8.E-06 7.E-06 /St/St
Ta-174 - 4.£-03 4.E-03 - /St/Sst
- Ta=176 - 3.E=08 5.E-06 /5t/st
Ta-178 - 4.E-0S 3.E-03 /St/St
Ta-=179 - 2.E-08 4.E~07 /St/st
Ta-180m - 3.E-0S 2.E-05 /St/st -
140
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Ir-185. S.E-06 S.E-06 ' 4.E-067

[

DOE 5480.11
' ~ Inhaled Afr - Lung Retention Class
: : ) "] Y

. Radfonuclide T et e) (eismt) " (ueipd)
Ta-180 - 2.E-07 1.E-08
Ta-182n - 2.E-04 2.E-04
Ta-182. - 1.£-07 6.£-04d
Ta-183 - 5.E-Q7 4.£-07
Ta-184 B = - .E-06 T 2.£-06
Ta-185 - 3.E-0S 3.E-05
Ta-186 - 1.E-04 9.E~0s"
w-176 2.£-08 - -
W-177 4.E-05 - -
W-178 ~ 8.E-06 - . -
W-179 7.E-04 - -
W-181 , ' 1.£-05 - -
W-185 3.£-06 - -
W-187 4.E-06 - -
W-188 5.E-07 - -
Re-177 . 1.E-04 2.E-04 -
Re-178 1.E8-04 . 1.E-04 -
Re-1481 ' 4.E-06 4.E-06 -
Re-182 (64 h) 1.€-06 . 9.E-07 -

. Re=~182 (12 h) 3.E=06 . ' 6.E-06 -
.;,-Re=184m ~ 1.E-06 . 2.E=07 -
.. Re-184 2.E-06 . 6.£~07 -

. Re-186m 7.E-07 .l 6.E-08 -
Re-186 ‘ 1.E-06 7.£-07 -
Re-187 3.E-04 .. 4.E-0S -
Re-188m 6.E-0S . 6.E~0S -
Re-188 ~ 1.E-06 1.£-06 -
Re-189 2.E-06 2.E-06 -
Os-180 , T 2.E-04 2.E-04 - 2.E-04
Os-181 2.E-05 = 2.g-0s 2.E-05
0s-182 2.E-06 2.E-06 . 2.E-06
0s-185 2.E-07 3.£-07 3.E~07
Os-189m 1.£-04 9.£-05 7.E-05
Os-191m ' 1.E-08 9.£-06 - 7.E-06
0s-191 9.£-07 7.£-07 6.€E-07
0s-193 2.E-06 1.E-06 1.E-06
Os~194 2.£-08 2.€-08 3.E-09
Ir-182 6.E-08 6.E-0S 5.E-05
Ir-184 1.£-08 1.E-05 1.E-05

Stochastic
or Organl/

(0 / W/ Y)

/st/st
/St/st
/St/st
/St/st
/St/st
/St/st
/St/st

St/
St/
St/
st/
St/
st/
st/
st/

SNNNNNNN N

st/st/
St/sty
St/St/
St/st/
St/St/

st/st/

_St/st/
‘SW/st/
St/st/
Sw/sty/
St/sty/
st/st/
St/sty/

St/st/st
St/st/st
St/St/St
St/st/st
St/st/st
st/st/st
St/st/st
St/st/st
St/st/st

St/st/st
St/st/st
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Radidnucl1do'

Ir-186
Ir-187
Ir-188
Ir-189
Ir=190m
Ir-190
Ir-192n
Ir=-192
Ir-194n
Ir-194

Ir-195w

Ir-195

Pt-186
Pt-188
Pt-189
Pt-191
Pt=193m
Pt-193
Pt-193nm
Pt=197wm
Pt-197
Pt-199
Pt-200

Au-193
Au=194
Au=-19S
Au~198n
Au-198
Au-199
Au=-200m
Au=-200
Au=201

Hg-193w (Org)
Hg-193m (Inorg)
Hg-193w (Vapor)
Hg=193 (Org)
Hg=193 (Inorg)
Hg=193 (Vapor)

* Hg=194 (Ovryg)

Hg-194 (Inorg)

Hg-~194 (vfpor)

FMPC-2084 Rey._l
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DOE 5480.11

Inhaled Afr ~ Lung Class Stochastiec
[+] e MW 'Y or Organ}/

B-17

ng _Retention
(uct/m) (uCt /o) (Weinl) (0 /v /Y
3.£-06 3.E-06 2.E-0¢8 St/st/st
1.£-08 1.E-08 1.E-0s St/st/st
2.E=06 2.E-06 1.E-06 St/st/st
~2.E<086 2.f-08 *2.E-06 - - - St/st/st
8.£-0S -9.,E~-08 80.E-03 St/st/st
4.E-07 4.E-07 .. 4.E-07 St/st/st
4.E-08 9.E-08 8.£-09 St/st/st
1.£-07 2.E-Q7 9.£E-08 St/st/st
4.E-08 7.E-08 4.£-08 St/st/st
1.E-08 9.E>Q7 8.E-07 St/st/st
1.E-08 1.E-0S8 9.E-06 St/st/st
2.E-08 2.E-0S 2.E-0S _ St/st/st
2.E-0S - - sty y/
7.£E-07 - - st/ /
1.E-0S8 - - st/ /
3.E-06 - - st/
2.E-06 - - st/ /
IOE‘OS. - - . St./ /
20:‘06 - - St/ /
2.E-08 - - st/ g
‘05'06 - -’ - St//
6.E-08- " - - st/ /-
1.E-06 - - st/ /
6.E-08 ‘ 7.E-08 7.E-06 St/st/st
2.E~0¢ " 2.E=06 2.E-08 St/st/st
1.E-06 6.E=-07 2.E-07 St/st/st
3.6-07 4.E-07 4,607 St/st/st
3.E=07 1.E-06 1.E-08 St/st/st
1.E-06 1.E-08 1.E~-0¢8 St/st/st
8.E-07 1.E-08 ‘1.E=06 St/st/st
2.E-08 3.E-08 3.E-03 . St/st/st
6.E~0S 9.E-0S 9.E-03 St/St/st
6.£-08 - - st/ /
4.E-0¢8 J.E-08 - St/st/

- 4.E-06 - /5t/
3.£-08 - - st/ /
2.E-08 S.E-08 - Sst/st/

- 1.6-08 . /sty

142 .



---Hg=195 (Inorg)-

DOE 5480.11

Radfonucl{de

Hg-195a (Org)

Hg-195w (Inorg)
Hg-195m (Vapar)
Hg-195 (Org)

Hg=195 (Vapor)
Hg=-197m (Org)
Hg-197m (Inorg)
Hg=197m (Vapor)
Hg=-197 (Org)
Hg=197 (Inorg) -
Hg-197 (Vapor)
Hg-199m (Org)
Hg=-199m (lnorg)
Hg-199m (Vapor)
Hg-203 (Org)
Hg=203 (Inorg)
Hg=-203 (Vapor)

T1-194m .
T1-194
T1-195
T1-197
T1=-198m .
T1-198
T1-199
T1-200
T1-201
T1-202
T1=-204

Pb-195w
Pb-198
Pb-199
Pb-200
Pb-201
Pb-202m
Pb-202
Pb=-203
Pb-20S
Pb-209
Pb-210
Pb-211
Pb=-212

i

FMPC-2084 Rev.

B-18

360
Inhaled Afr - Lung Retention Class Stochastic
0 W Y or Organ}/

(uCi/ml) (uCt /) (uCi Nal) [(CIWAWAS)
3,E-06 - - st/ /
2.E-06 . 2.E=08 - st/st/

- ’ " 2.,£-06 - /St/
2.€-0S8 N YA

T 1.E=-08 1.E-08 - st/st/

- 1.5—05 - /St/
4 .E-06 - - st/ /
J.E-Q06 2.E-0§ - - St/St/

- 2.E=08 - /St/
8.E-06 - - Sty /
S.E-06 + 4,E~08 - st/st/

- 3.E~-0S - /St/
7.E-0S T - - st/ /
6.E~0S 7.E-08 - St/St/

- 3.E-08 - /St/
3.E-07 - - st/ /
5.E-07 5.E-07. - st/st/ .

- . 302_’07 - /st/

. 6.E-Q8° -. - Sty -/

J3.E-04° 7. e _ - St/

' S.E-05 ' ol c e - -8t/ ]
'S.E=08 - - st/

" 2.E-08 ‘e - .St/ f
1.E=05 ‘- v - 172
J.E-0S - - sty /
S.E-06 - - st/ /
9.E-06 - - st/ /
2.E-Q6 - - st/ /
9.E-07 - - st/ /
8.E-05 - - st/ 7/
3.E-QS - - - St/ /
3.E-08 - - - st/ /
3.E-06 - - st/ /
9.E-06 - - st/ /.
1.E-0S - - st/ /
2.E-08 - - st/ /
4.E-06 - - st/ /
6.E-07 - - st/ /
2.E-0S5 - - st/ /
1.E-10 - - 8s/ /
3.E-07 - - st/ /
1.E-08 - DU, . ) J Sy S

3
143

1



Radionuec) {de
Pb=214¢ h

81-200
81-201
B8f-202
81-203 -
B1-208
81-206
81-207.
"Bil=210m
81-210
B1-212
Bi-213
B1-214

Po=203
Po-208
Po=-207
Po-210

At-207

. &‘21 1

Rn-220
Rn=222

Fr-222
Fr=223

Ra-223
Ra=-224
Ra-225
Ra-22¢
Ra-227
" Ra-228

Ac=224
Ac-225
Ac=-226
Ac=227
- AC=228

Th-226
Th=227

FMPC-2084 Rev. 1

DOE 5480.11
360

Inhaled Afr - Lung Retentfon Class Stochastic
0 W Y or Organl/
(eind)  Geia) et (0 g

3.£-07 - | - st/ /

-3.E=-08 4.E-08 - st/st/
1.E-08 2.E-05 - st/sty
2.£-05  3,£-05 -- st/st)
J.E~06 2.E=06 - st/sty/
1.E~-06 S.E~07 - St/st/
6.£E-07 4.E-07 - St/st/
7.E-07 2.E=07 - st/st/
2.E-09 '3.E-10 - K /st/
1.E~-07 1.E=-08 - K /st/
1.E-07 1.£=07 - St/st/
1.E-07 2.E-Q7 - st/st/
J.E=-Q7 4.E-Q7 - St/st/
3.£-08 4.£-08 - st/st/

- 2.E-08 3.E~08 - st/st/
1.E-08 - 1.E=0S - St/st/
J.E-10 J.E=10 - E /Sty
1.6-06 . = 9.g=-07 - St/sty/
J.E-Q8 . 2.E=08 - - St/St/

. 8.E=0947 Ry ' -“/
3.E-083/ -4/ -4/ -4/
2.E-07 - - st/ /
J.E-07 - - st/ /

- 3.E-10 - /5t/
- 70:'10 - /st/
- J3.E=10 - /St/
- J.E=10 - /st/

- GOE'“ - . /BS/
- S.E-10 - /5t/
1.E-08 2.E-08 e.E-08 BS/st/st
1.E=10 J.E=10 J.E-10 BS/St/st
1.E-09 2.E-09 . 2.E-09 BsS/st/st
2.E-13 7.E=13 2.E-12 BS/BS/St
4.E-09 2.E-08 2.E=08 BS/8s/st
- 7.E-08 8.E~-08 /st/st

B-19
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. Radionuclide

Th-228
Th-229
Th=-230
Th=-231

“Th-232

Th=234

Pa-227
Pa~-228
Pa-230
Pa=-231
Pa-232
Pa-233
Pa~234

- U=230
U-231
- U=232
U-233
U=-234
U-235
U-236
u-237
u-238

Her 239
© U-240

Np=-232
Np=233
Np=2234
Np=23S
Np=-236
Np=-236
Np=237
Np=-238
Np=239
Np=-240

Pu-234
Pu-233
Pu=236
Pu=237
Pu-238

Pu-239

(1.£405 yr)
(22 h)

Inhaled Afr = Lung Retention Class

.

B-20

-..0- . W Y
(puCl/mb) (1C1 /ui ) (pCY ful.)

- 4.£-12 7.E-12

- 4.E-13 1.E~12

- J.E~-12 7.E-12
.- - 3.£-08 -3.E-08

- 3.E-13 1.E-12

- 9.E-08 6.£-08

- S.E-08 4.E-08

- 5.E-09 5.E-09

- 2.E-09 1.E-09

- 7.E-13 2.E-12

- 9.£-09 2.E~08

- 3.E-07 2.E-07

- 3.E-06 3.E-06
2.E-10 "1.E=10 1.E-10 _
3.E-06 2.E-06 2.E-00 °
9.E~11 2.E-10 -, 3.E=12
5.5-10 30“10 ZOE'll .
5.E-10 3.E-10 2.E-11 -
6.E-10 3.E-10 2.E~11
6.E-10 3.E-10 2.E~11
1.E-06 7.E=07 6.E-Q7
6.E-10 J.E-10 2.E-11
BE~0F oo T E~DS -6.E-0S
2.E-Q06- - =~ 1.E-06 1.E-06

- 10:‘062_’ ) -

- 1.5-031’ -

- 1.£-063/ -

- $.E-073/ -

- 1.E-113/ -

- 20E.°°i, -

- 2.E-123/ -

- 4.£-063/ -

- 1.E-063/ -

- 3.E-053/ -

- 9.£-088/ 8.£-083/

- 1.E-033/ 1.£-033/

- 7.6-123/ 1.E-113/

- 1.E-063/ 1.E-063/

- 3.E-123/ 7.E-123/

- 2.E=123/ _____ 6.E-123/
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360

Stochastic
or Organ}l/
D/ VW /Y

/8S/St
/BS/BS
- /BS/BS

- /5t7st

/88/8S
/St/St

/St/st
/BS/St
/St/St
/BS/8BS
/BS/8BS
/St/st
/St/st

BS/St/St
St/st/st
BS/St/St
BS/St/St
B8S/St/st
BS/St/St
BS/St/St
. St/St/st
BS/St/st
st/st/st
St/St/St

/8S/
/St/
/St/
/8S/
78S/
/8S/
/8S/
/8S/
/st/
/st/

/St/st
/St/st
/BS/St
/St/st
/BS/BS

o ./BS/BS—
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: 360 -
Inhalad Mr - Lung Retention ctu Stochastie
or Organl/
Radionuc!{de ( ,.D_i-_). .(P_&). -(L‘_&l O/ w/Y)
Pu-240 - 2.E-123/ 8.E-123/ /BS/BS
Pu-241 - l.E-loi’ 30!"10” /BS/BS
Pu-242 - 2.E-123/ §.E~123/ . /8S/BS
Pu-243 - 1.E-053/ 1.E-053/ /5t/st -
Pu-244 - 2.£-323/ - - 8,E=1237 - - /BS/BS
Pu-245 -~ - 2.£-063/ 2.E-063/ /5t/st
Am-237 - 1.E-043/ - /St/
Am-238 - 1.6-063/ - /BS/
An-239 - S.E-083/ - /st/
Aw-240 - 1.E-0657 - /5t/
Am=241 - 2.E-123/ - /8S/
An-242m - 2.E-123/ - /BS/
Am=242 - J.E-083/ - /8S/
Am-243 - 2.E-123/ - /8S/
An-244m - 2.E-063/ - /BS/
An~244 - 7.E-Q83/ - /8s/
Am=24$ - 3.E-083/ - /St/
An-246a - 7.E-088/ - /st/
Am-248 - 4.E-033/ - C /sty
“w-238 - 4.E-073/ - /5t/
-3=240 - 2.E-103/ - /8S/
Cw-241 - 9.E-093/ - /8S/
Cm-242 - 1.E-103/ - /BS/
Cu=-243 - 3.E-123/ - /BS/ .
Cm-244 - 4.E-128/ - /88/
Cu-245 - " 2.E-123/ - /88/
Ca-245 - 2.6-123/ - /88/

- Cum=247 - 2.€-123/ - /8s/
Cm-248 - 6.£-133/ - /BS/
Cm-249 - 6.£-083/ - 78S/
Bk-24S - $.E-07 - /st/
Bk-246 - 1.E-08 - /St/
Bk=247 - 2.E-12 - /8S/
Bk=249 - 9.E-10 - /8S/
Bk-250 - 2.E-07 - /8S/
Cr-244 - 2.E-073/ 2.£-078/ /5t/st
Cr-2468 - 4.E-093/ 4.€-093/ /5t/St
Cf-248 - 4.E-113/ S.E=-113/ " /BS/St
Cr-249 - 2.E-123/ 6.E~123/ /BS/8BS
Cf-250 - S.E-123/ 1. E-llsl /BS/st .

146



EMPC-2084 Rev. 1

360
DOE 5480.11
Inhalod Alr - Lunq Ratont1on class Stochastic
o or Organ}l/
Radionucl {de ‘ .(.E_.E-J. Ml .(E.AE-_). D/ W/ Y)
cr-251 _ - 2.8-12%/ . 8.E-123¢  ,Bs/mS
cr-252 - 1.E-113/ 2.E-113/ o oms/st
cr-253 : e 8.E=103/ - - -7,E=103/ " /st/st
) L _Cfe284 - T TG - 9.E<123/ 7.E-123/ /St/st
Es-250 - 3.£-07 - /sy
Es-251 - 4.E-07 - /BS/
Es-253 - 6.E~10 - /st/
Es-254n - 4.E-09 - /St/
Es-254 - 4.E-11 - /BS/
Fu~252 - 6.6-09 - /st/
Fa-253 - 4.E-09 - /St/
Fre-254 - 4.£-08 - /St)
Fu=255 - 9.E-09 - /St/
Fu~257 - 1.E-10 - JE /
nd-257 ' - . 4.€-08 - /St/
nd-258 : -  1,E-10 - /BS/
@ T A deternination of uhether the DACs are controlled by stochastic (st) or

‘nonstochastic (organ) dose, or 1f they both give the sawe result (E) for
each lung retention class 1s given in this coluwn. The key to the organ
notation for nanstochastic dose is: B8S = Bone surface, X = Kidney, L =
Liver, SW = Stomach wall, and T s Thyrotd. A blank {ndicates that no
calculations are performed for the lung retention class shcun.

2/ The ICRP {dentifies tritifated water and carbon as having {mmedfate up-
take and distribution; therefore no solubility classes are designated.
For purposes of this table, the DAC values are shown as being constant,
independent of solubflity class. For tritiated vater, the inhalation
DAC values allow for an additional 50% absorption through the skin, as
described in ICRP Publication No. 30: Limits for Intakes of
Radionuclides by Workers. For elemental tritium, the DAC values are
based solely on consideration of the dose-equivalent rate to the tissues
of the lung from inhaled tritfum gas contained within the lung, without
absorption in the bissues.

Y/ A dash ind{cates no values given for this data category.

e
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These .values are appropriate for protaction from radon coubined with its
short-1ived daughters and are based on information given in ICRP Publ{=
cation 32: Liwits for Inhalation of Radon Daughtars by Workers and

" Federal Guidance Report No. 11: Limiting Values of Radionuclide Intake
and A{r Concentrations, and Dose Conversion FPactors for Inhalation, Sub-
. wersion, and Ingestion (EPA 320/1-88-020). The values given are for
1003 equilibrium concentration conditions of the radon daughtars with- — -
. the parsnt.  To allow for -an actual measured equilibrius concentration
“or a demonstrated equilibrium concentration, the values given in this
table should be multiplied by the ratio (100%/actual %) or :
(100%/demonstrated %), respectively. Alternatively, the DAC values for
Rn-220 and Rn=-222 may be replaced by § WL* and 1/3 W.,* respectively,

* for appropriate 1imiting of daughter concentrations. Because of the
dosimetric considerations for radon, nao f; or lung clc.r;ncc values are

1{sted.

8 A "Norking Level® (WL) {s any combination of short-lived radon
daughters, in one liter of air without regard to the degree of equi-
1fbrium, that will result in the ult1nlto emission of 1.3 £40S Nev of

a\pha snergy.

For the calculations, f; valuas vere obtained from ICRP Publication 48:
The Metabolism of Plutonium and Related Elements. It {s assumed that

the effective dose squivalents for {nhalation are unchanged sven though
the f1 values have changed. This {s.because the contribution to organ
dose from inhalation {is depandent mainly on transfer from Jung to blood
when f; values are small., Also, the gastrointestinal tract dose would
be unchanged because the fraction -of activity passing through the tract

1s (1.0 = ).
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APPENDIX C

CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

(From NUREG 8.29, Instruction Concerning Risks From Occupational
Radiation Exposure, July 1981._ U.S. Nuclear Regulatory Commission.)
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APPENDIX C

CONCERNING RISKS FROM OCCUPATIONAL RADIATION EXPOSURE

This 1astructiona) materts) s intended to provide
the dest avatlanle 1nformation coacerning what i3 currently
known about the Neslth risks from esposure to tonizing
radtation. A question and answer format has Deen used.
The questions were developed by the NRC staff 1a
consultation with worzers, wunion representatives, and
licensee representatives eageriences in raglation
protection training. Risk estimates have Deen compiled
from numperous scurces generally recogntzed as relfadle.
A didliography 1s 1n¢luded for the user tnterested ia
further study. :

1 Whet is meant by risk?

Risk ¢an be defined in general as the probability (chancs)

of injury, illness, or death rssulting from some aclivity.
liowever, the percsption of risk is affected by how the
individual visws its probability and its ssverity. The iatent
of this document is to provide estimates of and explaia the
baus for possible risk of injury, illness, or death resulting
from occupational radiation sxposurs. (Sse Questions 9 and
10 for estimates of radiation risk and compansons with
other types of risk.)

2 iVhat are the pessibie health effeets of exposure te ‘
rdisnon? , '

Same of ths health sffects that sxposurs to radistioa
may causs are caacsr (iacluding leukemia), birth defects in
the future children of expossd parents, aad cstarsets.’

" Thess sflects (with the excsplion of genede effects) have
besn obssrved in studiss of medical radiclogists, uraaium
miners, radium worksrs, sad rndiotherapy patisats who
have recsived largs doess of radiation. Studies of peopls
czpossd (0 radiation from 3slomic wespoas have also
providsd daits oa radistioa sffects. Ia additioa, radistion
sffects studies with lLdorstary animals have providsd a
largs body of data oq radistion-induced hsalth e(fscts,

including gsastic sflects,

The cbservations and studiss menationsd above, however,

involve leveis of nadiatioa sxposurs that are much higher

Ths biclogical effscts that ars known to occur sfter
exposure (o high doses (hundreds of rems?) of radisnon we
discussed sarly in ths document; discussions of ths esu-
mated risks from the low occupational doss (<S tems per
ysar) follow. [t is intended that this informagon will heip
develop an attituds of healthy respect (or ths risks assor

_ciated with ndistion, rather than unnscsssary fear or lack

of concsrn. Additiona) guidancs is deing or will be deval-
oped coacsrning othar topics ia radiation protection

aini

assums that some health effscts do occur at the lower expo-
e levels

2 Whet is meant by prompt effocts, delayed effscis, and
- genesie effoets? .

& Prompt effects are obssrvable shortly after receiving
8 very largs doss in s short period of time. For sxampls, 2
whole-body® doss of 450 rems (90 times the snnual doss
limit (or routins occupational sxposurs) in an hour 1o sa
averags adult will causs vomiting aad diarrhes within & few
hours; loss of hair, fever, sad weight loss withia » few
wesks; and about & 50 perceat chancs of death withia
60 days without medical Lrestment.

b. Delsyed sffects mich 33 cancer may occur years
after sxposure 1o radistion.

. & Genstis offects can occur whes there is radistion
damage to the genstis matarial. Thass ¢ffects may show up
as birth defects o¢ othsr conditions in the future children of
the expossd individual and msccesding gsasrations, as
demoastrated ia aaimal experimeats. However, sicess
genetic sffects clearly caussd by radistion have sot deen
obsrved in human populations sxpossd to radistion. 1t has
besa obssrved, however, that redistion can changs the
ssnes in csils of the human body. Thus, the possibllity
exists that genetic sffects can be csusd ia humasas by low
doass sven though a0 dlrect evideacs sxists as yst.

4. In worker presection, which sffaass sre of most concern
10 the NRC?

“"Thas main concern to the NRCls the delayed incidence

(hundreds of rems) than thoss permitted occupationally
10day-(-<S-rems-per year).-Although studies have notshown s

causs-sfifect relationship detwesn health effects and cur.ent
levels of occupational radiation sxposure, it is prudent 1o

'luuu. ragistian consisis of energy or smsil panicies such o
SAMMa, Betd, 6F siphs radiniian emiited frem radisesiive malonals
wiish, whes 200r08¢ By LUMAg LMswe, Ca0 Couss ¢hemicsl and
PAvLcA demags.

c-1

of cances. The chaacs of delayed cancer is belisved to depead

3

tarssts ¢iffer from other rdission offests 8 that o servsin
lcvdco‘l dane lo“clo‘hu of the eye (=300 reme) ls requized dalore
hey oo obearved. _ -

‘.- L
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.on how much radiation exposure 2 penoh gets: therefore,

every reasonable effort should be made to keep exposures
low.

Immediate or prompt effects are very uniikely since
large exposures would normally occur only if thers were a
senous radiation accident. Accident rates in the radiation
wndustry have been low, and only a few accidents have
resulted in exposures exceeding the legal limits. The probabil-
ity af serious geneuc effects m the future children of

~ workers 13 estumated io the BEIR? report, based on animal -

studies, at léss than one-third that of delsyed cancer (565
geaetic effects per million rems compared to 160-450
cancer casss). A clsarer understanding of the causs-effsct
relationship between radistion and human genetic effects
will not be possibls uatl additional ressarch studies are
compietsd.

LA Whee is the differance berween scute and cAronic
exposure?

Acute radiation exposurs, which causes prompt effects
and may siso causs dalsyed effects, usually refers to a large
doss of radiation received in a short period of time; for
example, 450 rems recsived withis a few hours of less. The
effects of acuts exposures are well known from studies of
radiotherapy patients, some of whom recsived whole-body
doss; atomic bomb victims; and the few accidents that
have occurred in the early days of stomic wsapons and
reactor development, industrial radiography, and nuciesr
fuel procssting. There have besn few occupational incidents
that have resulted in largs exposurss NRC dats indicate
that, on the averags, 1 sccidental overexposure in which
any acute symptoms are obsrved occurs esch year. Most
of thess occur in industrial adiography and iavolve exposures
of the hands rather than the whole body.

Chronic exposurs, which may causs dslayed effects but
not prompt sffects, refers to amall dosss recaived repestedly
over long time periods; for sxampie, 20-100 mrem (2
mrem is one-thoumndth of s rem) per wesk every week foe
ssveral years Concem with occupational radistion risk is
primarily focussd om chronic expomue to low levels of
radiation over loag time periods. .

6. How does redistien cause canger?

How radiation csusss cancer is not well understood.
It is impossibie to tsll whethsr s given cancer was caused by
radistion or by soms othsr of the many spparent causss.
However, most dissssss are csused by the interaction of
several factors. General physical condition, inheritsd traits,
ags. ex, and exposure (0 other cancer<causing agents such
as cigaretts smoks are 8 few possible contnibuting factors.

’m N.uoad Academy of Scleaces -uuu« § committes oA
the Biological Effests of loaisiag Redistion (BEIR) whose 1980
repart oa the effesss on tioas of nm to law tevels of
-.:n:umn unolmuel'ouaa!umu

c-2
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One theory is that radistion can damage chromosomes in 1
cell, and the cell is then directed along adbnormal growth
patterns. Another is that radiation reduces the body's
normal resustance to existing vuruses which can then multiply
and damage cells. A third is thar radiation activates an
existing vuus in the bdody which then attacks normal
cells causing them to grow rapidly.

What is known is that. in groups of highly exposed
peopls, s higher than normal in'ciden_ce of cances 1s observed.
Higher than normal 7ates of cancer can also be produced 1
laborstory animals by high levels of radiation. An increased
incidencs of cancer has not been demonstrated at radiation
levels below the NRC limits.

7. Iy [ receive @ redistion doss, does that mesn [ am
cerssin to get cancer?

Not at all. Everyone gets 2 radistion dogs every day (see
Question 25), but most people do not get cancer. Even with
doses of radistion far above legal limits, most individuals
will experiencs no delaysd conssquences. There is evidence
that some nidiation damags can be repaired. The danger
from radistion is much like the danger from cigaretts smoke.
Only a fraction of the peopls who breathe cigarette smoke
get lung cancer, but there is good svidencs that smoking
increases a persoan’s chances of getting lung cancar. Similasly,
thers is evidencs that the larger the radistion dose, the
increass in a person’s chances of getting cancer.

Radistion is liks most substances that cause cancer in
that the effects can be ssen cleariy only at high doses
Estimates of the risks of cancsr at low levels of exposure
are derived (rom data available for exposures at high dose
levels and high doss rates. Generally, for radiacion protection
purposss thess estimates are made using the linear model
{Curve | in Figure 1). We have data on health effects at hugh
dosss as shown by the solid lins in Figure 1. Balow about
100 rems, studies have not been able to sccurately measure
the risk, primarily becsuss of the small numbers of sxposed
people and becauss the effect is small compared to dilferences
in the normal incidencs from year to ysar and place to placs.
Most scientists belisve that there is soms degres of risk no
matter how small the doss (Curves | and 2). Soms scientists
belisve that the risk drops off to zero at some low dose
(Curve 3), the threshold sffect. A few belisve that risk levels

. off 50 that even very small dosss imply a significant risk

(Curve 4). The majority of scientists today endorss either

the linessr model (Curve 1) or the linsarquadratic modsl

(Cusve 2). The NRC endorms the linear model (Curve 1),
which shows the number of effects decreasing as the dose
dscreasss, {or radiation protsction purpoess.

It is prudent to sssume that smaller dosss have some
chance of causing cancer. This is as true for natural cancer-
caussrs mch as sunlight and natural radistion as it 13 for

——thoss that are man made such a8 cigaretts smoke, Smog, and

man-made radiation. As even very small doses may entad
some small risk, it follows that no doss should be taken
without a reason. Thus, a principis of radiation protection
is to do mors than merely mest the allowed regulatory
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DOSE (REMS)

Figure 1. Sanowcoadmoddﬂorhowducﬂmofndhuon
vary with doses at iow levels.

limits; dosss should be kept as low as is reasonably achisvable

(ALARA).

We don't know exactly what the chances ars of gstting
cancer from a low-level radistion does, but we can make

esimates bassd on extsasive scisatific knowledgs. The -

esumates of radistion risks are st lesst as reliable as estimates
for the effects from any chemical hasard. Being exposed
to typical occupational radiation doess is taking a chancs,
but that chancs is reasonably well understood.

It is important to understand the probability factors
here. A similar question would be: If you ssiect one card
from a full deck, will you gst the acs of spades? This
question cannot be answered with g simple yes or no. The
best answer is that your chances are | in $2. Howevey, if

1000 peopie each-selsct-one-card-from: full decks; we can

predict that about 20 of them will get an ace of spades
Each person will have | chancs in 52 of drawing the scs of
spades, but there is no way that we can predict which persons
will get the right card. The issue is further complicated by the
fact that in | drawing by 1000 people, we might get only
1S successss and in another perhaps 25 corrsct cards in

c-3

1000 draws. We can say that if you recsive a radistion dose,
you will have increassd your chances of sventually developing
cancer. It is assumed that the more radistion exposure you
§8t, the more you increass your chances of cancss.

Not all workersincur the same level of risk, The radia- ~

tion risk incurred by s worksr depends on the amount of
doss received. Under the linear model explained abdove, 3
worksr who receives $ rems in & year incurs 10 times as
much risk as another worksr (the same age) who recsives
only 0.5 rem. The risk depsads not only on the amount of

‘doss, but also on the ags of the worksr at the time the doss is

recsived. This age differencs is due, in past, to ths fact that
3 young worksr has moge time (0 live than an older worker,
and the risk is believed to depend on the number of years

——of life followiiig the doss. The more years lsft, the larger

the risk. It should be clear that, even within the regulatory
dose limits, the risk may vary s grest deal from one worker
to another. Forrunately, only s very few workers receive
dosss near § rems per yeas; as pointed out in the answer to
Question 19, the averags annual doss for all radiation
workers is less than 0.5 rem. l 5 2

’



A reasanable comparnison involvesexposure 10 the sun's
rays. Frequent short exposures provide time for the skin to
repaur. An acute exposure to the sun can result in paunful
burming, and excessive exposure has been shown to cause
skin cancer. However, whether exposure 1o the sun's rays is
short term or spread over time. some of the injury is not
repaired and may eventually result in skin cancer.

The effect upon a group ‘of workers occupationally
exposed to radiauon may be an-increassd wncidencs of

" cancer over and above the number of cancers that would

normally be expected in that group. Each exposed individual
has an increased probability of incurring subsequent cancer.
We can say that if 10,000 workers each receive an additional
| rem n a year, that group is more likely to have 3 larger
incidence of cancer than 10,000 peopls who do not recsive
the additional radistion. An estimate of the incresssd
probability of cancer from low radiation doses deliversd to
large groups is one messurs of occupatonal risk and is
discussed in Question 9.

8. Wher groups of expert sciemtists heve studied the risk
from expogure to "',“"”'"

In 1956, the National Academy of Sciences established
advisory committess to considar radiation risks. The {irst of
these was the Advisaory Committes on the Biological Effects
of Atomic Radistions (BEAR) and more recsndy it was
renamed the Advisory Committes on the Biological Effects
of lonizing Radiation (BEIR). Thess committess hsve
periodically reviewed the extensive ressarch being done on
the health effects of ionizing radistion and have published
estimates of the risk of cancsr from exposure to radistion
(1972 and 1980 BEIR reports). The intamacional Commission
on Radiological Protection (ICRP) snd the National Council
on Radiation Protection and Measurement (NCRP) are two
other groups of scisntists who have studied radiation effects
and published risk sstimates (ICRP Publication 26, 1977).
Thess t(wo groups have no governmsenat affiliation. In
addition, the United Nations estadlished an independent
study group that published an extensive report in 1977,
including estimates of cancer risk from ionizing radiation
(UNSCEAR, 1977). :

Several individual ressarch groups or scisntists such as
Alice Stewart, E.S. Gilbert, T.F. Mancuso, T.W. Anderson,
to name 3 few, have published studies concaming low-level
radiation effects. The bibliography to this appendix includes
several articles for the resder who wishes to do further
study. The BEIR-80 repott includes analysis of the work of
many indspendent ressarchers.

9.  Whaet are the ssrimates of the risk ofmcrﬁwn redie-
fion exposure? ’

. —_The_cancer risk estimates (dsveloped by thé organiza-

tions identified in Question 8) are pressnted in Tabls I.

- In an effort 1o explain the significance of thess estimatas,
we will use an approximate aversge of 300 excess cancer
cases per mulion people, each expossd 1o | rem of ioniting
radistion. [l in 3 group of 10,000 workers each receves

- C-4
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TABLE |

Estimates of Excess C:ncer Incidence {ram Exposure
to Low-Level Radiation

Number of Additional® Cancers Estimated

Source to Oceur in | Million Peopie After )
Exposure of Each to | Rem of Radiation

BEIR, 1980 160-450°

ICRP, 1977 200 »

UNSCEAR, 1977 150-350

S Additional means sbove the narmal incidence of cancer.

[

. ARl thres groups estimated mature deaths from radistion-

induced cancors. The Americas &':m Society hag recenyy :ul?:c

thet only sbout ome-half of all cancer cases are fatal. Thus. (o

m me;ol:nw. the nunmg Aumbers were muitiplied
o @ tRA1eS EPrOUPS AFe 11 CiCes ment on th

J redistion<nduced cancer. e ¢ rax

1 rem, we could sstimate that three would develop cancer
becauss of that exposurs, although the actual number could
be more or less than thres. } '

The American Cancer Society has reported that approx:-
mately 25 percent of all adults in the 20- to 6S-year age
bracket will develop cancer at some time from ail possible
causes such as smoking, {00d, alcohol, drugs, air pollutant:,
and natural background radiation. Thus in any group of
10,000 workers not expossd to radiation on the job, we can
expect about 2,500 to develop cancer. If this enure group
of 10,000 workers were to recsive an occupational radiation
doss of | rem esch, we could estimate that three additional
casss might occur which would give s total of abouc 2,503.
This means that a [-rem does to sach of 10,000 workers
might increass the cancer rate {rom 2 percent to 25.03

percent, an incress of sbout 3 hundredths of one percent.

As an individual, if your cumulative occupational radia-

tion doss is | rem, your chances of sventually developing
cancer during your entire lifetime may have increased from
25 percent to 25.03 percent. If your lifetime occupational
doss is 10 rems, we could estimate 2 25.3 percent chance of
developing cancer. Using a simple linear modsl, s lifetime
doss of 100 rems may have increassd your chances of
cancer from 2S5 to 28 percent.

The normal chancs of developing cancer if you receive
no occupational radistion doss is about equal ta your chance
of getting any spade on a tingls draw from a full deck of

_playing cards, which is_ons.chancs-out of-four.-The add:

tional chancs of developing cancer from an occupational
exposure of | rem is less than your chances of drawng an
sce from a full deck of cards three times in a row.

Since cancer resulting from exposure to radiation usually

occurs § to 28 years alter the exposure and sunce not all -

cancers are fatal, another ussful measure of risk is years of



{
Lfe expectancy lost on the average from a radiation-induced
cancer. It has been esumated in saveral studies thac the
average loss of Lfe expectancy from exposure to radiation 1s
about | day per rem of exposure. In other words, a person
exposed to | rem of radiation may, on the average, lose
| day of life. The words “‘on the average' are important,
however, because the person who getscancer from radiation
may lose several years of Life expectancy while his coworkers
suffer no loss. The ICRP estimated that the average number
of years of life lost from fatal industrial accidents is 30
whue the average number of years of life lost from a fatal
radiation-induced cancer is 10. The shorter loss of life
expectancy is due to the delayed onset of cancer.

It is important to realize that these risk numbers are
only estimates. Many difficuities are involved in designing
research studies that can accurately measure the small
WNCreases n cancer cases due to low exposures to radiation
as compared to the normal rate of cancer. Thers is still
uncertainty and a great deal of controversy with regard to
cstimates of radiation risk. The numbers used here rssuit
from studies invoiving high doses and high doss rates, and
they may not apply to dosss at the lower occupational
levels of exposure. The NRC and other agenciss both in the
United States and abroad are continung extensive long-rangs
research programs on radiation nsk.

Some members of the National Academy of Sciencss
BEIR Advisory Committee and others fesl that risk sstimates
in Table | are higher than would actually occur and repressnt
an upper limit on the risk. Other scientists belisve that
the estimates are low and that the risk could be higher.
However, these estimates are considered by the NRC staff
to be the best available that the worker can use to make an
informed decision conceming accsptance of the risks asso-
ciated with exposure to radiation. A worker who decides to
accept thus risk should make every effort to kesp exposurs
to radiation ALARA to avoid unnecessary risk. The worker,
after all, has the first line mponnbduy {or protecting himssif

from radiation hazards.

10. How cen we compere redistion MdenMo[
health risks?

Perhaps the most ussful unit for comparison among
heaith risks is the averags number of days of life expectancy
lost per unit of exposure to each particular health risk.
Estimates are calculated by looking st s largs number of per-
sons, recording the age when death occurs from apparent
causss, and estimating the number of days of life lost as o
result of thess early deaths. The total number of days of
life lost is then averagsd over the total group obssrved.

Several studies have compared the projected loss of life
expectancy resuiting from exposurs to radistion with other
heaith risks. Some repressntative numbers are pnanud in

C Table. e -

Thess estimates indicats that the heaith risks from occu-

pational radiation exposure are smailer than the nsks asso-
ciated with many other events or activities we encounter and
accept in normal day-to-day activities.
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TABLE 2

Estimated Loss of Life Expectancy from Health Risks?

Estimates of Days of
Life Expectancy Lost.
Health Risk Average
Smoking 20 cigarettes/day 2370 (6.5 years)

Overweight (by 20%) -~~~ ~

Al accidents combined 435 (1.2 years)
Auto accidents 200
Alcohol consumption (U.S. average) 130
Home accidents 9s
Drowning 41
Natural background radiation, 8
caiculated .
Medical diagnostic x-rays (U.S. [
averags), calculated
All catastrophes (earthquaks, etc.) 3.
| rem occupational radiation doss, 1
calculated (industry averags for
the higher-doss job categoriss is
0.65 rem/yr)
1 rem/yr for 30 years, calculated 30

"Mseu‘ from Cobes and Les, “A Catalogue of Risks,” Heaitn
Prysics, Vol. 36, June 1979,

T98S (L7 yearsy

A second ussful comparison is to look at estimates of
the averags number of days of life expectancy lost from
exposure ta radiation and (rom common industrial accidents
st radistion-related facilities and to compare this number
with days lost from other occupational accidents. Table 3
shows averages days of life expectancy lost as a result of
fatal work-related sccidents. Note that the data for occupa-
tions other than radiation related do not includs death nsks
from other poasible hazards such ss exposure (o toxic chem-
icals, dusts, or unusual tsmperatures. Note also that the
ualikely occupstional exposure at S rems per year for 50
years, the maximum allowabdie risk level, may resuit in a
risk comparsbie to the aversge risks in mining and heavy
construction.

industrial accident rates in the nuclear industry and
related occupstional aress have besn relatively low during
the entire history of the industry (sss Table 4). This is
belisved to be due to the early and continuing emphasis on
tight safety controls. The relative safety of various occupa-
ticnal aress can be seen by comparing the probdability of
death by accident per 10.000 workers over 2 40-yew
working lifetime. Thess figures do not include death
from poesible causss such as exposure to toxic chemicals or
radistion.

1. Ca e vortn become srevile onmnmuhom occupar
fional redisrion exposure?!

Obssrvation of radiation therapy patients who recewve
localized exposures, usually spread over a few weeks, has
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TABLE ]

Esumated Loss of Life Expectancy from industrial Hazards®

Industry Type

Al wndustry

Manufactunng
~ Service

Govermment

Transportation and utilities

Agriculture

Construction

Minung and quarrying

Radiathon accidents, desth from
exposure

Radiation dosa of 0.65 rem/yr
(industry average) for 3Q years,
calculated

Radiation doss of $ rems/yr for
50 years ' ]

Industnal accidents at nuclear
facilitiss (nonradiation)

Implicanions of Nuciser Pouer P

2adapted from Cohea and Las, “A Catal
Pryscs, Vol. 36. June 1979: snd Wortd MHealth

Estimates of Days of
Life Expectancy Lost,’

Average

CTrade - - - e i m e

250
58

of Risk.” Health
ization, Mealth

fion, December 1978.

TABLE 4

Probability of Accidental Death by Type of Occupation®

Occupstioa

Mining

Construction

Agriculture

Transportation and public
utilities

All industries

Government

Nuclear industry (1975 data
excluding construction)

Manufacturing

Services

o o Wholesals-and trade

and Atomue Energy Commusnon,

.

Number of Accidental
Deaths for 10,000
Woekers for 40 Years

252
228
216
116

56
44
40

36
28

pL

Sadapted from Matioasl Sefety Councl. Accident Feco, 1979;
peresonal Accidens and

Radie

nton Exposure Expenence, WASH-1 192, 1978,
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shown that a dose of $00-800 rems to the gonads :an
produce permanent sterdity wr males or females (an acute
whole-body dose of this magnitude would probabdly resuit
in death within 60 days). An acute dose of 20 rems to the
testes can result in a measurable but temporary reducuon wn
speerm count. Such high exposures on the job could result
only from serious and unlikely radistion accidents. Althougn
high doses of radiation can affect fertility, they have no
effect on the ability to function sexually. Likewse, exposure

___to permitted occupational levels of radiation-has no observed

effect on fertility and also has no effect on the abuity to
function sexually.

12. What are the NRC exrernel radisgrion dose limits?

" Federal regulations currently limit accupational external
whole-body radiation doss to 1% rems in any calendar

" quarter or specifisd 3-month penod. However, when there

is documentsd svidencs that a worker's previous occupa-
tional doss is low enough, 3 licensss may permit a dose of
up to 3 rems per quarter or 12 rems per year. The accumulated
doss may not exceed S(N- 18) rems® where N is the person’'s
age in yeass, is., the lifetime occupational dose may not
excesd an averags of 5 rems for sach year abave the age
of 18. .

An additional whole-body doss of approximately
S rems per year is permitted from intemal exposure. (See
Question 28.)

13. What is meant by ALARA?
In addition to providing an upper limit on 3 person’s

permistible radiation exposure, the NRC also requires that
its licensses maintain occupational exposures as {ar below

the limit as is reasonably achisvable (ALARA). This means

that every sctivity st a nuclsar facility involving exposure
to radiation should bs planned o0 as t0 minimize unnecessary
exposure to individual workers and also to the worker
population. A job that involves exposure to radistion
should be scheduled oaly when it is clear that the benefit
justifiss the risks asumed. All design, construction, and
opersting procsdures should bs reviswed with the objecave
of reducing unnecsMaAry $Xposures. '

14. Has the ALARA concepr been applied {f, insread of
resching dose limirs during the firse week of ¢ quarver,
the werker's dess & pread out over the whole quarrer?

No. For rudistion protsction purposss, the risk of
cancer from low dosss is assumed to be proportional to the
amount of exposure, not the rate at which it is received.
Thus it is assumed that spreading the doss out over time or
over largsr numbers of people does not reduce the overall
risk. The ALARA concspt has besn followed only when the

individual and_collective_dosss-are-reduced-by-reducing-the————

time of exposurs of decressing radistion levels in the

Sthe NRC 2m published & propossd rule change for public
comment that would elimisate the S(N-18) formuls. This proposal 1
cusreatly uader considerstion by ¢ task force reviewang all of 10 CFR
Part 10. Racons EPA guidance recommends sliminaung the 3(N-18)
formuis. If adopted, the MasiMum sliowed sanual 3o wul be § rems

rashes tham 12, 155
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-wundividual and collective doses are reduced by reducing the
ume of exposure or decreasing radiation levels un the
worxmg eavgonment.

15. Whar is meant by collective dose and why should it
bde mainsained ALARA?

Nuclear \ndustry activities ex poie an increasing number
of peopie to occupational radiation in addition to the radia-
tuon doses they receive from natural background radiation

... and_medical radiation exposures. The collective.occupational-

dose (person-rems) is the sum of all occupauonal radistion
exposure received by all the workers in an entire worker
population. For exampls, if 100 workers each recsive 2 rems,
the individual doss is 2 rems and the collective dose is 200
person-rems. The total additional risk of cancer and genetic
effects in an exposed population is assumed to depend on
the collective dose.’

It should be noted that, from the viewpoint of risk to
a total populauon, it is the collective doss that must be con-
trolled. For a given collective doss, the number of health
effects is assumed to be the same even if a larger number of
people share the doss. Thersfore, spreading the doss out
may reduce the individual risk. but not that of the population.

Efforts should be mads to maintain the collective doss
ALARA 30 as not to unnecessarily increass ths overall populs-
tion incidencs of cancer and genetic effects.

16. Is the use of extra workers a good wey 10 reduce risks?

. Thers is a *‘yes" answer to this question and & “no”
answer. For a given job involving exposurs to radistion,
the more people who share the work, the lower the averags
doss to an individual. The lower the does, the lower the
nsk. So, for you as an individusl, the answer is “‘yes"

But how about the risk to the eatire group of workers?
Under assumptions used dy the NRC for purposss of protec-
tion, the risk of cancer depends om the total amouat of
radistion ensrgy absorbed by humaa tissue, not on the
number of people to whom this tissue belongs. Therefors, if
30 worksrs are used to do a job instead of 10, and if both
Zoups gst the mme collective doss (persoa-rems), the total
cancer risk is the mme, and nothing was gainsd for the
goup by using 30 workers. From this viewpoint the answer
is “no.” The risk was not reduced but simply spread
around among a larger aumber of persons

Unfortunately, spreading the risk around often resuits
in a larger collective doss (or the job. Workers are exposed
as they spproach o job, while they are gatting orisnted to
do the job, and as they withdraw from the job. The dose
received during thess actions is called nonproductive. If
several craw changss are required, the nonptoductive doss

_ _can _become very largs. Thus_ it_can be_ssen that_the use of

extra workers may actually increass the total occupational
dose and the resulting collective naks.

The use of extrs workers to comply with NRC dose
limits is not the way to reduce the risk of radistion-induced
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cancer for the worker population. At best. the rotal =:sx
remawns the same, and it may even be wncreasad. The oruy
way to reduce the risk 1s to reduce the collectve dose: that
can be done only by reducing the raduation levels. the
working times, or both.

17. WAy doesn't the NRC impose collective dose limits?

Compliance with individual dose limits can de achieved
simply by using extra workers. However, compliance with a

- collective doss Limit (such as 100 person-rems per year fora -

licenses) would requure reduction of radiation levels.
working times, or both. But there are many problems
aspocated with setting appropriate collective dose Limits.

For example, we might consider applying a single
collsctive dose limit to all licensses. The selection of such a
collective doss Limit would be lmost impossible because of
the wide vanations in collsctive dosss among licensees.
A powsr reactor could reasonably be expected to have an
dversgs annual collective doss of ssveral hundred person-
rems. However, s small industrial radiography licensee
could very well have a collective dose of only a few person-
rems in & year.

Even chooting s collective doss limit for & group of
similar licensses would be almost as difficuit. Radiography
licensees as 3 group had an averags collective dose tn 1577
of 9 person-rems. However, the smallest collective dose or
s radiography licenses was less than | person-rem, and the
largest was 401 person-rems.

Setting a reasonable collective doss limit for each indi-
vidual licensss would also de very difficuit. It would
require a record of all past collsctive dosss on which (o base
such limits. Setting an annual collective dose limit would
then amount to an artempt to predict a reasonable collecuve
does for sach future year. In order to do this, it would be
necessary to be adie to predict changes in each licensed
activity that would increass or decreass the collective dose.
in sddition, snnual collective dosss vary significantly. from
year to year according to the kind and amount of mainte-
nancs required, which canpnot generally be predicted in
advancs. Following all such changss and revising limits up
and down would be very difficult if not impossible. However,
thess efforts would be necesmsary if s collective dose Limut
were to bs reasonable and help minimizs dosss and nsks.

18 How are rediation dose lmits essablished?

The NRC establishes occupational radistion dose
limits bassd on guidance to Fedsral agenciss [rom the
Eavironmental Protaction Ageacy (EPA) and, in addition,
considers NCRP and ICRP recommendations. Scientific
reviews of ressarch data on biological effects such as the
BEIR report are also considered. ’

For exampls, recent EPA guidance recommended
that the annual whole-body doss limit be established at §

‘rems per year snd indicated that exposure, year after year,

to § rems would involve s risk to a worker comparable ta
the averags risks incurred by workers in the higher nsk jods
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such as minung. In fact, few workers ever reach such a limit,

much less year after year, and the risks iassociated with
actual exposures are conudered by the EPA to be comparabls
to the safer job categones. A S-zm-per-yeas limit would
allow occasional high dose jobs to be done without excessive
nsx.

19. Whatare the typical rxdiation doses received by woriery?

The NRC requires that certain categories of licensses
report data on annual worker doses and doses for all workers

“whd leave employment with licensees. Data were recsived

on the occupational dosesin 1977 of approximatety 100,000
waorkers in power reactors, industrial radiography, fuel
processing and fabrication (acilities, and manufacturing
and distnbution facuities. Of this total group, 8 percant
received an annual doss of less than | rem; 9$ percant
received iess than 2 rems; {ewer than | percent excesded
S rems in | year. The average snnual doss of those workers
who were monitored and had measurable exposures was
about 0.65 rem. A study completed by the EPA, using
1975 exposure dats for 1.260.000 workers, indicated that
the average annual doss for all workers who recsived 3
measurabie dose was 0.34 rem.

Table § lists averags occupationsl ex posures for workers
(persons who had measursbie exposmirs sbove background
levels) in various occupations, bassd on the 197§ data.

TABLE §

U.S. Occupationsl Exposure Estimates®

Average Whole-
Occupational Body Doss Collective Does
Subgroup (millirerns) (person-rems)
Medicine 320 $1.400
Industrial Radiography 580 5,700
Source Manufacturing 630 2,500
Power Reactors - 760 21,400
Fuel Fabrication and 560 3,100
Reprocessing :
Uranium Enrichment 10 : 400
Nuclear Waste Disposal 920 100
Uranium Mills 380 760
Department of Energy 300 11,800
Facilities
Department of Defense 160 10,100
Facilities
Educational Institutions 206 1,500
Transportation 200 2,300

YAdspted from Cook and Nelsos, Oceupetionsl Expomums (o
lonising Radiation in the Unised Stams: A Compranensive Summery
for 1975, Draft, Eavicoamental Protection Agency.
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there is danger. Exceeding a limit does not imply that you~
have suffered an injury. A good companson 1s witn tne
highway speed limit, which is selected to limit accident risk
and still allow you to get somewhere. If you dnve at 7§
mph, you increase your risk of an auto accident to levels
that are not considered acceptable by the peaple who set
speed limits, even though you may not actually have an
accident. If 3 worker's radiation dose repeatedly exceeds 3
rems un 3 quarter, the risk of health effects could eventudly

increase to & level that is not considered acceptable to the

— ~NRC: -Exceeding-an-NRC protection limit does not mean
- that any adverse health effects are going to occur. It does

mean that a licensee's safety program has faled n some
respect and that the NRC and the licensee should investigate
to make sure the problems are corrected.

{f an overexposure occurs, the regulations prohibit any
additional occupational exposure to that person dunng the
remainder of the calendar quarter in which the overexposure
occurred. The licensee is required to file an overexposure
report to the NRC and may possibly be subject @0 a fine,
Jjust a8 you are subject to a traffic fine for exceeding the
speed limit. [n both cases, the fines and, in some senous or
repetitive cases, suspension of licenss are intended to
encourags efforts to operate within the limits. The safest
limits would bs O mph and O rem per quarter. But then we
wouldn't get snywhers.

21. WRhy do some feciliries esmbiish administranive limits
that are below the NRC limits?

Thers are two reasons First, the NRC regulations state
that licensess should keep exposures to radistion ALARA.
By rsquiring spacific approval for worker doses in excess of
st levels, more careful risk-benefit analysis can be made as
each additional increment of dose is approved for a worker.
Secondly, a facility administrative limit that is set lower
than the quarterly NRC limit provides a safety marpn
designed to help the licensse avoid overexposures.

22, Several scientiszs have sugpested thet NRC limits are
100 high end shouid be lowered. WAt are the eryumenis
for lowering the limitz?

In general, thoss critical of preseat dose limits say that
the individual risk is higher than is estimated by che BEIR
Committes, the ICRP, and UNSCEAR. Based on studies of
low-isvel exposures 10 largs groups, some ressarchers have
concluded that s given doss of radiation may be more likely
to causs bdiological effects than previously thought. Some of
thess studies are listed in the Dibliography (Mancuso.
Archsr) and the BEIR-80 report includesa section analyzing

the findings of thess and other studies. Scientific opuuon

differs on the validity of the ressarch methods used and the
methods of statisticsl analysis. The problem is that the

20 What happens if 8 worker exceeds the ;mcﬁy' expo-
ure limis?

Radiation protection limits. such as 3rems in 3 months,
are not absolute imits below which it is safe and above which

c-8

such as cancsr is difficult to detect in comparison with the
much larger normal incidence. [t cannot be sthown without
question that thess effects were mare frequent n the
expossd study group than in the unexposed group used for
comparison, or that the observed effects were caused
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" by radiauon. The BEIR committee concluded that ciaims

of Righer nsk had “‘no substance.”

The NRC staff contunually reviews the results of research
on redialion nsks. With respect to large-scale studies of
ragiation-induced health effects in human populations
exposed (0 low-level onizing radiation, the NRC and EPA
nave recently concluded that there s no one population
group avadadle for which such a study could be expected to

provide a more meaningful estimate of the low-level radia-

-tion- risk.—This is due, in large part, {0 the observed and

estimated low incidence of radiation health effects from
low doses. However, the results of ongoing studies, such as
that on nuclear shipyard workers, will be carefully reviswed
and the development of a radiation-worker registry is
being considered as a possible data base for future studies.

22.  What are the ressons for nos lonmin: the NRC dose
limitg?

Assuming that the S-rem-per-year hmu is adoptad,
there are three reasons:

a. Health risks are already low.

The estimated health risks sssociated with current
average occupational radiation dosss (¢.g., 0.5 rem/yr for
50 years) are comparsbie to or less than risk levels in other
occupational areas conmdersd to be among the safest. If a
person were exposed to the maximum of § rems per year
for SO years, which virtually never occurs, he or she might
incur a risk comparable to the averags risks in mining and
heavy construction. An ocsasional S-rem annual doss might

_be necessary to allow some jobs to be done without a

significant increass in the collective doss. If the doss limits
were lowered significantly, the number of people required
to complete many jobs would increass. The collective doss
would then increass sincs more individuals would be
receiving nonproductive exposurs whils entering and
leaving the work ares and preparing {or the job. The total
number of heaith effects might go up as the collective dose
wncreassd.

b. The current reguiations are considersd sound.

The regulatory standards {or doss limits are based
on the recommendations of the Federal Radiation Council.
At the ume thess standards were developed, about 1960, it
was considersd unlikely that exposure to thess levels during
a working lifetime would result in clinical evidencs of
injury or diseass different from that occurring in the
unexposed populstion. The scisntific data base for the
standards consisted primarily of human experience (x-ray
exposures to medical practitioners sad patients, ingsstion
of radium by watch dial painters, early effects obssrved in
lapsness atomic bomb survivors, radon exposurss of

uranium muners, occupational radiation sccidents) involving
very large doses delivered at high doss rates. The dacta base

" also included the results of a large number of animal

expenments involving high dosss and doss rates. The animal
expenments were particularly useful in the evaluation of
genetic effects. The observed effects wers related to low-
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level radiation according to the linear model explainec
Question 7. Based an this approach, the reguiations n 10 CFR
Part 20, “'Standards for Pratection Against Radiation.” also
state that licensees should maintain all radiation exposures.
and releases of radioacuve matenals i e(fluents. as low as s
reasonably achievable. More recent scientific reviews of the
large body of experimental data, such as the BEIR-80 and
the recent EPA guidance, continue to support the view that
use of a S-rem-per-year limit 1s acceptadle in practice.

Experience _has shown that, under this-limit; the-average ™ ~

doss to workers is near 0.5 rem/yr wath very few workers
conustently approaching the Limit.

c. Thers is little to gain.

Reducing the dose limits, (or example, 10 0.5 rem/yr
has been analyzad by the NRC staff. An estimated 2.6 miilion
person-rems could be saved from 1980 through the year
2000 by nuclear power plant licensees if compliance
with the new limit were achisved by lowering the radiation
levels, working times, or both, rather than by usung extra
workers. It is estimated that someching like $23 bdillion would
be spent toward this purposs. Spending $23 billion to save
1.6 million person-rems would amount to spending $30 to
$90 million to prevent sach potential radiation-induced
premature cancsr death. Society considers this cost unlccepl
ably high for individual protsction.

24. Are there eny eress of concern g¢bout radianion risks
thae might result in chenging the NRC dose limits?

Yes. Three areas of concarn to the NRC saff are spec:fi-
cally identified below:

8. An independent study by Rossi and Maysand other
biological ressarch have indicsted that a given dose of
neutron rsdiation may bs more likely to cause biologcal
effects than was previously thought. Other recent studies
cast doubt on the issue. The NCRP is currently studying the
data relatsd to the neutroa radistion question and is
sxpectsd to maks recommendations as to whether neutron
doss limits should be changsd. Although the scientific
community has not yet come to agresment on this question,
worksrs should de advissd of the possibility of higher risk
when sntering areas where exposure (o neutrons will occur.

5. It has been known for some time that rapidly
growing living tissue is more sensitive to injury from radiation
than tissue in which the cslls are not reproducing rapidly.
Thus the smbryo or fetus is more sensitive to radiation
injury than an adult. The NCRP recommended in Report
No. 39 that special precsutions be taksn when an occupa-
tionally expossd woman could be pregnant in order to
protect the embryo or fetus. In 197$, the NRC issued
Regulstory Guide 8.13, “lastruction Concerning Prenatal

_Radiation_Exposure,” in_which_it_is-recommended—that—————

licsnsses instruct all workers concsming this special risk.
The guide recommends that all workers be advised that the
NCRP recommended that the maximum permisuble dose to
the embryo or fstus from occupational exposure of the
mother should not exceed 0.5 rem for the full S-month
pregnancy period. In addition, the guide suggests options
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avalable to the female employee who choosss not to Thus, the average individual in the general population
expose her embryo or (etus to this additional nak. receives about Q.2rem of radiation exposure each year
from sources that are a past of our natural and man-mage
The United States Department of Health and Human environment. By the age of 20 years, an individual has
Services 13 amuarly concerned about prenatal exposurs accumulsted about 4 rems. The most likely target ‘or
from medical x-rays. ln 1979 they published propossd reduction of population exposure is medical uses,
guidelines for physicians concerning abdomunal x-rays for i
possibly pregnant women. The guidelines in effect encourage 26. Why aren’t medical expasures considered as part of a
the x-ray staff to make efforts to determine whether a worhr't allowed don’ _
female patient is pregnant and to defer x-rays-if-posmble - -7
until after the chud is born. Eqw doses of medical and occupational radiation have
equal risks | Medical exposure to radiation shouid be justified
¢. Also of special interest is the indication that female for reasons quite different, however, from those applicable
warkers are subject to more risk of cancer incideacs than to occupational sxposure. A physician prescribing an x-ray
male workers. [n terms of all types of cancer except leukemia, should be convincsd that the bsnefit to the patient of the
the BEIR-30 analyns indicates that femals workers have resulting medical information justifies the risk associuaced
a risk of developung radistion-induced cancsr that is spproxi- with the radiation. Each worker must decide on the accept-
mately one and one-haif times that for males. This increasmd ancs of occupational radiation risk just as each worker must
risk is primarily due to the incidencs of breast and thyroid decide on the accsptability of any other occupational
cancer in women. Thess types of cancer, howsvser, have 3 hazard.
high cure rate. Thus the differsnce betwesn men and
women in cancer mortality is not great. Incidencs of For another point of view, cansider a worker who receives
radiation-induced leukemis is about the mme (or both s does of 2rems [rom s sries of x-rays or a radioactive
sexes. Female workers should be awars of this differencs in medicine in connection with an injury or illness. This dose
the risks of radiation-inducsd cancer in deciding whether and the implied risk should de justified on medical grounds.
or not to seek work inveiving sxposure to radiation. If the worksr had also recsived a dose of 2 rems on the job,

. the combined doss of 4 rems would not incapacitate the

25. How much rdigrion does the average perion who worker. A doss of 4 rems is not especiaily dangerous snd is
doez not work in the nuciesy industry receive? ' not largs compared to the cumulative lifetime dose. Restrict-

) ing the worker from additional job exposure dunng the

We are all exposed from the moment of conceptioa remaindsr of the quarter would have no effect one way or

to ionizing radiation from several sources. Qur eavironment, the other on the risk {rom the 2 rems already received from
and even the human body, contains natunally occurring maedical exposuse. I the individual worker accepts the risks
radiosctive materials that contributs some of the background associsted with the x-rays on the basis of the medical
radiation we recsive. Cosmic radiation originating in spacs benefits and the risks associated with job-related exposure
and in the sun contridutes sdditional exposure. The uss of on ths basis of employment bensfits, it would de unfair to
x-rays and radiosctive materials in medicine and dentistry restrict the individual from employment in radistion areas
adds considerabdly to our population exposurs. for the remainder of the quartsr. '

Tabie 6 shows estimsted sverage individual exposure Some therspeutic medical dosss such as those received
in millirems from natural background and other sources. from cobalt-60 trestment can range as high as 6000 rems to
s small part of the body, spread over a pcnod of several

TABLE ¢ - wesks or moaths.
U.S. General Population Expossre Lstimates (1978)° 27, Whet is meant by insernel exposure’?
Averags Individual - The total radiation does to the worker is the external
Source ’ Doss doss (measured by the film badge and reported as “whole-
(mrem/yr) body does”) plus the doss from internal emitters The
moaitoring of the additional internal doss is difficult.
Natural background (sversgs in U.S.) - 100 Becauss there is the possidility of intsmal dosss occumng, a
Release of radioactive material in B good airmonitoring program should be established when
natural gas, mining, milling, ste. warrantsd. :
Medical (whole-body squivalent) 90 v .
Nucisar weapons (primarily (sllout) 5-8 The uptaks of radiosctive materials by workers is gener-
Nuclearenergy  _ . _028_ _— —qlly-due tobresthing contaminated sir- Radioactive matenais
" Consumer products 0.03 .may be pressat as fine dust or gases in the workplace
atmosphere. The arfaces of equipment snd workbenches
Total . 200 mrem/ye )
m.:a‘. ted lra’a By the htmpa?.TuI“Faa oa the ’lt s Ukely that :‘ fles m?‘nm:'n‘ug‘:.:g
of Health, a?n:ua. m‘vuun. re partment :- M.:Oy'.h‘-m -alll,c-l than ¢ 100-mrem chest 18y,
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may be contamunated. Radioactive matenals may enter the
body by bewng breathed in, taken in with food or dnnk, or
bewg absorbed-through the skin, particularly U the skin is
broken.

After entenng the body, the radioactive material will
migrate to particular organs or particular parts of the body -
Jepending on the biochemustry of the matenial For example,
uranium wul tend to deposit in the bones where it will

reman for 3 long time. It is sowly eliminated from the . __ _devices. A sif-reading pocket dogimeter-records-the-exposure- - -
"to incident radistion and can be read out immediately upon

body, mostly by way of ‘the ‘kidneys. Radium will also tend
to deposit in the bones. Radicactive iodine will seek out the
thyroid glands (located in the neck) and deposit there.

The dose fram thess internal emitters cannot be mes-
sured either by the film dbadgs or by other ordinary dosim-
eters carmed by the worker. This means that the internal
radiation dose must be ssparately monitored using other
detection methods.

Internal exposure can be estimated by measuring the
radiation emitted from the body or by measuring the
radioactive materials contained in biological samples such a8
urine or feces. Dose estimates can also bs mads if ons
knows how much radicactive material is in the air and the
length of time during which the air was breathed.

28. How are the limits for internal upodn sot?

- Standards have been established for the maximum
permissible amount of esch radionuclide that may be
accumulated in the critical organs® of the worker's body.

Calculations are made to detsrmine the quantity of
radioactive matenial that has besn tsken into the body and
the total doss that would resuli. Then, bassd oa limits
established for particular body organs similas to 1% rems
in a calendar quarter for whole-body exposure, the reguls-
tons specily maximum permissible concsatrations of radio-
active material in the air to which a worksr can be expossd
for 40 hours psr week over |3 wesks or | calendar quarter.
The regulations also require that sfforts be umu to kesp
mtemu expoam ALARA.

Internal expogure is controlled dy limiting the relsass of
radioactive matsrial into the air and by carefully monitoring
the work area for airboms radioactivity and surfacs con-
tamination. Protective clothing and respirstory (breathing)
protection should be ussd whenever the possidility of
contact with looss radioactive material cannot be prevented.

29. s the dose ¢ person received from internal exposure
edded to that received from external exposure?

Exposure to radiation that results from radicsctive
materials taken into the body is messursd, recorded, and

reported to the worksr ssparately from external doss. The
internal dose to the whoie body or to specific organs does
not at this time count against the 3-rem-percalendasrquarter

'Cnueu organ refers © thoss parts of the body vuinersdie to radis-
uon damage Such as done. lum thyroid. and other systems where
certmn rs uve materials conesntrets if taksn into the dody.

C-11

FMPC-2084 Rev. 1

3610

Limit. [CRP recommends that the internal and external doses
should be appropriately added. This recommendaton
currently under study by the staffs of the NRC, the EPA. -
and the Occupational Safety and Health Admunistration
(OSHA),

30. How is 8 worker's external radianion dose determined?

A worker may wear three types of radiation-measunng

finishing s job involving sxternal exposure to radiation. A
fim badgs or TLD badgs records radistion dose, either by
the amount of darksning of the film or by stonng energy in
the TLD crystal Both thess devices require procesung to
determine the doss but are considered more reliable than
the pockst dosimeter. A worker's official report of dose
recsived is normally bassd oa film or TLD badge readings,
which provide a cumulative total and are more accurate.

31.  Whet are my oprions if I decide not 10 sccept the risks
associsred with occupetional redigtion exposure?

if the riaks from sxposure 10 radiation that may be
expected to occur during your work are unacceptadble to
you, you could request a transfer to a job that does not
involve exposure to radiation. Howsver, the risks associated
with exposure to radistion thst workers, on the average,
sctually recsive are considersd sccsptable, compared to
other occupational risks, by virtually all the scientific
groups that have studied them. Your employer is probadly
not obligated to guarantes you a transfer if you decide not
to sccept an asmgnment requiring sxposure to radiation.

You also have the option of sseking other employment
in s nonrndiation occupstion. Howsver, the studies that
have compared occupational risks in the nuclear industry to
thoss in other job arsas indicats that nuclear work is
relatively safe. Thus, you will not necessanly find signif-

‘icantly lower risks in another job.

A third option would be to practics the most effective
work procedures 30 88 to keep your sxposurs ALARA. Be
sware that reducing time of exposure, maintaining distance
from radiation sourcss, and using shislding can all lower
your exposure. Plan radiation jodbs carsfully to increase
efficiency while in the radistion ares. Lesarn the most
effective methods of uging protective clothing to avoid
contaminstion. Discuss your job with the radistion protec-
tion personnel who can suggest additional ways to reduce
yOur eX posure. .

32.  Where om I pet adklirional informarion an redisrion rsk?

The_following list suggests sources of useful informs-
tion on radistion risk:

& Your Employer

The radistion protection or health physics office
in the facility whers you ars employed.
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b. Nuclear Regulatory Commission

Regional Offices
King of Prustia, PA 19406 215-337-5000 - -
Atianta, GA 30303 404-2214503
Glen Ellyn, IL 60137 312-932-:25%00
Arlington, TX 76012 817-334-2841
Walnut Creek. CA 94596

Headquarters

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commuuon
Washington, D.C. 20555

Telephone: 301-443-$970

415-943-3700

FMPC-2084 Rev. 1
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e .Dcpcmmfn of thh and Human Services

Office of the Director .
Bureau of Radiological Heajth (HFX H
Department of Health and Human Semces :

- 5600 Fishers Lane

Rockville, MD 20857

Telephoneﬁz- 301-4434690

. Environmental Protection Agency

Office of Radiation Programs

U.S. Environmental Protection Alency
400 M Strest, SW

Washington, D.C. 210460

Telephone: 703-557-9710
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b. Nuclear Regulatory Commission

Reqonal Offices

e

King of Prussia, PA 19406

Atlanta, GA 130302
Glen Ellyn, IL 60137
Arlington, TX 760112
Walnut Creek. CA 94596

Headquerters

Occubmond Radiation Protection Branch.. — .- — - — -

215-337-5000
404-2214503
J12-932-2500
817-334.2841
415-943-3700

—~ - .- -~ 7 777 7Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 2085S

Telephone: 301-443-5970
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360

e Dtpcmvm'n of Health and Human Services

Office of the Director .

Bureau of Radiological Health (HF X-1)

Department of Health and Human Services
- $600 Fishers Lane '

Rockville, MD 20857

Telephone: 101-443-4690

d. Environmental Protecrion Agency

‘Office of Radiation Programs

U.S. Eavironmental Protection Agency
401 M Street, SW
Washington, D.C. 20460

Telephone: 703-557-9710
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