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INTRODUCTION AND PURPOSE
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9 Maintaining radiological controls is the shared responsibility
of every individual working on site. Individual
responsibilities 1include being aware that radiological
conditions may exist and alert to potential radiological
problems.

1.2.1 Managemen nsibilities for i

1.8 Overall responsibility for administration of health and
safety programs relative to RMIEP operations and its
surrounding environment rests with the Manager of the
Environmental, Safety and Health (£,S&H) Department and
the Medical Department of the RMI Titanium Company.

1.2.1.2 Management responsibilities addressed in this manual
include:

- Providing necessary equipment to safely control
radiological conditions.

Providing appropriate training in methods and
procedures for keeping exposures as low as
reasaonably achievable (ALARA) and for minimizing
or 1imiting the spread of contamination.

- Maintaining records of occupational radiation
doses and, wupon written vrequest, providing
employees with a <copy of their recorded
occupational radiation dose history.

- Providing each employee with an annual summary of
their recorded occupational radiation doses.

Notifying each affected employee promptly after
the determination has been made of any radiation
dose which exceeds the DOE occupational dose
limits.

- Providing each empioyee, upon termination of
employment, with a copy of their recorded
occupational radiation dose history during
employment at the RMIEP.

Notifying employees of the avuv: responsibilities
by nosting Occupational Safety and Health
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1.2.1.3

Protection for DOE Contractor Employees at
Government-Owned Contractor-Operated Facility
notice DOE-F-5480.5 (9-83).

Controlling the use of radioactive material to
keep radiation exposures as low as reasonably
achievable (ALARA).

On-site radiological protection functions are
centralized in the Health Physics Department. A summary
of tasks performed by this department are as follows:

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

- Provide radiological monitoring of plant
operations, receipts and shipments of radioactive
materials and renovation and construction project
sites.

Determine dosimetry and bioassay (both in vitro
and in vivo) requirements. De‘ermine results of

dosimetry arZ in vivo monitoring. Evaluate
results of all dosimetry and Dbioassay
measurements.

Evaluate work conditions and practices for
adequacy of radiclogical protection.

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

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

Approve content of radiation worker training.

- QOperate a site-wide radiation source control
program.
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1.3 A

Term

The following terms are necessary for understanding radiological
controls at DOE facilities. Other terms commonly used in the
nuclear industry are listed in Appendix A. (Appendix A is a copy of
the U. S. Nuclear Regulatory Commission document, NUREG-0770,
"Glossary of Terms: Nuclear Power and Radiatior," June 1981.)

1.3.1

Airborn i ivity Area‘’”’ - Any area where airhorne
radicactive material concentrations greater the 1/10 of the

derived air concentrat}gns specified in DOE Order 5480.11,
Attachment 1 (2.0 x 107" uCi/ml).

Contamination Area'® - Any area within the boundaries of the
controlled area where surface contamination levels are grater
than 10 times those specified in the Radiological Area, (See
1.3.17 of this document).

Controlled Area’® - Any area within the boundaries of the
RMIEP site to which access is controlled in order to protect
individuals from exposure to radiation and radicactive
materials.

DAC__(Derived Airborne Concentration) - the average
concentration of & radionuclide suspended in air that if
inhaled -or ingested fur a 2000-hour working year, would
irradiate a persen to the limiting radiation dose value for
control of the work place. Exposure to airborne radioactivity
is measured in DAC-hours, that is the time (hours) at the DAC

value.

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

Internal Radiation Exposure - The dose of radiation received

to the 1internal organs of the body from radionuclides
ingested, inhaled or absorbed into the body.

lonizing Radiation - Any radiation capable of displacing
electrons either directly or indirectly from atoms or
molecules, thereby producing ions. Examples: alpha, beta,
gamma, X rays, and neutrons.
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1.3.8 Mggjgg] Department - The RMI Titanium Company physician and

nursing staff located in a dispensary facility at the RMI
Company Sodium Plant at State Road and East 6th Street,
Ashtabula, Ohio 44004.

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

1.3.10 Nonradiological Area - Any area within a Controlled Area whizh

does not exceed radiclogical conditions which would require
posting as a Radiological Area as defined below.

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

1.3.12 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 radiation generating
device.

1.3.13 Radiation Dose Terms and Units

1.3.13.1 Dose - the amount of energy deposited in tissue (unit =
rad).

1.3.13.2 Dose Equivalent - the dose multiplied by a quality
factor (QF). QF for Beta and Gamma is one; for alpha,
it is twenty. (units = rem).

1.3.13.3 Effective Dose Equivalent - the summation of organ dose
equivalents multiplied by organ-specific weighting
factor (W,). (unit = rem).

Organ/Tissue (T) Weight (W,)
Gonads 0.25
Breast 0.15
Red Marrow 0.12
Lung 0.12
Thyroid 0.03
Bone Surfaces 0.03
Remainder 0.30

(A wewght1ng factor of 0.01 has been suggested for
skin.




i Ul E‘UN‘FRUHED CO

NIUM RMI EXTRUSION PLANT | paGE 7
ZOMPANY EXTRUSION PLANT HEALTH PHYSICS MANUAL
CEPATMENT TERDH ‘mvsics
mmo uv -~ EFFECTVE CATE
'47 /w‘gf DEC 91891 RMI-L-60

1.3.14

1.3.13.4 Committed Effective Dose Equivalent - The effective dose

equivalent that would be received over a fifty-year
period by an individual with internally deposited
radionuclides. (unit = rem).

Radiation Source - A discrete guantity of a radionuclide or a
machine which produces ionizing radiation.
Radiation Worker - An cccupational worker whose job assignment

requires work on, with, or in the proximity of radiation
producing machines or radioactive materials, and/or who has
the potential of being routinely exposed to 0.1 rem per year,
which is the sum of the annual effective dose equivalent from
external irradiation and the effective dose equivalent from
internal irradiation.

Radiation Work Permit - A permit to administratively control

either nonroutine tasks or routine tasks which involve the
potential for significant radiation exposures.

Radiological Area‘®’ - Any area within the boundaries of the

controlled area where surface contamination levels exceed the
RMIEP administrative limits of 1000 dpm/100cm® fixed plus_
removable alpha, beta-gamma contamination.

Radioactive Contamination - A deposit of uncontained or

unwanted radioactive material on the surface of structures,
areas, objects or personnel (surface contamination) or
empedded or contained in other materials (e.g. air, water,
etc.).

Radigactivity - 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.

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.

Conversion Factors:

1 Curie (Ci) = 3.7 x 10" disintegrations per secord =
2.22 x 10" dis sintegrations per minute.
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1 Millicurie imCiJ = 3.7 x 107 disintegrations per
second = 2.22 x 10" disintegrations per minute (dpm).
1 Microcurie (uCi) = 3.7 x 10° disintegrations per
second = 2.22 x 10° dpm.
1 x 107" uCi/cc = 22 disintegrations per minute per
cubic meter.

1.3.21  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 singie shift.

1.4 References

1.

Title 10 Code of Federal Regulations Part 20, paragraph 20.203
(e)(2). (Standards for the Protection Against Radiation).

U.S. Department of Energy Order 5480.11, page 22, paragraph 9
k(2)(c).

U.S. Department of Energy Order 5480.11, page 7, paragraph 8
c(1).

U.S. Department of Energy Order 5480.11, page 7, paragraph 8
c(2).

ICRP 60.
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SECTION 2

RADIATION DOSE LIMITS

2.1 General

2.2 Basis for Limits

2.3 [Exceptions to Limits
2.4 Dosimetry Records
2.5 The Unborn Child

2.6 Minors

2.7 General Public
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r.o RADIATION DOSE LINITS
2.1 General

The radiation dose 1limits and administrative dose controls
identified in this manual are used for controlling personnel
occupational radiation exposure. Radiation that is received as a
result of medicai or dental exams or radiotherapy 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 RMIEP.

g r Limi

2.%8.1 These limits are such that no significant biological effects
are expected, even if exposures extend for a 1ifetime at these
levels. Nevertheless, personnel exposure shall be maintained
ﬁs low 3as reasonably achievable (ALARA) below these limits.
MIEP has established administrative action limits at levels
below the DOE Timits in order to identify and investigate
exposures before they approach~B®& limits.

M” nRL

- e B The radiation exposure limits identified in this manual have
been promulgated by the Department of Energy and are
consistent with the requirements of Federal agencies such as
the Environmental Protection Agency, Nuclear Regulatory
Commission and Occupational Safety and Health Administration,
and recommendations nf scientific organizations such as the
National Council on Radiation Protection. The limits as
established by DOE Order 5480.11 are listed in Table 2.1 (on
page 2-2) along with the RMIEP administrative action levels.

283 The 1limit for exposure to tie whole body pertains to
penetrating exposure plus internal exposure, combined into a
quantity called "effective dose equivalent." Methods for
calculating internal exposures shall be selected in accordance
with recommendations of widely accepted, published methods.

2.2.4 The 1imit 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 below the
knee. This category includes the lJeast sensitive areas of the
body .
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TABLE 2.1 E
|
RADIATION DOSE EQUIVALENT LIMITS E
Exposure Category Annual_Limit (rem) f
NBQ(J) g
Occupational RMIER'®  DOE'Y (Quarterly) '
Whole body (effective dose equivalent) 0.5 5.0 1.25
'Lens of eye 0.5 15.0 1.25
Skin and all other organs 3.0 50.0 7.5
Extremities 5.0 50.0 18.73
Embryo and fetus (entire gestation period) 0.1 0.5 0.5
Minors (Committed effective dose equivalent) .1 0.1 0.125
General Public
All Pathways
Whole body, prolonged period of exposure
offsite or in a Controiled Area 0.1 0.1 0.5
Airborne Emissions Only
wWhole body (Effective dose equivalent:
contribution from radon not inciuded) 0.01 0.0l 0.5
Drinking Water Only 0.004 0.004 (Not)
(defined)
(1) Occupational radiation exposure limits per DOE Order 5480.5; radiation
exposure limits to the general public per DOE Order 5400.5.
f2) Administrative action levels established by RMIEP.
(3) 10 CFR 20.101; 20.104; 20.104; 20.105; 20.106.
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2.3 Exgextions to Limits

2.3.1

2.3.4

2.4
2.4.1

The Timit for occupationai wnole body dose may only be
exceeded in the event of an emergency situation. During
emergency situations personnel may volunteer to exreed 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 Plant Manager.

Planned special exposures (non-emergency) may be ailowed in
unusual situations where alternatives which would avoid higher
exposures are unavailable or impractical. The annual
vccupational dose received or anticipated to be received in
that year, shall not exceed 2 times Lhe annual effective dose
equivalent limit. Pianned special exposures reguire tne
approval of the Head of the DOF Field Grganization.
Documentation of planned special exposures must be maintained
in the individual’s occupational exposure history.

ry Records

A permarant record of exprsures received at the RMIEP is
maintained for all persornei.

2.5 The Unborn Child

2.5.1

2.5.2

:-5.3

The 1imiting value of annual dose equivalent re-eived by the
unborn child from the period of conception to birth (entire
gestation period) as a result of occupational esposure of a
female occupational worker, who ras notified her employer in
writing that she is pregnant, is 0.5 rem. Efforts should be
made to avoid substantial variation above the uniform monthly
exposure rate tuat woul. satisfy this Timiting value.

If the dose to the unborn cuild is determined to have already
exceeded 0.5 rem by the time a worker notifies her employer in
writing of her pregnancy, the worker shall not be assigned to
tasks where additional occupationai exposure is likely.

The limiting value of dose equivalent to the unborn and the
assignment of female workers (who have declared pregnancy in
writing to their employer) to task where additional
occupational exposure is not likely does not create a basis
for discrimination and should be achieved in conformance with
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the provisions of Title VII of the Civil Rights Act of 1964
[See Environmental Protection Agency (1) - pages 2829 and 2832
of Federal Register, Vol.52, Nr.17, 1987).

2.6 Minors

2.6.1 Individuals under age 18 shall not be allowed to exceed 0.1
rem per year.

2.7 General Public

2.7.1 The dose limits to the general public are established by DOE
Order 5400.5. The calculation of dose to members of the
general public are based upon ICRP (International C.mmission
on Radiological Protection) Publication 30 models and
parameters used by DOE environmental programs.
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SECTION 3
DOSIMETRY

3.1 External Dosimetry Regquiremerts
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Dosimetry for Measuring Whole Body Exposure
Dosimetry Wearer’s Responsibilities
Extremity Dosimetry

Uirect Reading Dosimeters

Personnel Accident Dosimeters

Nuclear Criticality Accident Dosimetry
Radiation Exposure Investigations

Radiation

neral
U inalysis
Fecal Monitoring
In Vivo Monitoring
Internal Dose Assessments
Reports to Employees

3.3 Therapeutic Radioisotopes




lliﬁ%}!hﬂUhﬂ
COMPANY EXTRUSION

e

RMI EXTRUSION PLANT
PLANT HEALTH PHYSICS MANUAL

APPROVED BY )

—

P o 24/7
uel # ’f”«'/ww/'w

EFFECTVE DATE

DEC 91981

[
3.0 DOSIMETRY

3.1 External Dosimetry Requirements

a.2.3.1

3:2.3.2

3.1.1.3

3:.1.2.1

33,88

penetration as follows:

- 38 % General

The Health Physics Department provides dosimeters for
all personnel requiring them at the RMIEP. They also
record and report dosimetry results.

A1l employee and contractor personnel entering the RMIEP
site are responsible for wearing dosimeters whenever
they are required in accordance with the usage rules
Tisted below for each type of dosimeter. On occasion,
individuals may be regquired to participate in special
studies which involve the wearing of special dosimeters
in addition to their personal TLD.

Visitors to the RMIEP <ite are required to wear
dosimeters in accordance with the same requirements as
RMIEP employees whenever they will be entering a
Radiolegical Area.

3.1.2 imetry for M ring Wh

Thermoluminescent dosimeters (TLDs) are utilized to
measure personnel radiation exposure from radiation
penetrating to depths which give a dose to the skin, the
lens of the eye, and to the whole body.

A multi-element dosimeter measures the radiation
exposure, as well as the type and penetrating power of
the radiation. The TLDs are oubiained from an outside
vendor. After exposure the TLDs are returned to the
vendor for analysis and reporting of dose assessment.

3.1.8.3 The depth of penetration corresponds to radiation doses
to human skin, lens of the eye and whole body. Depth of
penetration is dependent on density; therefore, the unit

"density thickness" is used for various "depths" of

i
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Dose assigned to nsi Thi

Skin 7 mg/cmt

Lens of eye 300 mg/cm®

Whole body 1000 mg/cm®
The Health Physics Department is responsible for
maintaining radiation dose reports and records.
The whole body external dosimetry program is subject to
the requirements of the Department of Energy Laboratory
Accreditation Program (DOELAP) for dosimetry processing,
which are contained in DOE Order 5480.15 and the various
documents referenced therein.

3.1.3 Dosimetry Wearer’s Resporisibilities

3.1.3:1 Requirements for issuing dosimeters, processing
dosimeters (including frequency of processing), storing
dosimeters, and reporting of dosimetry results are
established by the Health Physics Department. A1)
individuals who enter the RMIEP are responsible for
compliance with the requirements listed below for whole
body dosimeter usage.

- Dosimeters shall be worn at all times while on
site.

Losimeters shall be worn on the outermost garment
on the front of the body proximal to the heart of
the wearer with the identification number of the
badge facing away from the wearer unless directed
otherwise by the Health Physics Department.

Dosimeters shall be worn only by the individuals
assigned to them,
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- Dosimeters shall be stored in designated storage
racks in the Guard house when not being worn.

- Lost or damaged dosimeters shall be immediately
reported to Health Physics Dejartment.

319 remi i r

- % 4% 19 The RMIEP 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
of 7 mg/cm®. These exposures are recorded as extremity
doses, not skin doses.

3.1.4.2 Health Physics Department identifies personnel who are
required to wear extremity dosimetry and establishes
requirements for issuing, processing (including
frequency of processing), and storing dosimeters, and
reporting results. A1l personnel issued extremity
dosimeters are responsible for compliance with the
following requirements:

- Extremity dosimeters shall be worn by personnel
designated by Health Physics Department as
requiring extremity dosimetry.

-~ Ring dosimeters shall be worn with the element
facing the radiation source, under gloves, unless
directed otherwise by Health Physics Department.

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

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

- Personnel shall immediately report 1lost or
damaged dosimeters to Health Physics Department.
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3:1.9

3.1.8

317

3.1.8

3.1.5.1 Direct reading dosimeters (DRDs) are utilized to allow

3.1.5.2 DRDs will be issued by the Health Physics Department

3.1.6.1 Inside of each assigned personnel dosimeter badge, is a

3:1.7.1 Permanently mounted dosimeter units shall be located by

3.1.8.1 Health Physics Department establishes external exposure

Direct Reading Dosimeters

real time indication of worker exposure to penetrating
radiation, The DRD has a single ion chamber which
measures gamma exposure. Visual indication is provided
by a viewing window in the chamber with a scale marked
in mil1i Roentgen.

Section to those personnel that may reguire them.
Comparisons are performed between the ODRD and TLD
resuits to verify accuracy within allowable limits.

rsonnel Acciden imeter

packet containing the personnel accident dosimeter.
These dosimeters contain a sulfur pellet, and three
different types of metal foils which are activated by
the neutron flux associated with a criticality accident.
Analysis of the radioactivity in the pellet and foils
will provide indication of an individual’s absorbed
neutron dose.

Nuclear Criticality Accident Dosimetry

Health Physics Department 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 absorbed neutron dose in each
Tocation can be determined.

Radiation Exposure Investigations

action levels for investigation, change of work
assignments, and restriction of personnel from
additional radiation exposure, performs exposure
investigations, and informs management of work
restrictions.
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A1l RMIEP departments shall provide information on work
assignments as requested by Health Physics Department to
enable evaluations of required participation in the
dosimetry program, or evaluations to determine which
personnel should be issued permanent dosimeters.

3.2 Internal Radiation
3.2.1 General

3.2.1.1

3:2.1.:2

3idstsd

Internal radiation monitoring at the RMIEP is routinely
accomplished hy performing in vitro and in vivo bioassay
measurements. Health Physics Department defines the
internal radiation monitoring program for all personnel
at the RMIEP.

Health Physics Department is responsible for:

Identifying  personnel for whom internal
monitoring is required;

- Determining what type of bioassay measurements
will be performed;

- Setting the freguency of measurements;
- Interpreting biocassay results;

- Establishing internal monitoring action Tevels
for investigation:

- Restricting work assignments;

Restricting personnel from additional radiation
exposure;

- Performing exposure investigations;

Informing managers and supervisors of work
restrictions.

Internal radiation monitoring is required for all
radiation workers exposed to surface or airborne
radiocactive contamination where the worker could receive
100 mrem annual effective dose equivalent from all
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3.2.3

/

3.2.1.4

3.2.1.5

ri

3.2.2.1

3.2.2.2

Fecal

1

intakes of all radionuclides from occupational sources,
or if any organ or tissue dose equivalent could exceed
5 rem annual dose equivalent,

Managers and supervisors shall provide informaticn on
work assignments to Health Physics Department on request
to enable evaluation of required participation in an
internal monitoring program. Managers and supervisors
shall also identify individuals whose work assignments
meet criteria provided by Health Physics Department as
requiring internal monitoring.

A1l personnel 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
RMIEP Rules of Conduct and may result in disciplinary
action or restriction from radiological areas.

i

Routine wuranium urinalysis samples are analyzed for
total wuranium. The vresults are vreported 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 additicnal biocassay measurements. The
schedule for collecting routine samples and the criteria
for collecting non-routine (i.e., incident or special
samples) are established by Health Physics Department.

Reasons for collecting special samples include, but are
not 1imited to, analysis for uranium is>topes, analysis
for radionuclides other than uranium, evaluation of
daily excretion of radioactive material without relying
on standard models for relating urinary concentration to
daily output, and special studies.

Monitoring

3.2.3.)

Fecal monitoring is not performed routinely, but may be
required when urine sampling is not adeguate or
appropriate for the radionuclide il chemiZal form of
interest, or when it would be heipful in determining the
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magnitude and nature of a suspected intake of
radiocactive material.

3.2.4 In Vive Monitoring

3:8.4:1 In vivo monitoring is the detection and quantification
of radioactive materials in the body by means of
measuring the photons emitted from organs within the
body. The In Vivo monitoring at the RMIEP is conducted
annually.

3.2. nternal Dose Assessmen

wn

3.2.5.1 Internal dose assessments are performed to determine
intakes of radioactive material that are dosimetrically
significant. Dose assessments are generally performed
according to ICRP 30 methodology. Health Fhysics
Department may modify the approach if recent
publications or actual bioassay data indicate that this
would be appropriate.

3.2.5.2 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 may be used to
estimate internal exposure.

3.2.5.3 Results of dose assessments shall be included in
personnel exposure records. The information that is
retained in these records includes the following:

- For each intake of radioactive material, the year
the intake occurred;

- Radionuclide(s) involved in each intake;

Annual effective dose equivalent received in each
calendar year;

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

- Committed effective dose equivalent from ir .akes
occurring during each calendar year;
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- Committed dose equivalent to organs or tissues of
interest from intakes occurring during each
calendar year.

3.2.6 Reports t 0

3.2.6.1 Health Physics Department shall provide to each
radiation worker a summary of annual, cumulative, and
committed effective dose equivalent each calendar year.
These results, along with more detailed information
concerning a worker’s exposure, shall also be provided
to monitored individuals at any time upon their request.

3.3 Therapeutic Radioisotopes

3.3.1 The employee is responsible for notifying Health Fhysics
anytime they have undergone any medical procedure involving
radioisotopes other than x-rays. Some examples are: Stress
test, Lower GI scan, Thyroid therapy, etc.

3.3.2 Exposure due to any medical procedure will not be added to a
person’s occupational exposure records.
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SECTION 4
ENGINEERING AND ADMINISTRATIVE CONTROLS
FOR
RADIOLOGICAL SAFETY
4.1 RMIEP ALARA Program
4.1.1 Statement of Policy
4.1.2 Responsibilities
4.1.3 The Radiation Protection/ALARA Program Considerations
4,2 Engineering Controls for Facility Design/Modification
4.2.1 Ventilation Systems
4.2.2 Storage of Radioactive Material
4.3 Radiological Engineering Evaluation
4.4 Administrative Controls: Work Procedures
4.4.1 Plan Access
4.4.2 Provide for Service Lines
4.4.3 Communication
4.4.4 Remove Sources of Radiation
4.4.5 Work Outside Radiological Areas
4.4.6 Tools
4.4.7 Special Tools
4.4.8 Estimate Radiation Exposure
4.4.9 Review Exposure
4.4.10 Accident Situations
4.4.11 Inspection Requirements
4.5 Administrative Controls: Radiation Work Permit (RWP)
5.1 General
9.2 Responsibilities
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ENGINEERING AND ADMINISTRATIVE CONTROLS

FOR
RADIOLOGICAL SAFETY

4.5.3 Continuous Coverage Requirements
4.5.4 Procedure
4.5.5 Determination of Time Limits
4.6 Administrative Controls: Work in the Administrative Area of

the RMIEP
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4.0 ENGINEERING AND ADMINISTRATIVE CONTROLS FOR RADIOLOGICAL SAFETY
4.1 RMIEP ALARA Program
§4.1.1 Statement of Policy
It is the policy of RMIEP that:

- No practice involving radiation exposure shall be
adopted unless its introduction produces a positive net
benefit;

- A1l exposures shall be kept as low as reasonably
achievable (ALARA), with economic and social factors
taken into account;

- The dose limits identified in Section 2 of this manual
shall not be exceeded.

4.1,2 Responsibilities
4.1.2.1 All Managers and Supervisors Shall:

- Enforce all radiation protection rules and

1imits.

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

Specify and accomplish goals and objectives for
RMIEP operations which incorporate the ALARA
philosophy and objectives.

- Review all plans for medification or installation
of equipment or facilities under their cognizance
to ensure that radiation exposures and
environmental releases are ALARA.

4 1.2.2 Manager of Environmental, Safety and Health (ES&H)

The Manager of ES&H is responsible for implementation of
the radiation protection program and to this end, shall:

Ensure that all operations involving work with
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radioactive materials is supported by adequate
radiation protection coverage, both in field
support and engineering support.

- Review and recommend changes in operating
procedures to maintain occupational exposures
ALARA.

- Promote the development of training programs
related to work performed in radiation areas or
with radioactive materials.

- Support the collection, analysis, and evaluation
of radiological data and information as it
pertains to the Radiation Protection/ALARA
Program.

Health Physi P

"~y
)

] 4.1.

The HP Department is responsible for the technical
development and adequacy of the radiation protection
program. The HP Department also has the ongeing
responsibility for surveillance and supervisory action
in the impiementation of the program. The HP Department
also has the responsibility to:

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

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

Review and recommend changes 1in standard
operating procedures to maintain exposures ALARA.

Participate in the development and implementation
of training programs related to work in radiation
areas or involving radioactive materials.

Conduct investigations of radiation exposures
which are near or  exceed established
administrative and regulatory guidelines or are
outside of the expected norms.
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- Review all process equipment and facility designs
to ensure that the potential for significant
radiation exposures and environmental releases
are minimized.

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

- Ensure ALARA considerations are engineered and
incorporated into designs, installations, and
retrofitting of equipment.

4.1.2.4 The RMIEP ALARA Committee

The ALARA Committee membership and responsibilities, are
identified in "ALARA Program-RMIEP."

4.1.2.5 All Individual he RMIEP

The ALARA program is only as effective as each
individual’s performance, therefore all individuals at
the RMIEP shall:

- Comply with all rules for radiation protection.

- Comply with requirements identified in Radiation
Work Permits.

Use time, distance and shielding to minimize
exposure. Avoid any unnecessary exposure.

- Report to their supervisor, the HP Department
and/or the ALARA Tommittee any process
mil functions or violations of rules or procedures
which could vresult in increased radiation
exposure to an individual or to the environment.

- Suggest improvements for the Radiation
Protection/ALARA Program and for the
radiologically safe operation of work place
processes and equipment.
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4.1.3 ; n Pr ion i

4.1.3.1 The HP and the ALARA Committee jointly provide for a
Radiation Protection Program that maintains radiation

exposure ALARA.

4.1.3.2 The following must be considered for an effective
program:

Special radiological projects with exposure
potential greater than one man-rem effective dose
equivalent shall require radiation dose budgets
and the incorporation of ALARA principles and
concepts into work procedures prior to the
initiation of the work.

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 such rehearsals
are ALARA based on cost-benefit analyses.

Radiological surveys and monitoring shall be
conducted to obtain information with respect to
radiation TJevels, contamination levels, and
airborne radicactivity concentrations before,
during and after work as appropriate. These
surveys and monitoring will provide the data
necessary to establish the radiation safety
requirement to be incorporated into the
radiolrgical work procedure to keep exposure
ALARA.

Radiation exposure rates shall be reduced either
by decontamination, shielding or by removing
radiation sources from the work areas as
appropriate to keep radiation doses ALARA,

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.

ga e T T L o PRI v A K TN T s oo [T et mER S T
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- Radiation Work Permits shall be used for specific
jobs to identify and document job requirements
and to control radiation exposures. Supervisors
and individuals performing the work shall review
the required protective features before the start
of work.

High efficiency (HEPA) filtered exhaust
ventilation systems shall be used where practical
in order to keep radiocactive air concentrations
ALARA.

- Protective equipment such as anti-contamination
clothing, respirators, dosimetry devices, and
monitoring eguipment shall be used in the work
place as required by the Health Physics
Department to minimize skin contamination,
monitor exposure, and maintain radiation
exposures ALARA.

4.2 Engineering Controls for Facility Design/Modification

§.2.1

§.2.2

The concept of maintaining radiation exposures ALARA shall be
incorporated into the design of all facilities at RMIEP.

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

When designing or modifying radiological facilities,
processes, and equipment the following factors shall be
considered-

L]

Radiation Shielding

Access Control of Radiation Areas

L

- Control of Airborne Contaminants (Ventilation)
- Contamination Control (Isolation and Decontamination)
Need for Local Change Rooms

Radiation Monitoring Systems
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- Design shall 1limit exposure to one-fifth of the
applicable RMI dose limits (i.e., | rem/year whole
body) .

- Environmental Protection Systems:

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

- Liquid - Water treatment systems.

- Primary means for assuring personnel protection shall be
through engineered safeguards, e.g., remote handling
equipment, shielding, ventilation, etc.

- Interior surfaces of components and facilities as wel)
as layout of ducts and pipes, shall be designed to
minimize buildup of contamination.

Equipment and components requiring frequent servicing
shall be located in areas with the lowest practicable
radiation fields and outside process enclosures whenever
possible.

Ventilation systems shall be designed to assure proper
control of airborne contaminants. The systems 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 radicactive material is
required. Remote handling tools, robotics, etc., should
be considered.

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

A1l facility or process design/modification involving a
radiological environment shall be reviewed and approved
by the HP.
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4.2.4 ilation m

4.2.4.1 Plant ventilation equipment shall be designed and used
to remove contamination from the work area. The optimal
ventilation design should cause contaminated air to be
moved away from workers and be equipped with a filtering
system to prevent significant amounts of contamination
from reaching the environment.

4.2.4.2 The Industrial Ventilation Manual published by the
American Conference of Governmental Industrial
Hygienists shall be wused as a design guide for
ventilation systems for both new and old systems.

8.2.% Storage of Radioactive Material
4.2.5.1 Design Criteria Requirements

- Dose rates at the warehouse exterior shall not
exceed 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.

- Storage facilities with penetrating radiation
levels in excess of 100 mrem/hour must be locked
and shall require an RWP for entry.

4.3 Radiological Engineering tvaluation

§.3.1 HP evaluations are required on all projects involving changes
in plant equipment and any activity that significantly
increases personnei to external or internal radiation
exposure. This will be accomplished by HP review of the
applicable design, SOP or Health and Safety Plan.

4.3.2 To ensure that ALARA is practiced in the work place the
following guidelines shall be considered:

4.3.2.1 Plan_in Advance: Many of the methods for reducing
exposure to radiation require considerable planning,
construction, and training prior to the start of work.
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n : Determine exactly what is to
be accomplished. If secondary work requiring additional
exposure can be accomplished in conjunction with the
primory task without additional exposure, it should be
planned and scheduled. An example would be to remove
waste mater.al 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 re-
enter the area for material removal.

Monitor and Evaluate Radiation levels: Radiation

surveys shall be performed periodically in any facility
utilizing radioactive materials. Reports of these
surveys provide information on the general radiation
Jevels encountered in most work. Radiation surveys in
conjunction with inspections or other activities can
define the nature of the radiation fields and identify
favorable Tocations where personnel may take advantage
of available shielding, distance, geometry, and other
factors that affect the magnitude of the exposure rate
or the portions of the body exposed to radiation.

When sufficient advance notification of work is
provided, it 1is possible to obtain more detailed
surveys. Interpretation of surveys can be improved if
requests for detailed surveys are accompanied by
photographs, drawings, or sketches on which the Health
Physics Junior Engineer (HPJE) can record or indicate
the Jocation 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
earlier survey data.

Consider Design Changes: If existing equipment needs to

be replaced or facilities require modification,
consideration shall be given to design changes which
could be made to reduce exposure to radiation.

4.4 Administrative Controls: Work Procedures

4.4.1 Detailed written work procedures shall be used for routine
work with radioactive materials. Procedures shall be written
to minimize exposure to radiation and limiting the spread of
contamination. Each of the following items shall be
incorporated, as applicable, into the work procedures:
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4.4.1.1

4.4.1.2

§4.4.1.3

4.4.1.4

Plan A n r Area. In plans for
access to and exit from the work area, include a
convenient and large enough area 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
installatior, maintenance and removal, and to control
their interference with personnel access. Minimize the
number of lines going into and inside a contaminated
area. Minimize unnecessary accumulation of equipment.
Use types of 1ines that can be readily decontaminated or
use covers for the lines to prevent their being
contaminated.

Provi mmunication. Communication between workers
inside areas with significant levels of radiation or
contamination, and supervision and HPJEs outside the
area. Provision for communication devices, headsets, or
speaker systems can reduce vradiation exposure by
reducing the time required to make decisions on matters
not foreseen in work procedures. Avoid the condition
where headsets become contaminated and then have the
potential of causing contamination of 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.
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$.4.1.5 Per rk 23 Practi

Perform as Much Work as Practicable Outside Radiological
Areas. Prefabrication shall be consi.dered to minimize
the work done in radiation posted areas; for example,
prefabrication of temporary shielding to reduce
installation time.

4.4.1.6 t Requirements for Tools. By requiring
supervisors to determine standard tools known to be
needed for the job and requiring that they be available
near the job location, radiation exposure of working
personnel waiting for tools can be minimized.

4.4.1.7 Consider Special Tools. For certain jobs, special tools

or rigs may reduce in radiation exposure through
simplification, reduction in time, or reduction of
mistakes. These tools should be designed, ovuilt, and
tested on full-scale models prior te 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 radiation area.

4.4.1.8 Estimate Radiation Exposure. 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 radiation
exposure to personnel 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 gained by
others who have performed similar work.

Exposure estimates should be considered for enhancement
in the work procedure. For example, special tools might
be developed to reduce working time.

4.4.1.9 Review Exposure. During and after the work, the actual
dose received shall be compared with the estimates.
Determining the reasons for discrepancies promptly and
correcting them can reduce radiation dose.

. 4.4.1.10 Consider Accident Situations. Potential accident

situations and unusual occurrences (such as gross
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4.4.1.11]

contamination, leakage, pressure surges, fires,
personnel injury) shall be considered during the
preparation of the work plans. Contingency planning can
reduce the potential for such occurrences and enhance
the capability for rapid mitigation of an accident.

Provide Inspection Reguirements for Radiological
Controls. Radiological coverage may be enhanced if

steps requiring radiological control inspections are
included in work procedures. HP Department should be
contacted whenever operations could cause the need for
increased protection and/or posting of raciological
conditions.

4.5 Administrative Controls: Radiation Work Permit (RWP)

4.5.1 General

4.5.1.1

§.5.1.2

4.5.1.3

4.5.1.4

Exposure to radioactive material for which there is no
approvea work procedure (SOP), shall be controlled by an
RWP. In addition, an RWP shall be issued, when work
performed under approved work procedures involves
working in High Radiation Areas, areas where radiation
fields are variable or unknown, or the work procedure
requires that an RWP be obtained.

The primary purpose of the RWP is to control non-routine
or periodic routine tasks that involve the potential for
significant radiation exposures. The RWP identifies the
work activity, the associated radiological conditions
and protective measures required to accomplish the work.

The work permit shall remain in force for the duration
of the job or 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.

when applicable (as directed by the H.P.), the
Requesting Supervisor shall notify an HPJE at the
completion of the Jjob so a post-work surface
contamination survey can be performed.
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4.5.1.5 When a post-work contamination survey is required, the
work under the RWP shall not be considered complete
until the _area surface contamination is less than 1,000
dpm/100cm*”  removable alpha or 5,000 dpm/100cm*‘"
removable beta/gamma radiation as verified by the HP.

4.6 Administrative Controls for Work in the Administrative Areas of the
RMIEP

4.6.1 Radiation Work Permits must be obtained for the following
types of work performed in the Control Area (that is, the
buildings and grounds between the RMIEP parking lot and the
Radiological Area).

4.6.2 Movement of walls or permanently installed equipment.

4.6.3 Breaching of ventilation systems.
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5.2

5.3

ooy

5.4

5.

5.5

S.

5.6

SECTION §

GENERAL REQUIREMENTS FOR
CONTROLLED AREAS

Controlled Area Access Reguirements

Dosimetry

13
N Radiation Safety Training
1.3

Open Wounds, Medical Tests with Radionuclides
Radiological 4rea Postings

General

2.1
2.2 Area Posting

Protective Clothing

1 Controlled Area Clothing
2 Radiological Area

" Contamination Area

4 Laundry Operations

Food, Beverages, Tobacco
4.1 Radiological Areas
General Rules for Work in the Controlled Area

8.1 Contamination Control

Exiting from the Controlled Area and Radiological Areas
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5.0 GENERAL REQUIREMENTS FOR CONTROLLED AREAS

5.1 Controlled Area Access Requirements
9.1.1 Dosimetry

Dosimetry requirements are specified in Section 3.1.2.

5.1.2 Radiation Safety Training

9.1.2.4

5.1.2.2

5.1.2.3

5.1.2.4

Individuals entering Radiological Areas  must
successfully complete the Radiation Worker Training
Program before any unsupervised work assignment is made,
in accordance with Section 13, unless directed otherwise
by the Marager of ES&H. A1l other individuals must
successfully complete Radiation Safety Training
commensurate with their job assignments. This training
shall e successfully completed every two years.

Vendors and personnel providing short-term rep2irs on
nonradiological equipment shall be provided a brief
orientation of the RMIEP operations and safety programs.
A1l visitors entering the Radiological Areas of the
RMIEP shall be escorted by a qualified radiation worker
unless the visitor has satisfactorily completed
Radiation Worker Training.

Short-term visitors, such as drivers of delivery
vehicles, who do not enter Radiological Areas need not
attend Radiation Safety Training.

Other training may be required to meet OSHA and EPA
standards as determined by ES&H.

8.1.3 Open Wounds, Medical Tests with Radionuclides

5.1.3.1

The existence of open wounds shall be reported to the
Medical Department prior to work in Radiological Areas.
To minimize the potential for internal contamination the
Medical Department shall provide guidance on restriction
options. Health Physics will confer with Medical
Department, then provide vrequirements for any
appropriate restrictions. Restrictions may include
additional clothing requirements, bandage requirements

|
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or complete vrestriction from controlled and/or
Radiological Areas.

5.1.3.2 Personnel who are returning to work following tests or
therapy with radioisotopes shall report to Medical
Department. Generally, workers will be excluded from
the Radivlogical area until the radioactive material is
eliminated from the body. This is because radiation
from medical radioisotopes cannot be distinguished from
contamination by radioattive materials in the
Radiological Area, making personnel contamination
monitoring inaccurate.

5.2 Radiological Area Pos..ngs
5.2.1 General

RMIEP posting is done according to the most restrictive of
Title 10 CFR Part 20, paragraph 20.203 and DOE Order 5480.11,
paragraph 9, section K.

5.2.2 Area Posting
5.2.2.1 Controlled Area

The Controlled area shall be posted in the following
man:er:

- Controlled Area

5.2.2.2 Radiological Area

The Radiological a.ea shall be posted in the following
manner:

- Radiation Symbol

- Radiological Area
Radiological Area Clothing Required
tating, Drinking and Smoking Prohibited

5.2.2.3 Contamination Area

The Contamination area shall be posted in the following
manner:
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Radiation Symbol

Contamination Area

Contamination Area Clothing Required
Beta-Gamma Dose Rate mR/hr
Fating, Drinking and Smoking Prohibited

Airborne Radipactive Material

The Airborne Radioactivity areas shall be posted in the
following manner:

- Radiation Symbol

- Airborne Radioactivity Area

- Contamination Area

- Contamination Area Clothing Required
- Respiratory Protection Required

Radipactive Materials Area

The Radioactive Materials Areas shall be posted in the
following manner:

- Radiation Symbol

- Radiological Area

- Radiological Material Area

- Radiation Area

- Beta-Gamma Dose Rate mR/hr

- Eating, Drinking, and Smoking Prohibited

Radiation Area

The Radiation Areas shall be posted in the following
manner:

- Radiation Symbol

- Radiological Area

- Radiation Area

- Beta-Gamma Dose Rate mR/hr

- Eating, Drinking, and Smoking Prohibited

High Radiation Area

The High radiation areas shall be posted in the
following manner:
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».2.2.8

5.3 Pr i

3.3,1

Controlled Area Cicthing

- Radiation Symbol

- Radiologica: Area

- High Radiation Area

- Beta-Gamma Dose Rate mR/hr

- FEating, Drinking, and Smoking Prohibited

Very Hi Radiation Ar

The Very High radiation areas shall be posted in the
following manner:

- Radiation Symboi

- Radiological Area

- Very High Radiation Area

- Beta-Gamma Dose Rate ____ mR/hr

- Eating, Drinking, and Smoking Prohibited

lothi

3.3:1.1

$.3.1.2

9.3.2

Radiological Area

Personal clothing is permitted in Controlled areas. The
following RMIEP-provided clothing is provided for use in
the Controlled ar:as for activities that may cause
soiling of persona) clothing:

- Green protective coveralls
- Green protective smocks
Dedicated clean safety footwear
- Appropriate safety headgear and eye protection

The use of dedicated green coveralls, and smocks will be
permitted for tasxs in the Controlled area, afte- the
wearer has completed a whole body contamination frisk.

9:.3.2.1

To prevent the contamination of personnel or their
clothing, the RMIEP will provide the following special
Radiclogical area clothing to be donned before entry.

- White protective coveralls (cotton or tyvek)

- White protective smocks

- Uedicated sa2fety footwear

- Appropriate safety headgear and eye protection
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5.3.3 Contamination Area

5.3.3.1 To prevent the contamination of Radiological area
clothing, the RMIEP shall provide the following special
Contamination area clothing to be donned before entry.

- Blue disposable coveralls (tyvek)
Dedicated pull over boots
- Dedicated Radiological area safety footwear
- Additional contrel clothing as indicated by HP

5.3.3.2 Personnel shall properly dress for entry into the
Cortamination area with the designated protective
clothing listed above over the Radiological area
¢lothing. Contamination area clothing shall be used in
Contamination areas only.

5.3.4 ndr tion

5.3.4.1 lLaundry at RMIEP shall be segregated by area color at
all times.

5.3.4.2 Controlled area and Radiological area clothing shall be
shipped to WMCO for Taundering.

5.3.4.3 RMIEP laundry stored and washed at WMCO shall be
segregated by color at all times.

5.3.4.4 Monitoring shall be perforned at WMCO to assure the
laundered items comply with RMIEP contamiration limits
as specified.

5.3.4.5 Radiological area laundered clothing shall not haye
fixed contamination in excess of 15,000 DPM/100cm”,
alpha/beta.

Controlled area laundered clothing shall not have fixed
contamination in excess of 3,750 DPM/100cm®, alpha/beta.

1%,
w
-
Lo ]

5.3.4.7 RMIEP shall be notified of laundered clothing exceeding
specified limits.




~ EaNTRgttEDton
w: ]
NIUM RMI EXTRUSION PLANT revson 0 pace 43
TOMPANY EXTRUSION PLANT HEALTH PHYSICS MANUAL
CEPARTMENT SRR PHYSICS
APPRAOVED BY < EFFECTIVE DATE
//57 N SOV DOCUMENT
(e \ W nEr 91991 RN1 -L -60
[
5.4 Fo r T
5.4.1 Radiological Areas

5.5 General Rules for Work in Controlled Areas

5.5.4

5.4.1.1 Vending machines for tobacco and food shall be
prohibited in Radiological Areas.

5.4.1.2 Food, tobacco products, and beverages shall be
prohibited in Radiological Areas.

Radiclogical controls at the RMIEP are necessary in areas
where radioactive materials are handled and in areas where
potentially contaminated materials and personnel may be
located. Radioactive contamination and elevated radiation
levels exist in the production areas and waste storage areas
of the site. The following rules shall be followed by all
individuals to control or minimize radiological hazards:

- Obey promptly, "stop work" and "evacuate" orders of
Health Physics and/or Quality Assurance personnel.

- QObey posted, written and verbal radiological control
instructions.

- Wear personal dosimetry devices and air samplers as
required by this manual, signs, procedures, labels, or
by Health Physics personnel.

Maintain an awareness of personal radiation dose status
to avoid exceeding 1imits, Report prior or concurrent
occupational radiation dose tc the Health physics
Department.

Remain in as Jow a vradiation exposure area as
practicable.

- Do not loiter in radiation areas.
Eat, drink, chew, or smoke only in designated areas.

- Wear Anti-C clothing and respiratory protection
equipment properly.
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Monitor for contamination with personnel contamination
menitors, hand and foot monitors or friskers as
indicated by postings when entering a break area or
leaving any Radiological Area or Controlled Area that
requires the use of personnel monitors.

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 "ac found" or
better radiological conditions to the maximum extent
practicable.

Avoid contact with contaminated surfaces and prevent
clothing, tools, or other equipment from doing so.

For a known or possible spill of radicactive material,
minimize its spread and immediately notify supervision
and ES&H.

Report the presence of open wounds to the Medical
Department and Health Physics personnel prior to work in
areas where radioactive contamination exists. If a
wound occurs while in the work area, report immediately
to HP personnel and Medical Department.

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

5.5.2 Contamination Control

5.9.2.1

2.9:¢.8

5.6 Exiting f

An ongoing program of contamination contro! shall be
part of the commitment to quality at the RMIEP.

Genera) administrative and engineering controls and
their importance in reducing «nd maintaining
contamination at a low level are identified in Section
4. Section 7 identifies survey frequencies, limits and
decontamination methods.

led Ar n logical Ar

5.6.1 A1l anti-contamination clothing shall be removed and left for
Jaundering or disposal at the exit point from Contamination
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5.6.2

5.6.3

5.6.4

5.6.5

¢

Areas. Dosimeters shall be stored in storage rack in the
Guard House.

A1l personnel exiting from the Controlled Area must monitor
for contamination, usino the hand and foot monitors or
personnel contamination monitors and friskers provided. All
personal articles carried from the Controlled Area must be
monitored.

If an alarm is received and verified during monitoring, follow
the posted procedure for decontaminating and cbtaining HPT
assistance.

After any alarm, a whole body frisk is required. If elevated
levels of contamination are found on any areas of skin or
personal clothes, contact an HPJE. Do not leave the area, if
possible.

Vehicles, equipment, and materials being removed from the
Controiled Area are subject to contamination monitoring. A
pass card will be issued to the vehicle operator as evidence
of a contamination survey. Items with contamination greater
than approved limits will not be permitted to leave the
Controlled Area unless a conditional reiease under controlled
conditions is authorized by the ESAH manager.
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SECTION 6

REQUIREMENTS FOR WORKING IN RADIATION AREAS

6.1 Controlling Exposure in Radiation Areas
6.2 Exposure Limits for Radiation Areas
6.3 Requirements for Working in Radiation Areas

Posting Requirements

Access to High Radiation Areas

Authorization for Work in Radiation and High
Radiation Areas

6.3.4 Shielding
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6.4 Radiation Surveys

Requirements
Routine Surveys
Nonroutine Surveys
Survey Techniques
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6.0 REQUIREMENTS FOR WORKING IN RADIATION AREAS

6.1 Controlling Exposure in Radiation Areas

6.1.1

6.1.2

6.2 X
6.2.1

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 enciosures,
improved ventilation, and shielding.

A1l personnel have the responsibility of working in a safe
manner and identifying potential hazards to supervision who
shall investigate and recommend appropriate remedial actions.
RMIEP has the responsibility to provide a safe work
environment and to investigate and resolve radiological safety
concerns in a conscientious manner.

imi for Radiati r
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.

6.2.1.1 Radiation Areas are accessible areas where a major

portion of the body could receive a dose equivalent
greater than 5.0 mrem, but less than 100 mrem, in one
hour.

6.2.1.2 High Radiation Areas are areas where a major portion of

the body could receive a dose equivalent of 100 mrem but
less than 5 rem in one hour.

6.3 Reguirements for Working in Radiation Areas

6.3.1

Posting Reguirements

6.3.1.1 Radiation and High Radiation Areas are defined by the

following exposure rates:
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Effective Dose Rate
Area Equivalent at 30 cm
Radiation Area >5.0 <100 mrem/hr.
High Radiation Area >100 <5000 mrem/hr.

6.3.1.2 Radiation Areas shall be conspicuously posted by the
HPJE with the standard magenta radiation symbol on a
yellow background and the words "Radiation Area". The
posting should display any additional information which
may be appropriate in aiding individuals to minimize
exposure to radiation.

6.3.1.3 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.

6.3.1.4 High Radiation Areas shall be conspicuously posted by
the HPJEs 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.

6.3.1.5 High Radiation Areas that have posted survey dates more
than 90 days old must be resurveyed by tne HPJEs 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 stabie and not
subject to change, permanent signs may be posted with
the radiation symbol "HIGH RADIATION AREA" and
appropriate information and instructions. The use of
permanent signs shall be approved by the Manager of ES&H
or his designate.

6.3.2 Access to High Radiation Areas

6.3.2.1 The boundaries of a High Radiation Area shall be
evaluated by Health Physics personnel for all possible
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65.3.2.2

$.3.2.3

6.3.2.4

6.3.2.5

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
specifically 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 loitering cr 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:

Locking personnel in a High Radiation Area.

- 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 Authurization for Work in Radiation and High Radiation Areas

£.3.3.1

Radiation Work Permits are regquired 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).
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6.3.4 Shielding

6.3.4.1

6.3.4.2

6.3.4.3

6.3.4.4

6.3.4.5

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 eqguipment 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 ES&H Management. Removal of permanent
shielding shall not be permitted unless approval has
been obtained from the Manager of ES&H. Radiation
surveys are required any time shielding configurations
are altered.

Temporary shielding shall be used in areas where its use
is reasonably beneficial. 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
essentizal. Radiological Safety shall specify the
loca’ itns where temporary shielding is required.

Rubber matting shall be routinely used on individual
items such as an ingot. The rubber matting is very
effect ve 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 good shielding materials. Heavy plastic shall not
be used inside any building without approval of RMIEP
Safety Department. Materials with a high atomic number
(2}, 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.
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6.4 R
65.4.1

6.4.2

5.4.3

i

6.4.

6.4.

6.4

6.4

6.4

rve

The primary objective of radiation surveys is to identity
existing and potential radiation levels. This is to assure
that exposures are maintained as low as reasonably achievable
(ALARA). Survey results are utilized to:

Evaluate jobs for ALARA considerations.

Set up procedures.

Provide a baseline for trend analysis, investigation and
correction of unusual conditions.

Detect departures from operating procedures or failure
of radiation controls.

Identify the origin of radiation exposures in the plant
by location, system or component.

Requirements

2.1

2.2

Radiation surveys shall be performed by HPJEs 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.

Routin rve

3.1

3.2

%

Routine surveys shall be performed by HPJEs 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 alpha, beta, and gamma radiation.

Surveys shall be performed with instruments calibrated
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6.4.3.4

6.4.3.%5

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 1abel
and its operability verified through performance
evaluation,

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 decumented 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 readily
reconstructed and background data for radiological
engineering evaluation is readily available.

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

- Ditto marks and continuation lines are
unacceptable for repeated data.

Any corrections to a survey record shall be made
by drawing a single line through the incorrect
entry {incorrect ent-y 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 shall be completed in the same manner.

6.4.4 Nonroutine Surveys

£.4.4.1]

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

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 completion of any
modificat‘ons or changes in existing facilities
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6.4.4.2

6.4.4.3

6.4.5 Survey Techniques

6.4.5.1

that the HP 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 the HP.

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

- During removal of shielding sc that personnel are
not unexpectedly exposed to radiation.

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

After modifications to the shield or changes in
shield materiails.

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 beinj 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.

When surveying areas or eguipment where intense small
beams of radiation can be present, the radiation
detection instrument shall be wused with audible
response. An audible response is necessary due to the
lag time in meter response. The probe shall be moved
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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 compiex shield design,
surveyors shall obtain briefings on the equipment design
so that areas most likely to have small beams can be
given special attention.
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7.0 RADICACTIVE CONTAMINATION

7.1

ok

1.8

7.4

General

7.1.1 Surface contamination is radioactive dust or finely divided
radioactive particles lying loosely or fixed rigidly to surfaces
which are otherwise non-radioactive.

-4

.1.2 Surface contamination is controlled to:

minimize the potential for ingestion of radioactivity;

- minimize the potential for inhalation of radiocactivity
which could arise from surface contamination becoming
airborne;

- to minimize the potential for skin contamination which
could result in ingestion or absorption of radionuclides
or irradiation of the skin and body;

- minimize the potential for release of radicactivity to the
environment.

7.1.3 Requirements for entry and exit from Regulated and Contaminated
Areas are identified in Section 5 of this manual.

Contamination Limits and Posting Reguirements

7.2.1 Posting of Controlled, Radiological, Contaminated and RWP/SOP
Areas shall be done in accordance with RMI-L-148, RMI Entry
Control Program. Limits and entry requirements for these areas
are described in detail within this document.

Posting Responsibilities

7.3.1 HP Department shall identify all areas where posting is
required, specify sign requirements, and post all temporary or
portable signs and barriers.

7.3.2 Operations Department shall install and maintain all permanent
signs and barriers.

Barriers

7.4.1 Where loose surface contamination exceeds ten times the limits

ey

|
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of Appendix D, or at lower levels specified by HP Department to
prevent the spread of contamination, Contamination Areas shall
be isolated by barriers consisting of walls, fences, or yellow
and magenta rope. Where necessary for the movement of material,
Contamination Areas may be identified at material transfer
points by conspicuously marking the surface of the transfer
point. Signs shall be posted conspicuously for any approach to
the area.
7.4.2 Step-off pads, friskers, and receptacles for laundry, waste, and
respirators (as needed) shall be provided at exits from
Contamination Areas.
7.5 Clothing Requirements
7.5.1 RMI-L-148, RMI Entry Control Program, specifies the clothing
requirements for the various areas that comprise the RMI site.
7.6 Survey Reguirements

7

T

Surveys for contartination shall be performed on a routine basis by
Health Physics. Fregueniy requirements shall be promulgated by the
Health Physicist and shall be sufficient to maintain correct posting
of areas.

Cleaning in the Controlled Area

Cleaning methods must be selected to minimize the spread of
contamination and to minimize airborne radiocactivity. HEPA-filtered
vacuum cleaning is preferred for removing dust from floors and other
surfaces. Wet wiping is also acceptable.

P o | Decontamination Methods

When cleaning is performed to remove contamination, care must be
taken to not spread the contamination. This is accomplished by
starting at areas of low contamination and working toward areas
of higher contamination. Cleaning material shall be placed in
radioactive material receptacles as soon as its usefulness is
expired.

7.2 Sweeping

7.7.2.1 Dry sweeping is the least recommended cleaning method. It
is prehibited in Contamination Areas unless specifically
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F.7.2.2

7.7.3

allowed by a radiation work permit.

Dry sweeping in Radiological Areas shall be performed only
with the following precautions:

- The sweeper (and helper, if any) shall wear a half-
face air purifying respirator when a potential for
airborne contamination is present,

- Sweeping compound shall b2 used to limit the

potential for dust becoming airborne.

Portable Vacuum Cleaners

1.1.3.1

1:7:3:8

The spread of airborne radioactivity can be minimized by
portable vacuums with a hignh efficiency particulate air
(HEPA) filter. A1l proposed Controlled Area vacuum
systems must be reviewed by HP Department prior to use.

Portable vacuum units used for vacuuming radioactive
materials or inside of Controlled Area buildings shall be
equipped with a HEPA filter or the exhaust must be routed
to the building’s filtered exhaust system. HEPA vacuums
shall be maintained by Restoration Operations personnel.
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SECTION 8

REQUIREMENTS FOR WORKING
IN AIRBORNE RADIOACTIVE AREAS

8.1 Controlling Airborne Radicactivity
8.2 Limits for Airborne Radioactivity
8.3 Reguirements for Working in Airborne Radioactive Areas

B Posting of Areas

% Respiratory Protection

.. Authorizatien for Work in Airborne Radioactivity
Areas

8.3.4 Containment of Airborne Radicactivity

o o o
W W w

.
.
.

8.4 Monitoring for Airborne Radioactivity
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b.o REQUIREMENTS FOR WORKING IN AIRBORNE RADIOACTIVITY AREAS
8.1 roll irbor i i vi

8.1.1 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.

8.1.2 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, respiratory protection shall be used.

8.1.3 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.

8.2 Limits for Airborne Radigactivity

8.2.1 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 concentraticns present compared to the
listed vzlues. Measurement of air concentration is routirely
reported at RMIEP in units of uCi/mL.

8.3 Requirements for Working in Airborne Radicactive Areas

8.3.1 Posting of Areas

8.3.1.1 Any area within a Radiological Area where the airborne
radioactivity concentrations are greater than 0.1 DAC or
exposed to greater than in one week shall be posted by
HP personnel as "CAUTION AIRBORNE RADIOACTIVITY AREA"
and "RESPIRATOR REQUIRED."
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8.3.2
8.3.2.1

8.3.2.2

8.3.2.3

r r

If the sources of airborne contamination cannot be
eliminated, respiratory protection shall be required.
Respirators shall be used in accordance with the RMIEP
Respiratory Protection Manual (RMI-L-140).

Air supplied respiratory protection may be required if
greater than 1.0 DAC of radicactive material are
airborne in the work area at the start of work or if
there is a potential for the creation of greater than
«.U DAC airborne contaminants due to the nature of the
work. Examples would be: welding on a contaminated
cleaning up spills of dry material, and
changing dust collector bags.

surface,

Respiratory protection shall be considered whenever
grinding, or welding takes place on a
contaminated surface or when air monitoring indicates
air concentration levels exceed 25% DAC.

burning,

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

Several factors govern respirator selection.
These include:

|
..

. Respiratory eguipment protection limits.
. Availability of approved equipment.

. Facial characteristics (size, shape, etc.).

The nature and extent of the hazard.

Work requirements and conditions.

Skin reactions to the material from which
the respirator i1s made.
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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 full-face mask or hood and self-
contained breathing apparatus (SCBAs). They are
described in RMI-L-140.

b 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 listed in NRC Regulatory Guide
B.15.

The PF is defined as the ratic of the
concentration of contaminants outside the
respirator to that inside the respirator under
conditions of wuse. For exampie, if the
contaminant concentration inside a half mask
respirator is less than 10 percent of that
outside the respirator, it may be wused for
respiratory protecticn in atmospheres with a
contaminant concentration up to 10 times the
permissible exposure limit. When calculating the
exposure of individuals wearing respiratory
protection equipment from radioactive materials,
the concentration of airborne :alinactive
contaminants is divided by the protection factor
to determine actual intake. The PF is the lowest
acceptabie fit test factor (FTF) defined in RMI-
1-140.
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TABLE 8.1°
RESPIRATORY PROTECTIVE EQUIPMENT
Condition Inside Protection
1 of Fquipmen 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, 000°

Protection factor is the multiplication constant used to determine
the degree of protection from a properly used respirator (for
example, the airborne limit fer U-238 is 2 X 100" uCi/mi. A
protection factor of 10 allows entrance into an environment with a
concentration of 2 X 107" uCi/nl).

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

The equipment supplying breathing air and the air supplied shall
meet the regquirements ir 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 the Health
Physics Department.

Approved for use in environments that are immediately dangerous to
life and health.

10 CFR Part 20 Appendix A.
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8.3.3 Authorization for Work in Airborne Radioactivity Areas

5.3.3.3

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 reguired to accomplish the work (See Section
4).

8.3.4 Containment of Airborne Radigactivity

8.3.4.1

8.3.4.2

8.3.4.3

The spread of airborne contamination should be minimized
by employing a localized enclosure equipped with a high
velocity, high efficiency particulate air (HEPA)
filtered exhaust at the worksite. HEPA filtered vacuum
cleaners or portable air movers fitted with ducting and
HEPA filters may be used for this application. Personnel
are still required tc 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 Operations
Department prior to their use.

To prevent cross contamination, designated vacuums shall
be used in work areas. Hoses of vacuums used in
contaminated work areas shall have the ends taped and
tagged as radioactively contaminated after uce.

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

a. The exhaust from radiologically controlied
containments shall be HEPA filtered whenever work
is in progress in these containments to prevent
the release of air-orne contamination to the
surrounding environment.

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

¢. HEPA filters shall be installed and certified
acceptable by the Operations Department in vacuum
cleaners used for removing surface contamination.

8.4 Monitoring for Airborne Radicactivity

8.4.1

8.4.2

Air particulate surveys shall be performed by HP perconnel.
Records of the results of these surveys shall be reviewed by
the Health Physicist. 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 1iquid sampling cperations or when opening
the system in a containment enclosure equipped with a
high efficiency filter.

c. When initially entering tanks containing potential
radioactive pipiny or material.

d. Whenever airborne radioactivity Tlevels above the
acceptable 1imit are suspected.

The precise location for air samples cannot be specified for
all situations. The primary objective is to obtain "breathing
zone" (BI) air samples or general area air samples. BI 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 shall 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.




F
e AN IROHTD-€0F

_—lb-—r—w
ANIUM RMI EXTRUSION PLANT REVSION race 68
TOMPANY EXTRUSION PLANT HEALTH PHYSICS MANUAL
f oeAATVENT PR PrYSICS
APPROVED BY C, ok P EFFECTVE DATE e -
Lié/w{ 7 /W NEC 4 100 RMI-L-60
/

8.4.3

When it is determined by the Health Physics Department that an
employee has been 1in an environment where the air
concentration is equal to or greater than 40 DAC-hours, with
out a respirator, he/she will provide a "special urine

sample.” This is based on requirements of DOE Order 5480.11,
.9.2.
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SECTION 9
RESPONDING TO RADIATION INCIDENTS

8.1 Incident Response

9.1.5 Basic Guidelines
9.1.6 Follow-up Actions
§.1.7 Health Physics Response to Incidents
§.1.8 General Responsibilities of HP Department
Personnel
8.1.% Communication
. 9.1.10 Preparation
8.1.11 Area Survey and Access Control
§.1.12 Information to be obtained

9.2 Criticality Alarm

8.2.1 Immediate Action for Criticality Alarm
9.3 Radioactive Material Spills

9.3.2 Immediate Action for Radioactive Material Spill
9.4 Radioactive Materials Fires

9.4.2 Immediate Action for Radivactive Material Fires

9.5 Reporting Radiation Incidants
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NG TO RADIATION INCIDENTS

9.1 Incident Response

An incident is a sudden unexpected event requiring immediate
response to limit the impact on people, property or the
environment, Specific guidance for various types of
emergencies are outlined in the RMI Emergency Procedures
Manual, RMI-L-51. When radioactive material is involved, the
HP Department plays a major role in evaluating, controlling,
and recovering from the event. Examples of incidents
invelving radioactive materials are:

- Nuclear criticality
- Fire or explosion involving radioactive material
- Spill of radioactive material

HPJE 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.

An emergency response may be initiated by personnel observing
the event or by alarm systems.

The type of emergency determines the level of planning for
response, For example, a small radioactive spill requires
little planning for the initial response. However, when and
emergency causes a plant evacuation, preplanning for stay
time, route of re-entry, decontamination methods, etc. and the
approval of the ES&H Department are necessary for re-entry.

i idelin

9.1.5.1 The basic guidelines for emergency response inciude the
following:

Radiation exposure consideration - Total dosages
greater than 25 REM for rescue of personnel, may
be authorized by to Plant Manager only.

- Rendering first aid to injured employees - This
may be administered by members of the Emergency
Response Team, Medical Department, or other
trained personnel.
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- Attempt to stop the cause - Undue risks shall be

avoided.

- Warn other personnel - Keep unnecessary personnel

away from the event.

- Isolate the area - Instal) barriers as quickly as
possible to establish a controlled area

separating the affected area from the unaffected
areas. In determining the size of the controlied
area, the following should be considered: Gamma
(penetrating) dose rates, possible spread of
contamination, weather conditions, chemical
hazards, non-radiological hazards, and security.
Normal operation outside of the controlled area
may continue.

- Minimi { r - ftor 1initial vresponse,
unnecessary radiation exposure shall be avoided.

Survey - Define and assess the radiological
probiem 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.

9.1.6 Follow-up Action

9.1.6.1

This includes, but is not limited to, decontamination,
providing monitoring coverage, formal evaluations,
restoration, and documentation. A planned operation is
necessary of assure personnel exposures are minimized.
Any planed exposure above the occupational dose limits
requires the permission of the RMIEP Plant Manager and
the personnel who will be expected to receive the extra
exposure.

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

9.1.7 HP Department response to Incidents

9.1.7.1 The primary function of the HP Department 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 the HP
Department and by air sample monitors in or near the
event area. Radiological surveys include radiation dose
rate, radioactive contamination levels and air activity
levels.

9.1.7.2 The primary purpose of all surveys is to assure
personnel protection, to maintain exposure ALARA, and to
minimize contamination of the area and personnel.
9.1.8 neral ibiliti f rtment Per

9.1.8.1 Respond tu any potential emergency invelving radioactive
material.

9.1.8.2 Perform radiological surveys of personnel and the
affected area.

9.1.8.3 Document survey results.
9.1.8.4 Establish boundaries and access control.
9.1.9 ni jon
9.1.9.1 The primary method of communication with the HPJEs is by

telephone. However, the interplant page system and/or
two-way radio can be used.

9.1.10 Preparation

9.1.10.1 Availability of First Aid kits and Radiation
instruments.

§.1.10.2 Availability of equipment and supplies.
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9.1.10.3 Protective clothing.
9.1.10.4 Respiratory protection.
9.1.10.5 Dosimetry.
9.1.10.6 Two-way radio.
9.1.11 Area Survey and Access Control
9.1.11.1 Den protective clothing as necessary.
9.1.11.2 Approach the affected area cautiously, with instrument
operating.
9.1.11.3 Survey area to determine incident size.
9.1.11.4 Determine and establish boundaries based on dose rate,
contamination spread, and air sampling.
9.1.11.5 Establish entry/exit point of control.
9.1.11.6 Determine radiation background in staging area.
9.1.11.7 Survey personnel who have evacuated for contamination.
9.1.11.8 If applicable, segregate personnel in protective
clothing.
9.1.11.9 Set priority of survey.
- Injured personnel should be given first priority.
- Personnel in protective clothing, personnel who
evacuated surface contamination area, second
priority.
- Remaining personnel last priority.
9.1.11.10 Start air sampling.
9.1.11.11 Report survey results.
9.1.11.12 Survey all personnel and equipment leaving affected

incident area.
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9.1.12 Information to be obtained
9.1.12.1 Time of incident.
9.1.12.2 Llocation of the incident.
9.1.12.3 Nature of the incident.
9.1.12.4 What radiological information is known.
- Contamination (property & personnel).
- Dose rate.
- lsotopes involved and their solubility classes.
Air sampling data.
§.1.12.5 Availability of other personnel to support emergency
activities.
9.1.12.6 Are non-radiological hazards involved (i.e., chemicals,
explosive devices, fire, etc.)?
9.1.12.7 Plume track ng (if necessary).
9.1.12.8 Status of environmental protective actions (i.e.,

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

9.2 Criticality Alarm (See Criticality section of RMI-L-51)

Notification of a Criticality alarm will occur by means of the
Criticality Alarm system and/or announcement over the public address
system.

Immediate Action for Criticality Alarm

9.2.1

9.2.1.1
9.2.1.2

9.2.1.3

9.2.1.4

Stop any work.

Evacuate all personnel to the Emergency Assembly Area
(ES&H Building).

Assure that all personnel are accounted for and are
surveyed for contamination.

Obtain information from evacuated perscnnel on the
possible cause of alarm and location of missing
personnel .
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9.2.1.5 Establish boundaries as necessary to control access
until the source of the high dose rates have been
identified and eliminated or reduced to normal
conditions.

9.3 Radi i i 1s (See Spill section of RMI-L-51)

9.3.1 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 building.

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

9.3.2 i Acti for i ive Material Spi

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

§.3.2.2 Warn approaching personnel to remain outside of spill
area.

9.3.2.3 Evaluate the need for backup equipment and personnel.
9.3.2.4 Notify the Health Physicist.

9.3.2.5 Notify the Manager of ES&H if the spill is considered to
contain more then one pound of Uranium or if there is a

chemical release.

9.4 Radioactive Material Fires (See Fire section of RMI-L-51)

5.4.1 Uranium in any pyrophoric form shall be collected and stored
under water in a non-sealed drum.

9.4.2 Immediate Action for Radioactive Material Fires

9.4.2.1 Summon the Emergency Response team via the public
address system.
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9.4.2.2 Notify the guard on duty to call the Ashtabula Township
Fire Department if deemed necessary.

9.4.2.3 Evacuate all unnecessary personnel to a safe central
location (consider personal contamination surveys and

nasal smears).

§.4.2.4 SCBAs shall be worn by all personnel fighting the fire.
Full-face respirators with HEPA filters may be worn by
personnel required to enter and uncleared area for short
duration support of fire fighting personnel.

9.4.2.5 Warn approaching perscnne! to stay clear of area, and
away from smoke or fumes.

NOTE: The primary radiological danger during a
radiocactive fire is due to ingestion of radioactive
smoke, dust, vapors, or fumes. It is very important to
keep personnel far enough away from the site of the fire
and smoke to prevent the inadvertent inhalation of
possible airborne radioactivity. Whether inside or
outside a building, personnel should remain upstream of
2ir flow or plume.

9.4.2.6 Notify the Health Physicist.
9.4.2.7 Notify the Manager of Operations.
9.4.2.8 Notify the Safety Supervisor.
9.5 Reportin iation Inci t
§.5:.1 The Unusual Occurrence Reporting Procedure, RMI-L-117, shall
be used to report any unusual or unplanned event having
programmatic significance such that it adversely affects or

potentially affects the performance, reliability or safety of
the facility.




[
JivCONTROLLED CQE}J,

e CONTROL COPY NUMSER i
mum RMI EXTRUSION PLANT Revson 0 im- 77
COMPANY EXTRUSION PLANT | HEALTH PHYSICS MANUAL
N TR rvscs
m”h PRSI SO DOCUMENT NUMBER
:g“ & ,/;/M/ DEC 180! RM1-L-60

SECTION 10

RADIOACTIVE SQURCE CONTROL

10.1 Purpose

10.2 Scope

10.3 Requirements

10.4 Responsibilities

10.5 Accountability and Control
10.6 Records

10.7 Labeling

10.8 Training
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10.0 RADIATION STANDARD CONTROL
10.1 Purpose
10.1.1 The radiation standard controls identified in this manual are

intended to ensure that radiation standards received,
possessed, used or transferred during routine operations at
the RMIEP are accounted for, controlled, and used properly
such that exposures to these materials are kept As Low As
Reasonably Achievable. This manual provides guidance for
radiation standards accountability.

10.2 Scope

10.2.1 This section of this manual shall apply to all RMIEP radiation

standards and personnel using radiation standards.
10.3 Reguiremen

10.3.1 Sealed Radiation Standards shall be leak tested at least every
$ix months.

10.3.2 Licensed Radiation Standards shall be leak tested every six
months using a commercial laboratory to verify leak test
results.

10.3.3  Al1]l use of Radiation Standards shall be documented using a
Radiation Standard Use Log.

10.3.4 Radiation Standards are to k2 maintained in a locked storage
cabinet when not in use.

10.3.5 Licensed Radiation Standards shall be issued for use by the
RMIEP Radiation Safety Officer, or his designee, only.

10.3.6 Licensed Radiation Standards shall be used only under the

authorization of a RWP or approved procedure.

10.4 Responsibilities

10.4.1

The Manager of ES&H shall appoint a member of the HP
department staff to act as the Site Radiation Standard
Controller.
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10.4.2 The Site Radiation Standard Controller is responsible for:
10.4.2.1 Maintaining a master inventory of Radiation Standards.
10.4.2.2 Ensuring Radiation Standard Custodians understand and
comply with the requirements of this manual.

10.4.2.3 Reporting to the Radiation Safety Officer all
discrepancies with Radiation Standards.

10.4.2.4 Assigning Radiation Standard Custodian responsibilities
to individuals (usually ar area supervisor).
10.4.3 Radiation Standard Custodians are responsible for:
10.4.3.1 Performing semi annual inventories of the radiation
standards for which he/she is responsible. Loss of or
damage to sources shall be reported to the Site
Radiation Standard Controller immediately.

10.4.3.2 Coordinating with Health Physicist to have leak tests
and other functional test performed.
Note: Consumable liquid radiation standards are exempt
from the leak testing portions of this manual.

10.4.3.3 Reporting the results of these inspections to the Site
Radiation Standard Controller.

10.4.3.4 Maintaining an accurate and current log of the Radiation
Standards he/she is responsible for.

10.4.3.5 Removing from service any radiation standard found to be
within thirty days of its recertification date.

10.4.3.6 Reporting any changes in the radiation standard storage
location to the Site Radiation Standard Controller.

10.4.3.7 Ensuring knowledge of procedures pertaining to radiation
standard control is maintained, for his or her self and
any user of the radiation standards for which he/she is
responsible for.

10.4.3.8 Maintaining the Radiation Standard Use Log for the

radiation standards assigned to his/her custodianship.
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10.4.4 The Health Physics Department is responsible for:
10.4.4.1 Leak testing radiation standards.
10.4.4.2 Support inventory audits.

10.4.4.3 Review work permits and procedures concerning transport
and use of radiation standards.

10.4.4.4 Prompt notification to DOE and NRC of lost, damaged,
leaking, or stolen radiation standards.

10.4.4.5 Support acquisition/disposal/use of all radiation
standards.

10.4.4.6 Ensuring the safe handling of radiation standards.

10.4.5 Any RMIEP e¢vwployee, subcontractor or visitor bringing
radiation standard materials on the RMIEP site shall notify
the HP Department and Site Radiation Standard Controller of
this intent prior to bringing the materials on site.

.5 A ntabili a ontrol

10.5.1 A master inventory nf all radiation standards shall be
maintained and confirmed, with the assistance of the Radiation
Standard Custodians.

10.5.2 Radiation standards shall be stored in locked containers or
other steorage approved by the HP Department.

10.5.3 Radiation standards shall not be permanently moved from their
designated storage area without written permission from the
Site Radiation Standard Controller.

10.5.4 Appropriate dosimetry shall be used when handling radiation
standards.

10.5.5 At no time shall any radiation standard be left un attended
when not in its approved storage location.

10.5.6 Leaking or damaged radiation standards shall be removed from
service per Health Physics Procedures.
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10.6 Records

10.6.1 Records of radiation standard use shall be maintained at the

10.6.2

10.6.3

storage locations.

A radiation standard inventory log shall be maintained in each
storage area that shall contain the following information:
radiation standard serial number, material type (isotope(s),
physical form), radiation type, activity and date of activity,
Custodian’s name, and date of inventory.

A copy of NIST Traceability Certificates, for each NIST
traceable radiation standard, shall be maintained at each
storage area with the original certificate being filed with
the Site Radiation Standard Controlier.

10.7 Labeling

10.7.1

A1l radiation standards shall be permanently marked to permit
individual radiation standard identification as follows:

10.7.1.1 The label shall bear the radiation caution symbol and

the words "Caution Radioactive Material."

10.7.1.2 If the radiation standard is capable of delivering a

whole body dose of 1000 mR/hr or more the label shall
bear the radiation caution symbol and the words "Danger
Radioactive Materials."

10.7.1.3 The label should include the following information:

identification  number, isotopic identification,
radiation type, dose rate at surface contact, activity,
date of activity, and half life.

10.8 Training

10.8.1

10.8.2

10.8.3

A1l Radiation Standard Custodians shall have source contrel
training commensurate with risk and their responsibilities.

Any user of a radiation standard shall receive radiation
standard control training commensurate with risk and their
responsibilities as a user of radiation standards.

Health Physics shall review and concur with all training
material with regard to radiation standard control.
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SECTION 11

RADICACTIVE MATERIAL SHIPPING AND RECEIVING

11.1
11.2
11.3
11.4
11.%

General Requirements
Transportation Standards

Surveying of Shipments

Radiation and Contamination Limits

Marking, Labeling and Placarding
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11.0 RADIOACTIVE MATERIAL SHIPPING AND RECEIVING
11.1 General Requirements

11.

11.1.

11.1.

33.1,

11.1.

1.1

—
o

Radioactive materials received by or shipped from the RMIEP
shall conform to U.S. Department of Transportation (DOT), U.S.
Department of Energy (DOE), and Nuclear Regulatory Commission
(NRC) 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.

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

The Traffic Department shall notify the HPJEs when vehicles
carrying radioactive material arrive on site, are empty, are
loaded and ready for dispatch, and for preparation of required
shipping papers.

The HPJEs shall survey packages, vehicles, etc., maintain
recoras, and make required reports and notifications.

11.2 Transportation Standards
11.2.1

The Fediral DOT, through Title 49 of the Code of federal
Regulations (45 CFR), sets standards for shipping radioactive
materials. These requlations 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.
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11.2.3 The types of radioactive material shipments generally made to

or from RMIEP are; Low Suecific Activity, Limited Quantity,
and Fissile Material.

11.3 Surveving of Radipactive Shipments

11.3.1

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

11.3.1.1 Incoming packages nonexclusive use vehicle - as soon as

practical but not more than three (3) hours after
receipt during normal working hours,

11.3.1.2 Incoming exclusive use vehicle - pvior to opening.

11.3.1.3 Al1 Vehicles - after unloading.

11.3.1.4 Vehicle to be used for exclusive use - within 48 hours

of loading.

11.3.1.5 Outgoing package nonexclusive use vehicle - within 48

hours of leaving.

11.3.1.6 Outgoing exclusive use vehicles - within three (3) hours

11.3.3

11.3:3

11.3.4

11.3.5

of leaving.

Removable contamination "Swipe” surveys are condgcted using
dry filter paper. Four 100 square centimeter (cm®) areas of
each package are to be swiped. Large smooth surfaces may be
rough checked by swiping a large area with a tissue/towelette
(e.g., Kimwipe). If there is deuectable activity on the
tissue/towelette, four 100 cm° swipe will be required.

Exclusive use vehicles shall be surveyed prior to being

loaded.

Packages shall be surveyed for exposure rate at the surface
and at one (1) meter. Record the maximum reading found.

Vehicles shall be surveyed for exposure rate at the surface
and at two (2) meters. Record the maximum reading found.

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

NOTE: Because definitions of limited quantity and the
requirements for Radiocactive I, II, IIl 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.

11.4 Radiatjon and Contamination Limits
11.4.1 Limits for: Limited quantity packages:

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

11.4.1.2 Removable Contamlnat1on = 22 dpm/cm’ averaged over at
least four 100 cm’ areas (2.2 dpm/cm® if alpha emitters
other than uranium or thorium are present).
11.4.2 Package for non-exclusive use of vehicle shipment:
11.4.2.1 Surface Dose Rate: 200 mrem/hr
11.4.2.2 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.
11.4.3 Exclusive use of vehicle package:
11.4.3.1 Surface Dose Rate: 200 mrem/hr
11.4.3.2 Any "Surface" of Vehicle: 200 mrem/hr
11.4.3.3 2 Meters (6.6 ft): 10 mrem/hr

11.4.3.4 Any normally occupied position in vehicle (truck cab):
2 mrem/hr

11.4.3.5 Contamination Limits: Same as 1imited quantity packages.
11.4.4 Enclosed Exclusive use Vehicle:

11.4.4.1 Surface Dose Rate: 1000 mrem/hr
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11.4.4.2 Surface of Vehicle: 200 mrem/hr
11.4.4.3 2 meters from surface of vehicle: 1€ mrem/hr
11.4.4.4 Any normally occupied position in vehicle: 2 mrem/hr
11.4.4.5 Removable Contamination: Same as limited quantity
packages.
11.4.5 Empty exclusive use vehicles not marked "For Radiocactive

Materials Use Only," shall have an interior surface dose rate
of 0.5 mrem/hour or less 3nd 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

11.8.1

11.5.2

11.5.3

11.5.4

11.5.5

Radioactive materials received onto, or shipped from, the
RMIEP 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 radicactive material are
responsible for properly packaging, marking and labeling in
compliance with applicable rules and regulations.

The RMIEP Transportation and Materials Management shall verify
the Tabeling, marking and placarding of incomino materials,
prior to acceptance, and to verify marking and labeling of
outgoing packages or vehicles, and to placard when placards
are required on outgoing shipments.

The U.S. Department of Trarsportation (DOT) through Title 49
of the Code of Federal Regulations (49 CFR) establishes rules
and regulations for 1labeling and placarding radioactive
materials for shipment. The U.S. Department of Energy (DOE)
establishes criteria for packaging and shipping radioactive
materials through DOE Order 5480.3.

Marking: A1l packages except those shipped as either limited
quantity or LSA/exclusive use of vehicle shall be
specification containers and shall be marked in accordance
with the following sections of 49 CFR 172:

300 Applicability (what must be marked).
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11.5.6

11.5.7

7

301 General requirements (information required in the
marking).

204 Marking requirements, characteristics and Jocation(s) of
markings.

310 Radioactive materials - additional markings required 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.

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.

Placards: Any vehicles carrying a package which has a
"Radioactive Yellow III" label and exclusive use vehicles
carrying LSA must be placarded. The following sections of 49
CFR pertain to placarding.

Miscellaneous: Transportation indexes for fissile material
are given in Table 2 of 49 CFR 173.417.

11.5.8.1 Limited quantities of radicactive materials are defined

by 49 CFR 173.421, 173.421-1, and 173.423.

11.5.8.2 LSA exemptions and marking, labeling, and placarding

requirements are given in 49 CFR 173.425.

11.5.8.3 49 CFR 173.444 1lists the sections which proved

exceptions to labeling requirements.
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SECTION 12
RECORDKEEPING

12.1 Radiological Monitoring Records
12.2 Work Place Monitoring

12.3 Personnel Exposure
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12.3.3 A1l raw data, corrected data and employee external radiation
reports shall be retained in a felder labeled with the
particular guarter.
12.3.4 When extremity dosimetry is used, an extremity dosimetry

report is generated monthly by Heaith Physics with extremity
dose totals for each month.
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SECTION 13

RADIATION SAFETY TRAINING AND AUDITS

13.1 Radiation Safety Training

13.1.1 Employee Orientation
13.1.2 Radiation Worker Training
13.1.3 HPJE Technician Training

13.2 Training Records
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13.1 Radi

13.1.1

13.1.2

13.0 RADIATION SAFETY TRAINING

i f inin

Radiation safety training shall be provided to all RMIEP employees
through the Health Physics Department by the Safety Engineer/
Trainer. The scope and depth of training is a function of the
empioyee’'s work assignment.

1 ientati

A1l employees shall receive an orientation in radiation safety
within one month of their initial employment. Retraining
shail be provided when there are significant changes to
radiation protection policies and procedures 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:

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

- the risk of prenatal radiation exposure
- basic radiation protection concepts

- DOE and RMIEP radiation protection policies and
procedures

employee and management responsibilities for radiation
safety

- emergency procedures

Radiation Worker Training

Radiation worker training programs shall be established and
conducted annually 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
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assignment. The level of training in the following topics
shall be commensurate with each worker’'s assignment:

- radioactivity and radioactive decay

- characteristics of ionizing radiation

- man-made radiation sources

- acute effects of exposure to radiation

- risks associated with occupational radiation exposures

- special considerations in the exposure of women of
reproductive age

- dose equivalent limits

- mode of exposure--internal and external

- dose equivalent determinations

- basic protective measures--time, distance, shielding

- specific plant procedures for maintaining exposure as
low as reasonable achievable (ALARA)

- radiation survey instrumentation--calibration and
limitations

- radiation monitoring programs and procedures

contamination control, including protective clothing and
equipment and workplace design

self-monitoring instruments for  detection of
contamination

- bioassay and in vivo measurements
- personnel decontamination
- emergency procedures

- warning signs and alarms
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- respons1b1lities of employees and management
- interaction with radiation protection staff
13.1.3 PJE T ici raini

Radiation protection technician training programs shall be
established and conducted at a sufficient fregquency, not to
exceed two years, to familiarize technicians with the
fundamentals of radiation protection and the proper procedures
forr 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 wunder the supervision of a trained
individual. The knowledge of radiation safety fundamentals
possessed by radiation protection technicians should be
certified by examination prior to an unsupervised work
assignment. The training program should include the 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 emoloyees, radiation workers, and
radiation safety personnel shall be retained by Safety Engineer/
Trainer to document the level of understanding and proficiency of
personnel who work with radicactive materials. Certification of
successful completion of training programs and performance records
shall also be retained.




APPENDIX A

Radiation Safety Terminology

These are terms commonly used in the nuclear industry.
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RADIATION SAFETY TERMINOLOGY

DEFINITIONS

Any material that absords or lessens the intensit, af
on1zing radiation. A thin sheet of pager will ansors
alpha particles and a thin piece of aluminum wi!l
absord all except the most energetic beta particles
Concrete and steel absord gamma rays. Neutron

apsorbers (1ike boron, hafaium, 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 radiocactive by
bombardment with neutrons, protons, or otner nuclear

radiation. (See inauceq ragioactivity.)

The collection and analysis of samples of air to
measure its rodtoactiv’t! or to detect the presence of
radicactive substances, particulate matter or chemicy'
pollutants.

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

? positivnly'chargcd particle aJcctad]spontaneo?siy
rom the nuclei of some radioactive elements. [t 1s
identical to a hel‘um nucleus that has a mass number
of 4 and an electrostatic charge of +2. It has
low-penetrating power and short range. The most
energetic alpha particle will generally fail to
penetrate the skin. Alphas ars hazardous when an
alpha-emitting radioisotope is introduced into the
body.

Negatively charged fon. (See ionfzation)

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
nucl

surrounding the eus.

The number of positively charged protons in the
nucleus of an atom and the number of electrons on an
electrically neutral atom.
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atomic we:ight See mass numper, ek nes it o = ST S ;

altenyalicn

ber erel

Dicassay

biological half-life

biolegical shield

body burden

bone seeker

Bremsstrahlung

calibration

The process by which a beam of radiation is reduced 1
intensity when passing through some material. [t 's a
compination of absorption and scattering processes.

The natural radfation in man's environment. incluging
CosSmic rays and radiraticn from the naturally occurring
radicactive eiements, both outside and inside the
todies of numans and animals. An average individual
exposure from background radiation is 125 millirem ser
year in mid latitudes at sea level.

A charged particle emitted from a nucleus during
radicactive decay, with a mass equal to 1/1B37 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 neta
radiation may cause skin burns, and beta emitters are

harmful {f they enter the body. Beta particles are
eisily 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 radioactive material that might have been
deposited Tn the body. Routes of possible entry ire
innalation, ingestion or injection.

The time required for a biological system, such as
that of 3 human, to eliminate by natural processes
half the amount of a substance (such as a radicactive
material) that is present within it.

A mass of absorbing material placed arcund a reactor
or radicactive source to reduce the radiation to a

Tevel safe for humans.

The amount of radicactive 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 1t 15 introduced into the body. An example 15

strontium-90, which behaves chemically like calcium.

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

The check or correction of the accuracy of a measuring
instrument to assure proper operational
characteristiics. (See counter.)

A-2
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cask

chargeg particle
chronic exposure
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radigactive

controlled area

control room
(building)

cosmic radiation

counter

critical organ

criticality
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A hgavily shielded container used to stcre.:;E;;;nénlé |
radicactive matertals. Lead and steel are common
materiais used i1n the manufacture of casks

An
neg

ion. An elementary particle carrying a positive or
itive electric charge.
See exposure.

Predicted total dose equivalent to a given organ or
tissue over a 50 year period after an intake of &
radionuclide into the body.

A chemical combination of two or more elements
compined in 4 fixed and definite proportion by weignt .

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

A dufine? area in which the occupational exposure of
personnel to radiation or radiocactive 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 fonizing radiation, both particulate and
electromagnetic, originating in space. Secondary
cosmic rays, formed by interactions in the earth’s
atmosphere, account for about 45 to SO millirem of tne
125 mi111rem background radfation that an average
individual receives a year.

A general designation appliied to radiation detection
instruments or survey meters that detect and measure
ragiation. The signal that announces an fonization
event 1s called a count. (See Geiger-Mueller
counter. )

The body organ receiving a radionuclide or radfation
dose that results in the greatest overall risk,

A term used in radiation 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.

A colloguial term for corrosion and wear products
(rust particles, etc.) that become radioactive under a
radiation flux. (See induced radioactivity.)




cumulative dose

daughter products

decay, radicactive

decontaminaticn

depleted uranium

design-basis phenomena

detector

differential pressure

(OP)

disintegration

dose
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The‘tu;al dose resulting from repeated exposures of
ragiation to the same region, or to the whole hody,
over a period of time.

The basic unit used to describe the quantity of
radioactivity in a sampie of material. The curie 15
equal to 37 billion disintegrations per second, which
s the rate of decay of | gram of radium. 4 cuyrie 15
als0 a quanitity of any radionuclide that decays at a
rate of 37 billion disintegrations per second. Named
;g;snaria and Pierre Curie, who discovered ragium in

Isotopes that are formed by the radinactive decay of
some other radioisotope. [n the case of radium-c25,
for example, there are 10 successive daugnter

products, ending in the stable isotope lead-206.

The decrease in the amount of any radicactive 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 raciation.
(See nalf-1ife; radicactive.)

The reduction or removal of contaminating radiocactive
material from a structure, area, object, or person.
Decontamination may be accomplished by (1) treating
the surface to remove or decrease the contamination;
(2) lTetting the material stand so that the
radiocactivity 1s decreased as a result of natural

gecay.

Uranium having a percentage of uranium-235 smaller
than the 0.72 percent found in natural uranium. (See

mill tailings.)

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

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

The differences in pressure between two points of a
system, such as between the inlet and outlet of a

pump.
See decay, =adicactive.

A quantity (total or accumulated) of ionizing
radiation received. The term "dose” 15 often used n
the sense of the exposure, expressed in rcentgens,
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dosimetry

dose rate

gffective half-life

electromagnetic
(ragiation)

electron

e¢lement

enrichment
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which 15 a measure of the total amount of 1onization
that the quantity of X ray or gamma radiation coulg
produce in air. This should be gistinguisred from the
absorbed dose, gfven in rads. that represents the
energy absorted from any radiation in a gram of any
material. Furthermore. the diological dose, given in
rem, is 3 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 neen
considered. @ product of absorded dose multiplied

by a quality factor multiplied by a distribution
factor. It 1s expressed numerically in rem.

A portable instrument for measuring and registering
the total accumuiated exposure to 1onizing radiation.

(See dosimetry.)

The theory and application of the principles and
techniques involved in the measurement and recording
of radtation 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 radfation dose delivered per unit of time.
Measured, for example, in rem per hour.

The time required for the amount of a radioactive
eiement present in a living organism to oe aiminished
S0 percent as a result of the combined action of
radicactive decay and biological elimination. (See
biological half-Tife.)

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

amma_rays) of short wavelength, through the
uitra-violet, visible, and infrared regions, to radar
ind radio waves of relatively long wavelength. A1l
electromagnetic radiations travel in a vacuum with the
velocity of 1ight (See photon.)

An elementary particle with a unit negative charge andg
a mass 1/1837 that of the proton. flectrons surround
the positively charged nucleus 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 yranium.

See isotopic enrichment.
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érythema

exposure

external radiation

extremities

fissile material

fission

gamma ray
(gamma radiation)

gases

gaseous diffusion
{plant)

An abnormal redness of the skin due to distension of
the capillaries with blood. [t can be caused by many
different agents -- heat, drugs, uitraviolet rays andg
ionizing radiation.

The act or condition of being subject to the effect or
risk of a3 field of radiation or dispersion of
ragdicactive material. Acute exposure is generaily
dccepted to be a large exposure received over a snort
period of time. Chronic exposure is exposure receives
guring a4 lifetime. (See dose.)

Exposure to fonizing radiation when the radiation

source fs located outside the body.

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

generally greater than for the whole body because they
contain less blood-forming material.)

Although sometimes used as a synonym for fissionable
material, this term has acquired a more restricied
meaning; namely, any material fissionable by thermal
[slow) 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
requentiy 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 dranium. Gamma
rays are identical to X rays of the same energy.

Normally formless fluids that coupletely fill the
space and take the shape of tneir container.

A method of isotopi ration based on the fact that
gas atoms or mol cuios 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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Jeiger-Mueller counter A radiation detection and measuring instrument. [t

graphite
gray (Gy)
half-life
half-1ife,
biolegical
half-1ife,

effective

half-thickness

health physics

heat exchanger

heat sink

high radtation area

consists of a gas-filled chamoer, .ch as a tube
cantainin? electrodes, between wh. . there is an
electrical voltage but no current flowing. When
ionizing radiation in%eracts in the chamber. a short.
intense puise of rurrent passes from the negative
electrode to the positive electrode and is measured or
counted. The nuaber of pulses per second measures tnes
intensity of radiation. It was named for Hans Geiger
ind W. Mueller who invented it in the 1520s. It 13
sometimes calied simply a Geiger counter, or a G-M
counter.

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

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

1| Gy = 100 rag

The time in which half the atoms of a particular
radivactive substance disintegrates to another nuclear
orm. Measured half-lives vary from millionths of a
second to billions of years. Also called physical

half-11fe,

The time required for the body to eliminate by
physiologic processes half of the material present in
L.

The time required for a radionuclide present in a
biological system to be reduced by nalf 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 ragtation to one-half its
inftial value. This value varies with radiation
enargy and beam size and location of shielding. (See

attenuation; shielding.)

The science concerned with recognition, evaluation and
control of health hazards from jonizing and

non-fonfzing radiation.

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

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

Any area accessible to personnel, in which a major
portion of the body could receive a radiation dose of
100 millfrem (0.1 rem) in one hour. These areas must

A-7
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1on

1oni1zation

iontzati1on chamber

. ionizing radiation

irradiation

150tcpe

isotope teparation

isotopic enrichment
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be posted as "high radiation areas” and access 1nto
these areas is maintained under strict contral.

A colloguial term meaning highly radicactive.
The region in a radiation/contamination area in which

the ievel of radiation/contamination 1s noticeably
greater than in neighboring regions in the area,

See activation.

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

The process of adding one or more electrons to or
removing one or more electrons from atoms or
molecules, thereby creating ions. Hign temperatures,
electrical discharges, or ion1Zing radiations can
cause ifonization,

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

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.

Exposure to radiation.

One of two or more atoms with the same number of

rotons, but diffarent number of neutrons in thei-
nuclei. Thus, carbon-12, carbon-13 and carbon-14 are

isotopes 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-|3 are
stable, carbon-14 is radiocactive.

The process of separating fsotopes from one another,
or changing their relative abundances, as Dy gaseous
diffusion or electromagnetic.separation. Isotope

separation is a step in the isotopic enrichment

process.

A process by which the relative abundances of the

isotopes of a given element are altered, thus :
producing a form of the element that has been enriched

in one particylar isotope and depleted in its cther
isctopic forms.
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lung csunter

mass-energy equation

mass numper

mega- (M)
megacurie (MC1)

migro-

microcurie (wCi)
microsecond (us)

mill tailings

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

The unit of electrical potential 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 reauired

around a nuclear installation. The number 3nd density

of residents is of concern in emergency planning so

that certain protective measures (such as notification

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

An instrument system used to ident{fy and measure
ragicactivity in the lungs of human begins; i1t uses
heavy shielding to keep background radiation
interference low and ultra sensitive radiation
detectors and electronic counting equipment.

The equation developed Ey Albert Einstein which is
usually given as E = mcé, showing that, the energy of
a body, (no matter what form the energy takes).
varies with the product of the mass, m, of the pody
and a factor, c¢. The factor c¢, the sguare 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 1s also called the Einstein equation.

The number of nucleons (neutrons and proteons) in the
nucleus of an atom. Als0 known as the atomic weight
of an atom.

A prefix that multiplies a bastc 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 radiocactive residue from the processing of
yranium ore into zeiloucako in a mill. Although the
mi111ng process recovers about 93 percent of the
uranium, the residues, or tailings, contain several
radicactive elements, including uranium, thorium,
radium, polonium and ragon.
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milli- (m)

millirem (mrem)
millircentqgen (mR)

molecyle

menitaring

nano- (n)
nanccurie (nCi)
natural radiation

natural uranium

neytron

neutron capture

neutren chain reaction

noble gas
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A prefix that divides a basic ymit by 1000, |
A one-thousandth part of a rem. (See rem.)
A one-thousandth part of a roentgen. (See roentzen )

A group of atoms neld together by valence (electron)
forces. A moTecule 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

lonizing radiation or radigactive contamination
present 1n an occupied region, as a slfoty 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 sligntly
greater than that of the proton, and found in the
nucleus of every atom heavier than hydrogen and in two
150topes of hydrogen.

The process in which an atomic nucleus absords a
neytron.

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 1s produced by the neutrons
released By each previous fission (reactor

subcriticality.)

(2) Sustaining 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 1s 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

tnert gas. (See fission gases.)
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nuclear disintegration

nucie3r energy

nuclear fission

nuclear force

nuclear radiation

nuclear reaction

nucleon

nucleus (or atomic
nucleus); nuclei
(plural)

nuclide

occasional radiation
worker

parent

parts per million
(ppm)

See decay, radipactive.

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

See fission,

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

See radiation, 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
tut may include any other particles found to exist 1n

the nucleus.

The small, central, positively charged region of an
atom that carries essentially all the mass. Except
for the nucleus of ordinary (1ight) hydrogen, which
has a single proton, all atomic nuclei contain both
protons and ne mronf. The number of protons
determines the total positive charge, or atomic
number; this is the same for all the atomic nuclei of
4 given chemical element. The total numper of
neutrons and protons is called the mass number. (See

1sotope. )

A general term referring to all known isotopes, both
stable (279) and unstable (about 5000), of tne

chemical clomunt;.

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

A radionuclide that upon radicactive decay or
disintegration yields a spe:ific nuclide (the

daughter).

Parts (molecules) of a substance contained in a
million parts of air (or water) by volume.
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periodic table

perscnnel monitoring

pico- (p)
picocurie (pCi)

9

w

plutonium (Pu)

pocket dosimeter

positron

proportional counter

protection factor

proton

|
|UNCONTROLLED COpy |

An arrangement of chemical elements in order of
increasing atomic numper. Elements of similar
properties are piaced one under the other, yielding
groups or families of elements. Within each group,
there is a variation of chemical and physical
properties, but in guneral there 15 a similarity of
chemical behavior within each group.

The determination of the degree of radicactive
contamination on individuals using survey meters, or
the getermination of ragfation exposure rece)ved Dy
means of dosime” . .. -es.

A quantum (~r vaciec o) nergy emitted in the form of

electromag «tic raite ‘s . Gamma rays and X rays are
examples - . .. i

A prefi* tnat givoge ~48i1C unit by one trillion.
One tr 17'omt 1 aary of curie.

A cor® ‘rer luiuelly 4ad) used to ship or store
radice vy matertair, The thick walls protect the
persen Ne “ing (he contatner from radiation. Large
containers «».  moniy called casks.

A heavy, radicactive, manmade metallic element with
atomic number 94. [ts most important isotope is

ssile plutonium-239, which is produced by neutron
irragiation of uranium-238.

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

Particle equal 1n mass, but opposite in charge, to the
electron; a positive electron.

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

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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quality factor

ragd

radiac

ragiation

radiation
instrument

ragiation monitoring

ragration,

radiation

radiation

radiation

1iation

radiation
symbol

area

detection

nuclear

shielding

sgurce

standards

syndrome

warning

R

{ {
UNCONTROLLED COPY,
The principal factor by uhich’tﬁi“iB?EFEid*dﬁ!I"Tr”YS‘“J
be multiplied to obtain a Quantity that expresses. on
4 common scale for all icnizing radiations, the
viological damage to exposed persons. It is used
because some types of radiation, such as alona

particles, are more diologically damaging than otner
types.

Acronym for radiation absorbed dose. The basic unit
of absorved dose of radiation. A dose of one rad
means the absorption of 100 ergs (a small byt
measurabie amount of energy) per gram of absorbing
material,

An acronym derived from "radicactivity detection
Ingication and computation,” a generic term applying
to radiolegical instruments or equipment.

Any area, accessible to personnel, in which the level
of radiation 1s such that a major portion of an
ingdivigual’s body could receive in any one hour a dose
in excess of § millirem, or in any five consecutive
days a dose in excess of 100 millirem.

A device that detects and registers the
characteristics of fonfzing radiation.
counter.)

See monitoring.

Particles (alpha, beta, neutrons) or photons (gamma)
emitted from the nucleus of an unstable (radioactive)
atom as a result of ragioactive gecay.

(See

Reduction of radiation field by interposing a shield
of absorbing matarial between any radiation source and
i perscn’s work area or radiaticn-sensitive device.

Usually a man-made sealed source of radicactive
material used in teletherapy, radiography, as a power
source for batteries, cr in various types of
industrial gauges. Machines such as accelerators, X-
ridy units and radioisotope generators and natural
ragionuclides may be considered sources.

Exposure standards, radioa.tivity concentration guide,
rules for safe handling, regulations for
transportation, regulations for industrial control of
radiation and control of radicactive material by
legislative means.

See radiation sickness (syndrome).

An officially prescribed symbol (a magenta trefoil)
on a yellow background that must be displayed where
certain quantities of radicactive materials are
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ragigactive
10active
contamination
radicactive isotope

ragicactive series

radicactive waste

radioactivity

radiobiology
radiography

radioisotope

radiological survey

radiology

radionuc] ide

radiosensitivity

UNCONTROLLED copy|

present or where certain doses of radiation could be
received. [ts uses are prescrided by |aw.

Exhibiting radipactivity or pertaining to
ragioactivity,

:euosttion of radioactive material in any place where
it 1s not contained or wanted.

A rad1o!sotcgo.

A succession of nuclides, each of which tranfarms by
ragioactive ditintegration into the next until a
staple nuclide rosuits. The first memoer is called
the parent, the intermediate members are called

daugnters, and the final stable member is called the
eng proguct.

See waste, radioactive.

The spontaneous emission of radiation, generaily alpha

or beta particles, often accompanied by gamma rays,
from the nucloug of an unstable isotope.

The study of the effects of fonizing radiations upon
Tiving tissue or organisms.

The making of shadow images on photographic film by
the action of fonizing radiation.

An unstable fsotope of an element that decays or
disintegrates spontaneously, emitting ragiation.
Approximately 5000 natural and artificia
radioisotopes have baen identified.

The evaluation of the radiation hazards accompanying

the production, use, or existence of radipactive
materials under a specific set of conditions. Such

evaiuation 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
resuiting from expected or possible changes in
materials or equipment.

That branch of medicine dealing with the diagnostic
and therapeutic applications of radiant energy,

including X rays and radioisotopes.
A radioisotope.

The relative susceptability of cells, tissues, organs,
organisms, or other substances to the injurious action

of ionizing radfation.
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radium (Ra)
radon (Rn)
reaction
recycl =g
?'em

restricted area

roentgen (R)

roentgen egquivalent

man (or mammal)

scattered radiation

scintillation detector

or counter

secondary radiation

shielding

sievert (Sv)

T o St

-
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A radioactive metallic element ith atomic AjmbEr-ee-
As founa in nature, the most common isotope has g mass
number of 226. It occurs in minute guantities
associated with yranium in pitchblend, carnotite and
other minerals.

|

A radicactive element that is cne of the heaviest
gases xnown, ts atomic number 1s 86, and its mass
number is 222. It 1s a daugnter of radium.

Any process involving a chemical or nuclear change.

The reuse of fissionable material after it has been
recovered by chemical processing from spent or
depleted reactor fuel, re-enriched and refabricated
into new fuel elements.

Acronym of roentgen equivalent man. The unit of dase
of any ionizing radiation that produces the same
biological effect as a unit of absorbed dose of
ordinary X rays. (See guality factor.)

Any area to which access is controlled for the
protection of individuais from exposure to radiation
and radicactive materials.

A unit of exposure to lonfzing radiation. [t is that

amount of gamma or X rays required to produce ions
carrying 1 electrostatic unit of electrical charge 1n
| cubic centimeter of dry air under standard
conditions. Named after Wilhelm Roentgen, a German
scientist who discovered X rays in 1895.

See rem.

Radfation 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.

The combination of phosphor, photomultiplier tube.
and associated electronic circuits for counting light
emissions produced in the phosphor by ionizing
radtfation. (See counter.)

Radiation originating as the result of absorption of
other radiatfon in matter. [t may be either
electromagnetic or particulate in nature.

Any material or obstruction that absords radiation and
thus tends to protect personnel or materia rom the
effects of fonizing radfation.

A unit, in the Internatinnal system of Units (S5I), of
dose equivalent. | Sv = 100 rem
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soluble

somatic effects of

radratien

special nuclear
matertal

spent (depleted) fuel

source material

w
O
L
©
o
o

stable

me

vy
I
3%
S
ey

subcritical mass

survey

survey meter

tailings, tails

tenth thickness

terrestrial radiation

thermalization

toxicoliogy

UNCON

Readily dissolved in body fluids.
Effgcgs of radiation limited to the exposed
individual, as distinguished from genetic effe-ts.
which may also affect subsequent unexposed
generations,

Includes plutonium, uranium-233, or uranium enriched
in the 1sotopes uranium-233 or yranium-235.

Nuciear reactor fuel that has been used to the extent
that 1t can no longer effectively sustain a chain
reaction.

Any physical or chemical form of uranium or thorium or
ores which contain by weight 0.05% or more of uranium
or thortum.

An isotope that does not undergo radicactive decay.

The period during which personnel may remain in a
restricted area before accumulating some permissible
exposure.

An amount of fissionable material insufficient in
guantity or of improper geometry to sustain a fission
chain reaction.

A study to (1) find the radiation or contamination
level of specific objects or locations within an area
of interest; (2) locate regions of higher-than-average

intensity; 1.e., hot spots. (See personnel
menitoring.)

radfation detection instrument especially

Any portable
adapted to establish the existence ang amount of

fonizing radiation present. (See counter.)

See mil] tailings.

The thickness of a given material that will decrease
the amount (or dose) of radiation to cne-tenth of the
amount incident upon 1t. Jwo-tenth thicknesses will
reduce the dose received by a factor of 10 x 10; i.e..
100, and so on. (See shielding.)

The portion of natural radiation (background that is
emitted Dy naturally occurring radicactive materials
in the earth.

The process undergone by high-energy (fast) neutrons
is they lose energy by collision. (See neutron,
thermal.)

Is the study of the adverse effects of chemicals on
Tiving organisms.
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1
tritium {“H)

yltraviolet

Jnrestricted area

unstable i1sotope

granium (U)

yranium enrichment

uranium millings
(tarls)

vapor

waste, radicactive

whole-body counter

whole-body exposure

wipe sample
(swipe or smear)

A radicactive fsctope of hydrogen (A& pgroton, two
neutrons). Because 1t 1S chemically identical to
natural hydrogen, tritium can easily be taken inio tha
body by any inhalation, ingestion or absorption path.
Decays by beta emission. [ts radicactive half-life ¢
about 12 1/2 years. o

£lectromagnetic radiation of a wavelength between the
shortest visible violet and low-energy X rays.

The area outside the owner-controlied portion of a
nuclear facility (usually the site “oundary).

A radicisotope.

A radifoactive element with the atomic number 92. and
as found in natural ores, has an atomic weight of
approximately 238, The two principal natural isotopss
are uranium-235 (0.7 percent of natural uranium),
which is fissle, and uranium-238 (99.3 percent of
natural uranium), which 1s fissionable by fast
neutrons and is fertile. Natural uranium also
includes a minute amount of uranium-2.4,

Se¢ fsotopic enrichment.

See mil) tailings.

The gasesus form of substances that are normally in
liquid or solid form.

Solid, liquid and gaseous materfals from nuclear
operations that are radioactive or become radicactive
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 | microcurie per gallon or cubic
foot), or intermediate leve elween these extremes).

A device used to identify and measure the radiation in
the body (body burden) of human beings and animals; it
uses heavy snieiding 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. Whare a rg%loisotog! is uniformly
distributed throughou 0 y tissues, rather than
being concentrated in certain parts, the irradiation
can be considered as a2 whole-body exposure.

A sample made for the purpose of determining the
presence of removable radiocactive contamination on a
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X rays

yellowcake
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surface. It {s done by wiping, with slight pressyre,
a prece of snft filter paper over a representative
type of surface area. It is alse known as a "swipe
sample.” May also be called "smears” at some
facilities.

Penetrating electromagnetic radiation (photon) having

a wavelength that 1§ much shorter than that of visiple
light. Thase rays are usually produced by excitation
of the elestron field around certain nuclei. In
nuclear reactions, it ;s customary to refer to photons
originating 1n the nucleus as gamma rays, and to those
originating in the electron field of the atom as X
rays. These rays are sometimes .alled rogntgen rays
after thetr discoverer, W. K. Roentgen.

A product of the uranium miliing 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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APPENDIX B

Derived Air Concentrations (DAC)
for
Controlling Radiation Exposure to Workers at DOE Facilities

[From DOE Order 5480.11, Radiation Protection for Occupational Workers,
(11/30/88), U.S. Department of Energy.]
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DERIVED AIR CONCENTRATIONS FOR CONTROLLING

AT ‘ AT

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 limit of 5 rem (0.05 Sv) or a nonstochastic (organ) dose limit of S50 rem
(0.5 Sv) per year, whichever is more limiting. (Note: the 15 rem [0.15 Sv]
dose limit for the lens of the eye does not appear as a critical organ dose

lTimit.)

DOE 5480.11

Table 1 contains five coiumns of information: (1) radionuclide; (2) innaled
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 greate- than 100 days for class Y (years). The
DACs in Table 1 are listed by radionuciide, in order of increasing atomic
mass. and are based on the assumption that the particle size distribution of
the innaled 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 distribution is known to
differ significantly from 1 um, appropriate corrections (as described in the
DOE report Internal nversion Factors for Calculation of h
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 . 2000-hour work
year, as defined by the ICRP in its Publication No. 23.¢

(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 lo. 3.

1/ U.S. Department of Energy (DOE). 1988. Intern rsion
F rs_ for i f h lic. 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: (imits for Intakes of Radionuclides by Workers.
Parts | to 3 and Suppiements 2(3/4) througn 8(4), Pergamon Press, New
York, New York.
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OOE 5480.11

The DAC values are given for individual radicnuclides. For known mixtures of
radionuclides, the sum of the ratio of the observed concentration of a
particular radionuclide and its corresponding DAC for all radionuclides in the
mixture must not exceed 1.0,
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OCE 5480.1!

Radianuc!{de

Ca-41
Ca=4$
Ca=47

Sc-43
Sc-ddn
Sc=d4
Sc-4f
SCwd7
Ccw48
Sc-49

Ti-d44
Ti1-45

V=47
V=48
V=49

Cr-48
Cr-49
Cr-51

Mn-51
Mn=52n
Mn=52
Mn-53
Mn-%54
An-58

Fe=52
Fe-%%
Fe=%3
Fe=60

Co=-55
Co=56
Ce=-57
Co=-5énm
Co-58
Co=€0m
Ce=-60
Ce~-61
Co-62m

l
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Inhaled Afr « Luna Retentien flass

0

(WCi/mi)

(Hc’/EE’

-

2.E-06
3.E-Q7
4.E-Q7

Y

(uCt /wl )

1.E+086
4.E~05
8.E~C6

1.£-06
8.E-08
3.E-07
3.E-Q0S
3.E-07
1.£-03
1.£-08
2.E~0S
7.E-08

Stocnastic
ar Crganl/
(0 N -7 %)

/€ /
/St/
/St/

/o /5%
/5%
/5%
/St
/5t
/5%
/5%

G S G

-
st/sL/st

st/5t/St
st/st/
st/5L/
8s/st/
St/St/st
St/St/St
St/5t/St
sL/st/
St/st/
St/sv/
BS/St/
st/st/
st/st/
st/st/
st/sty
St/s8L/
st/st
/73%/8¢

/S%/S%
/SL/85¢%
/SL/St
/St/5t
/st/st
/5t/5t
/St/st
/S%/5¢t



Radionuclide

Ni-58
Hi-55
Ni=%7
Ni=%7
Hi=3g
N1=3G
LAR %
Ni=83
LAY
LAES %
Ki=68
N{~66

Cu=60
Cu=dl
Cu=64
Cu=67

in=§2
n=43
In-65
in-69%
in=69
in=71m
in=72

Ga=65
Ga=66
Ga=67
Ga-68
Ga=70
Ga~72
Ga=73

Ge~66
Gewd?
Ce-68
Ce-$3
Ce=7]
Ga~75
Ce=77
Ge=78

As~-69

(Inorg)
(Vapor)
(Inorg)
(Yapor)
(Incrg)
(Vapor)
{Inorg)
(Vapaor)
(Inorg)
(Vapor)
(Incrg)
(vaper)

UNCONTROLLED SQPY;
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Inhgled Afr « Lung Retantion Class

4] W Y
(uCi/mt ) (LCt rwt ) (L€ /- )
8.E-07 S.E=Q7 -

o 30“07 »
2.£-06 1.E-06 -

- 30"’“ -
2.E-06 3.E~08 -

- .-E-O’ -
7.E-Q7 1.£-06 -

- 3.E~Q7 -
1.£-03 1.E-Q3 -

- 7.E~06 -
7.E-Q7 3.E~Q7 -

- 1.E-08 -
4.E-05 S.E~QS 4.E-08
1.E-0S 2.£-QS 1.E~05
1.E~Q3 1.E~Q8 9.E~0o
3.E-06 2.E-06 2.E~06

- - 1.E~0é

- - 3.6-08

o - 1.E-07

- - 3.E~0e

- - €.E~CS

- o ’0:‘0‘

- - S.E=~Q7
7.E-08 8.E-08 -
1.E~06 - 1.E~Dé
6.E~06 4.E-08 -
2.E~08 £.E~Q8 -
7.E-03 I.E"OS -
2.E~08 1.£-08 -
6.E~06 6.E~06 -
1.E-08 8.E~-08 -
4.E-08 4.E-Q8 -
2.5-06 ‘.E-O. -
6.5-08 J.E=-0f -
20:‘0‘ 2.:4’ -
3-("03 Jotqs »
4.E~06 2.E~06 -
9.E~06 9.E~06 -

- 3.E-08 -

Staochastic

or Crganl/

(B /N /Y

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
sSt/st/st

/St
/5%
/St
/St
/5%
/5t
/St

N N

St/sty
st/ /st
st/sty/
st/syy/
st/sty
st/sv/
st/svy/

st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/
st/st/

/St/




Radionucifde

Inhaled Ai» « Lung Retention Class
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(€l /mi)

As=70
Ag=71
Ag-72
Ag~72
Ag-74
Ag=76
As«77
As~78

Ce-70
Se-71n
Se-713
Se-7%
Se~79
Se~dlm
Se-§1l
Se-82

Br-74n
Br-74
Br-7%
Br-76
Br-77
Br-80n
Br-80
Br-82
Br-&3
Br-a4

Rb=79
Rb-8in
Rb=81
Rb~82m
Rb=83
Rb=g84
Rb~86
Ab=87
Rb-88
Ab=-89

Sr-80
Er-gl
Sr-83
Sr-8%n

w

{uCl/m)

2.E-08
2.E-06
6.E~Q7
7.E«Q7
3.E-07
§.E-07
2.E-06
9.E~06

2.E~Q3
6.E-05
7.E-06
30:’07
2t£'°7
3.E~QS
1.E-Ce
3.£'05

2.E=-Q0S
3.E-08
2-["03
2.E~06
'.5-05
6.£-06
9.E-05
2.E~06
305‘05
3.E-08

L I I R R T

(uC1/m)

5 0 4 a's%s s B

s s
M Mmmm
'
800

LEaE &)

A D e
1
&

Stachastic
or Crganl/
(0 2 M 72 Y)Y

/5%,
/St/
/S%/
V3174
/5%/
/St/
/St/
/587

st/st/
st/St/
St/SL/
st/st/
st/st/
St/sy/
St/sv/
st/Se/

st/sty
st/sv/ -
st/sv/
st/sv/
st/st/
StL/svy/
st/st/
st/sY/
sL/st/

Ce /8 4
w-i -]

st/
st/
st/
st/
S/
st/
st/
st/
st/
st[’

\\\\\\\\\~\

st/ /st
st/ /st
st/ /st
st/ /st



Radionuc)1de

Sr-gs

Sr-é’m

Sre-8g
Sr=%Q
Sr-91
Sr-g2

Yelbm
Y-86
Y~87
Y-88
Y=-5%0w
Y=50
Y~Glm
Y81
Y=52
Y-83
Y54
Y=-35

ir-a6
lr-88
ir-8g
Jr-93
ir-9%
ir=-97

Nb-88
Nb=-89
Kb-89
Nb=-90
Wo-S3m
ND«G4
No=-9%m
KD=95
M-8
Kb=-97
HD=-98

Ho=%0
Mo=-32m
Ho=-93
Ho-99
Ho-101

(66 min)
(122 »in)

UNCONTROLLED:GOR%

Inha)od Alr o Lun g Retention c1.a Stochastie
or Crganl/
(hct ) - (uct (!kl (HC’ (0 /v /Y

1.E<06 - 7.E-07 st/ /st
2. E~08 - 8.E~08 st/ /St
3.E=07 - 6.E-C4 st/ /St
8.E-09 - 2.E~09 8BS/ /St
2.£=06 - 1.E<Cs st/ /St
4. E-06 - J.E~Co st/ /st
- 2.E-08 2.E-05 /St/s¢t
- 1.E-06 1.E=06 /St/5t
- 1.:*0‘ I-E-OO /Sf./st
- 1.E-07 1.E~Q7 /S%/8¢
- S.E-06 8.E-0é /5t/5%
~ 3.E-07 3.E-Q7 /St/8¢
- 1.£-04 7.E-Q8 /St/St
- 7.E-08 $.E-0s /St/St
- 3.E-06 3.E-06 /St/st
- 1. E=06 1.£~06 /St/st
- 3.E-08 3.E-08 /St/st
- 6.E-08 6.E~0S /St/st
2.E~08 1.E-08 1.E-08 $t/st/st
9.£-08 2.E-07 1.£-07 St/st/St
2.E~08 1.E-06 1.E-06 St/St/st
3.£-09 1.E-08 2.E-08 BS/BS /BS
§.E-08 2.E=07 1.E-07 BS/St/St
8.£-07 §.E-07 $.E-07 St/St/st
- 1.E~04 9.E~03 /5t/st
- 8.E-08 7.E~06 /St/St
- 1.E=06 1.E-0e /St/5%
- S.E~Q7 7.E~Qs /St/St
- 8.E~Q8 6.E~09 /St/5¢
- 1.E-06 9.E~07 /SL/5t
- S.E~07 $.E<07 /St/5t
- 1.E~08 1.E-08 /St/St
- J.E~08 3.E~038 /St/St
- 2.E-08 2.E-03 /St/St
3.E-06 - 2.E-08 st/ /st
7.E-06 - 6.E~08 st/ /st
2.6-08 - 7.E-08 st/ /st
1.E~08 - 6.E~07 st/ /st
8.E-08 - 6.£~03 st/ /st

11



Radionuelide

OCE $480.11

Te=-91m
Te=53
Te~G4nm
Te=-G4
Tc-56m
Te-56
Te=97m
Tec~87
Tc=-58
Te=-3Sm
Te-58
Te=101
Te~104

Ru~S4
Ru=§7
Ru=102
Ru=108
Ru=106

Rh=9%m
Rh«-8%
Rh~100
Rh=101m
Rh=101
Rh=102m
Rh=102
Rh=103m
Rh=10%
Rh=106m
Rh=1C7

Pd-100
Pg-101
Pa~-103
Pa-107
Pa-109

Ag=102
Ag=-103
Ag~10én
Ag-104
Ag~10S$

!
fUNCONTROLLED COPY

Inhaled Afr « Lgng Retention Class

0

(uCi/m)

7.E-Q08
J.E-QS
2.E-Q3
8.£-06
1 -“O‘
1.E-Q6
J.E~Q6
2.E~Q03
7.E=07
6.E~0S
2.E-06
1.E-04
3.E-03

2.E-03
8.E£-06
7.E-07
6.E~06
4.E-08

2.£-03
1.E-06
2.E~06
3.E-C6
2.E-07
2.E=Q7
4.E-C8
¢.€-04
S.E~Q6
1.E-Q3
1.E-Cs

6.£-07
1.£-08
J.E-Q6
9.£-06
3.E-06

8.E~-05
4 . E-QS
4.E-08
3.E-08
4. E-Q7

W

(uCi/m)

1 .E-'OC
4. E-Q3
¢.E-08
1.£-C5
1.E-04
9.E-Q7
S.E=Q7
2 .E'O‘
1.E-07
1.E-04
3.E-Q7
2.E~04
4.E-03

3.E-03
3.£-06
4.E-07
6.£-06
2.E-08

3.E-08
9.E-07
2.E-06
3.E~Q6
J.E~07
2.E=-07
7.E-Q8
S.E~C4
J.E-06
1.E=-C5
1.E-Q4

3.E-07
1.E-038

2.5-0‘-

J.E-06
2.£-06

9.E-05
6.E-03
S.E-05
6.£-05
7.E-07

Y

!ugflmL!

Stochastic
er Crganl/
(D /M 7 V)

St/st
St/sy/
st/sy/
st/s/
st/st/
st/st/
SW/sSt/
st/st/
st/sv/
St/St/
SW/St/
st/se/
t/s%/

st/sL/st
st/su/st
st/st/Sst
sSt/sL/st
st/st/st

St/st/st
st/st/St
St/st/st
St/st/st
st/st/st
St/5% /5L
SL/SL /8%
St/St /St
st/sv/St

St/sL/8t

st/s%v/st

sSt/st/st
sSt/st/se
st/st/st
K /St/st
L/St/5%

st/st/st
St/st/St
st/st/st
st/st/st
St/st/st



UNCONTROLLED (@'¥4s0.11

e A A ————sto

Inhaled Alr « (ung Retention Clasy Stochastic
0 W Y or Organl/
Radionuc]ide (HC1/nL! {ggffle (€1 /) (0 /N 7 V)
Ag=106m J.E-Q7 4 .07 4. E~Q7 St/St/st
Ag=106 7.E-Qs 9.E~08 B.E-08 St/St/st
Ag~108w 8.E-Q8 1.E=Q7 1.E~Qs Sct/st/st
Ag=110w 6.E£-08 8.£-08 4.E~Ca St/st/st
Ag~111 7.E-07 4.E-07 4.£-07 L /st/st
Ag=-112 1. E-06 4. E-06 4. E~0s St/st/st
Ag=1135 4. E-Q5 4. EQ3 J.E~Q% St/s%/St
Cd=-104 3.E-Q8 S.E-QS S.E~0S St/st/st
Cd=107 2.E=08 2.E~Q8 2.E~0%8 St/st/st
Cd-109 1.E~Q8 S.E~08 J.E~Ca K /K /St
Cd=112m 1.£-09 4. E-09 5.E~09 K /K /5t
Cd=113 9.E-10 3.E-09 6.E~09 K /X /st
Cd=1l%m 2.E~Q8 S.E~C8 6.E~08 K /St/st
Cd=11S8 6.£-07 S.E=Q7 6.E~07 St/St/st
Cd=117m 3. E=~Q8 © T.E~06 6.E~06 St/st/st
Cd=117 3. E-086 7.E~06 6.E-06 St/st/st
In=109 2.E-03 J.E-08 - St/st/
In~110 (65 min) - 2.E=-QS 2.E~Q0S8 - st/st/
In=110 (S h) 7.E-06 8.E-08 - St/st/
In=111 J.E~06 J.E~06 ~ st/st/
In=112 J.E=Q4 J.E~O4 - st/st/
In=112m §.E~QS 8.E~03 - st/st/
In«]llém J.E=C8 4.E-08 - st/st/
In=115= 2.E~Q8 2.E-Q8 - st/svy/
In-]lém J.E-Q8 J.E=-08 - St/st/
In=117 7.E-Q8 §.£-08 - st/st/
In=il5« 3.E-08 6.E-Qf - St/st/
Sn=110 3. E-08 S.E-086 - st/sty/
Sn=111 9.E-08 1.E-04 - st/st/
Sn=1123 3.E-Q7 2.E~Q7 - st/sty
Sn=117w 3. E=Q7 8.E~07 - Bs/sty
SnellSs 1.E-08 4 .E-Q7 - st/st/
in=121lm 4.E-Q7 2.E=07 - st/st/
Sn=121 6.E-08 S, E-08 - st/sty
Sn=123m J.E~Qs 6.E-05 - St/3y/
Sn=123 J.E-Q7 7.E~Q8 - st/st/
Sn=-123% 4. E~Q7 2.E-Q7 - st/st/
Sn=128 2.E-Q8 J.E~08 - st/st/
Sn=-127 8.E~06 8.E-06 - st/st)



00E £480.11

Raadfeonuc!ide

UNCONTROLLED COPY

Sn-128

Sb-1135

Sb-libm

Sb=-116

Sb=117

Sb-118m

Sh-119

Sb=120 (16 min)
Sb-120 (8 d)
Sb-122

Sb-l24m

Sb-124

Sb-123

Sb~1ZEm

Sb-126

$b=127

Sb-128 (9 h)
$b-128 (10 min)
Sb-129

Sb-13C

S$b-131

Te~116
Te-121lm
Te-121
Te-122m
Te=123
Te~125m
Te=127m
Te-127
Te=129n
Te=129
Te=13ln
Te-131
Te=132
Te=132m
Te=132
Te~134

I-120m
1-120
[-121
i-123

Inhaled Af{r - Lung Retenticn Class Stochastic
0 W ] or Crganl/

(4G rm ) (uCt /i) (BC1 /wi ) (B /W 2 Y
1.E-08 1.E-08 . st/st/
1.E~04 1.E~04 . b
3.E-08 6.£-08 - St/St/
1. E=O4 1.E~04 - St/St/
9.£-08 1.E=04 . /e
8.E-06 9.£-06 - st/st/
2.E-08 1.E-08 . st/st/
2.£-04 2.£-04 - st/st/
9.£~07 6.£-07 " St/3%/
1. E-06 4. E-07 - St/St/
3.£-04 3.E-04 - St/st/
¢.E-07 1.£-07 » st/sy/
1.E=06 2.E-07 - st/sv/
8.E-08 8.E~05 - st/st/
4.£-07 2.£-07 - g b
9.E~07 4.E~Q7 - st/se/
2.E-06 1.E-06 - st/st/
2.E=04 2.E-04 - st/st/
4 .E_o‘ 4.£E-08 - St/’St/
3.6-08 3.£-08 " $L/3t/
1.£-08 1.£-08 - T/
9.£-06 1.E-05 - st/st/
8.£~08 2.6-07 - BS/St/
2.£-06 1.£~06 : $t/3%/
9.E-08 . E=Q7 - BS/St/
8.£-08 2.£-07 - Re7887
1.E~07 1.£-07 - 8s/st/
9.£-06 7.E-06 - st/sv/
3.£~07 1.£-07 * bbb
3.E~08 3.£-08 - St/sv/
2.£-07 2.£~07 - T/T/
2.E-06 2.£-06 - Ty
9.£~08 9.£-08 - A )
2.E~06 2.E~06 - T /T /
9.£-06 9.£-06 - T /T
1.E~08 1.E-08 - LA
9.£-06 - . 2/ /
. E~06 - ’ &
7.£-06 - » IR
1.£-06 - . 149



UNC NCONTROLLED COPYI 00 5460.1.

SR i

. Inhaled Afr « Luno Retention Class Stochastic

[+) . Y or Organ}/

Radfonuc!ide (i ) LuCt ) 1 /wd ) (0 /W / Y
[=124 2.E-0a - - L i SO
[-128% J.E=Q8 - - L Y N
I=126 1.E~O8 - - T/ /
I-128 J.E-QS - - s/ /
1-129 4 E-0% - - T/ /
1-130 3.E-07 - - T/
[-131 2.E=-08 - - ) 8 A
[-132m ¢ E-D06 - - ¥ P
I-132 J.E-06 - - S A
I-133 1.E=Q7 - - oy
=134 2.E=Qf - - £ 7 /
1-135 7.E=07 - - L IR
Cs~-123 §.E~08 - - -1 T
Cs=127 4 . E-QS - - st/ /
Cs-129 1.E-Q8 - - st/ J
Cs~130 8.E-QS - - st/ J/
Cs-131 1.E=Q8 - - st/ /
Cs-122 2.E~06 “ - st/
Cs-13ém -  B6.E~QS - - - sty /
. CS=-134 : 4. E-08 - - st /
Cs=135m 8.E«Q3 " . - - st/ /
Cs=-135 S.E=Q7 . - - st/ /
C3-138 3.E=Q7 - - st/ /
v8=137 7.E=Q8 - ~ st/ /7
Cs=-]38 c.E~Q8 - - st/ /
Ba~]128 §.E~08 - - st/ 7
Ba-120 7.E~Q7 - - st/ [/
Ba=lllm 6.E-04 “ - st/ /
Ba-131 3. E-08 - - st/
Ba-1l2m 4 . E-O8 - - st/ /
B8a-133 J.E=07 - - st/ /
Ba-13tw 5. E=08 - - st/ /
Ba=139 1.E=Q05 - - sty /
Ba=140 6.E~Q7 - - st/ /
Ba-14] J.E~-Q8 - - st/ 7
Ba-l42 §.E-Q05 - - st/ /
La=131 3.E=-QS 7.E-Q8 -~ st/st/
La=132 4.E-06 J.E=06 - st/st/
La«133 4.E~-Q3 4. E~Q3 - st/st/
La=137 3.E-Q8 1.E<Q7 - L /€ /
La=138 2.E~0% 6. E~09 - st/sey




DOE 5480.11 UNCONTROLLED COPY

. Inhaled Afr = Lung Retention Class Stochastic
° w Y or Crganl/
Radionuc)ide (gCi ) Ilez:al (uCind ) (0 7 & 7 ¥v)
La=140 $.£-Q7 3.E-Q7 - st/se/
La=141 4.E~Q6 3.E~06 - st/st/
La=142 9.E~06 1.E-0s - st/st/
La=143 4.E-08 4.E~03 - st/se/
Ce-134 - 3.£-07 3.E=Q7 /St/S%
Ce~133 - 2.E-06 2.E-Q6 /St/St
Ce-127m - 2.E~06 2.E-06 /St/st
Ce-137 - 6.E-0S S.E-08 /St/St
Ce=138 - 3.E-07 2.E-07 /S%/8%
Ce-14] - 3.£-07 3.E-07 /St/St
Ce=143 - 8.£-07 7.E-07 /St/5t
Ce=ldd - 1.E~08 §.E-09 /5%/8%
Pr-126 - 1.E-04 9.E~05 /St/S%
Pr-137 - 6.E-03 6.E~0S5 /St/St
Pr~128n - 2.E-08 ¢.E-QS /S%/5%
Pr-139 - S.E-08 3.E~Q08 /St/8t
Pr-142n - 7.E~08 6.E-05 /St/5t
‘ Pr-142 - 8.£-07 8.E-07 /St/St
Pre143 - 3.E-07 3.E~07 /5875t
Pr-144 - $.E-08 5.E-08 /St/St
Pr-145 - ¢.E-06 3.E~Q6 /S%/S%
Preidy - 8.£-03 8.E-05 /St/S%
Na-12§ - 2.E-08 2.E-QCS /St/St
Nd-138 - 3.E-06 2.E-06 /St/8%
Ng=-139nm - 7.E~06 §.E-Q6 /St/St
Ng-139 - 1.E=Q4 1.E-Q4 /St/S%
Nei=141] - 3.E-04 J.E-Q4 /SL/8%
Na-147 - 4.£-07 3.E-07 /St/8%
Ka-149 - 1.E~03 1.E-08 /St/S
Ng=151 - 8.E-0S 8.£~05 /St/st
Pm-141 - 8.E-03 7.E-J8 /S%/8%
Pro—-142 - 3.E-07 3.£-07 /St/st
Pr=144 - S.E~-08 3.€-08 /St/se
Pr=145 - 7.E-08 8.£-08 /85/5%
P46 - 2.E~08 2.E-08 /St/st
Pa-147 - 6.E~08 6.E-08 /BS /5%
Po-l48m - 1.£-07 1.E=-Q7 /St/8%
Pm-148 - 2.£-07 2.E-Q7 /SL/8%
Pa-143 - 8.E~07 8.£-07 /5t/8%
Pm=150 - 8.£-06 7.E~06 /St/St




Radiomuclide

Fe=]51

So=ldln
Sw=14]
Sw=142
S48
Se-l46
Sm=]47
Se=151
Sm=1252
Sa-l25%
S 56

Eu=145

Eu~l46
Eu=147

Eu-l48

Eu-l4g
Eu=1350 (12 n)
Eu=130 (34 yr)
Eu=152w
Eu~-1352

Eu=-154

Eu~155%

Eu~1%6

Eu=-157

Eu-128

Gd-141
Gd=146
Gd=147
Gd-148
Gd=~149
Ga-131
Gd-132
Cd=133
Ga=1359

Th=147
Th=149
Th~150
Th=-151
To-153
Th=154

(LCi/ml)

!lilllilll

7.E-Q8
3.E-C8
.E-08
3.E~12
9.6~07
2.E~07
4.E-12
§.E-08
3.E~0¢

;
'UNCONTROLLED COPY

Inhaled Afr - Lung Retention Clasy
D

LHE.'\"_';).L&Y&).

é E-08

4.E-08
7.E-08
l1.E~QS
2.E~07
1.E-11
2.E~11
4.E-08
1.E~08
9.£-08
4.E-08

8.E-07
S . E=Q7
7.E=07
2.E-07
1.E-06
J.E-08
8.E-09
3.E~06
1.E~Q8
8.E-09
4.E~08
2.E~07
2.E~08
2.E-03

7.E-08
1.E-07
z.‘%
1.E~11
1.E-08
3.E~Q7
2.E~11
3.‘*’
2.E-0s

1.E~08
3.E~07
S.E~06
4.E-08
3.E~D6
2.E-06

1.E-ud

L B I

Stochastic
or Organl/

s W/ Y

/St/St

/St/
/St/
/St/
/St/
/BS/
/8S/
/88/
/St/
/st/
/st/

/5t/
/5ty
/St/
/5t/
/S%/
/St
/st/
AY
/5%/
/S%/
/BS/
/5t/
/St/
/St/

st/st/
St/sv/
St/st/
8S/8s/
st/styy
BS/Sty/
Bs/8S/
Bs/sv/
st/sLy/

/sty
/Sty
/5t/
/5%/
/sty
/57

.x



”NCONTRCLLED COP\!

s s — it

OOE £480.11

[nheled Afr « Lung Retenticn Class Stochastic

: 2 " Y or Organl/

Ragicnuclice (LCl/mi ) LuCi/m ) uCim ) (0 / W 7 V)
Th=-153 - 3.£-08 - /S%/
Tb=156a (24 h) - 3.[-06 - /St/
To-156m (5 h) - 1.E~Q8 - /3t/
Tb-136 - 6.E-07 - /St/
Th=137 - 1.E<07 - /88/
Tb-138 - 8.£-0% - /St/
Tv-160 - " 1.E-07 - /St/
Tb-161 - 7.£-07 - /St/
Dy-135 - 1.E-08 - /St/
Dy-137 - 3.E-08 - /St/
Dy~159 - 1.E~06 - /8%/
Cy-165 - 2.E-08 - /5%/
Dy-166 - 3.8-07 - /5%/
No~-133 - 7.E-08 o /S%/
Ho=137 - 6.E~04 - /5%/
Ho=-139 - 4.E-04 - /st/
Ho=161 - 2.E-04 - /St/
Ho=~162m - 1.E~Q4 - /S%/
Ho-162 - 1.E-00 - /St/
Ho=164m - 1.E=Q¢ - /St/
Ho=164 - 3.E-04 - /S%/
Ho=166n - 3.E~09 - /St/
Ho-166 - 7.E~07 - /St/
Ho=167 - 2.E~0S - /S%/
Er-161 - 3.E-0S - /S%/
Er-163 - 8.£-05 - /St/
Er-169 - 1.£-06 » /S%/
Er=171 - 4.£-06 - /S%/
Er-172 - 6.E-07 - /5%
Tn-162 - 1.E-04 - /S%/
To=166 - 6.E-C6 - /5%/
Tme-167 - 8.£-07 - /S%/
To=-170 - 9.£-C8 - /St/
Te=171 - 1.E-07 - /88/
Ta=172 - 3.E=Q7 - /5t/
Tm=173 - 3.E~06 - /Sv/
Ta=175 - 1.6-04 - /5%/

Yb-162 - 1.E-04 1.E~Q4 /St/st

Yb-166 - 8.E-07 8.£-07 /St/st

B-14



NTROLLEBOEG&II.

A e —————————————————

!nhalod Alr « Ly ng Retention Chu Stochastic

or Organ
Radfonucide Lh...’.!;.l ns_au Lu._z:-_u Orvs¥ it
Yo-167 - 3.0-04 3.E~-Q4 /St/st
Yb=169 - 3.E-07 3.E~07 /St/St
Yb=172 - 1.E-C8 1.E-Cs /St/St
Yo=177 - 4.E-Q3 2.E-0s /%t/8t
Yb=178 - 2.E-03 1.E~0s5 /St/st
Lu=-169 - 2.E-06 2.E-0¢ /St/5t
Lu=i70 - 9.E-07 8.E-07 /St/5%
Lu=171 - §.6-07 8.£~07 /St/5%
Lu=172 - 3.E<07 3.E=Q7 /S5t/st
Lu=173 - 1.6-Q7 1.E~Q7 /88/%¢
Lu=174m - 1.E-07 9.E-08 /88/St
Lu=174 - 5.£-08 v.E=Ce /BS/St
Lu=l76m - 1.E-QS 1.E~0S /st/St
Lu=176 - 2.£-08 J.E~09 /BS/St
Lbu=177m - 3.E~08 J.E~-08 /BS/st
Lu=177 - 9.E-07 9.E-07 /St/8t
Lu=178m - 8.E-0% 7.E~08 /St/st
Lu=178 - 2.E-08 S.E~08 /8%/S%
Lu~179 - 8.E-06 6.E~06 /S%/5%
Hf<170 . 2.E-08 2.E~06 - st/st/
Hf-172 4.E-09 - 2.E-08 - BS/es/
Hf=173 S.E~08 3.E~06 - st/sty
Hf=179 4. E-07 3.E~Q7 - BS/S%/
Hf=177w 2.E=08 &.£-08 - st/syy
Hf=l78m 6.£-10 2.E-09 - Bs/as/
Hf«l7%m 1.£«07 3.E=Q7 - BS/sSt/
Hf~180m 9.E~06 1.£-05 - st/syy/
Hf-181 7.E=Q8 2.E-07 - BS/st/
Hf-182m 4.F-08 6.E-03 - st/syy/
Hf-182 J.E~10 1.E~09 - BS/BS/
Hf-183 2.E=03 2.E-08 - st/st/
H'-‘.‘ 3-:« 3.!-'3 - Sl;'st./
Ta=172 - 3.E-08 4.E-08 /St/st
Ta=173. L 8.£-06 7. E-08 /St/St
Ta=174 - 4.£-08 4.E~03 /St/S5t
Ta=173 - 7.E-08 6.E~08 /St/st
Ta=178 - S.E-08 3.8=06 /St/5t
Ta=177 - 8.E-08 7.E~Dé /St/8%
Ta=178 - 4.E-Q08 J.E~03 /St/St
Ta=179 - 2.E~06 4.£-07 /St/5t
Ta=180m - 3.E-08 2.E~Q3 /St/st

511
sl B



0OE 5480.

-
-

»

Radionuc!ide

Ta=180
Ta=182w
Ta=182
Ta~182
Ta=-184
Ta~185
Ta-186

W=-178
W=177
wW~178
w=179
W=]181
w=185
w=187
w=]88

Re=177
Re=178
Re-181

Re=182 (84 h)
Re=182 (12 h)

Re-l84n

. Re=184

Re=18&m
Re-186
Re-187
Re-i88m
Re=188
Re~189

Os-180
Qs-181
Os-182
Os-185
Cs~l8%m
0s~-191lm
Os-191
0s=193
Os~194

Ir-182
Ir-184
Ir-18%

Inhaled Afr - L

UNCONTROLLED COPY|

0
Gerd)  Get/w)
- 2.E<Q7
- 10‘47
- SQ"‘O’
- <.E~06
- 3.£~08
- 1.E-Q4
2.E-Q08 -
4.E-08 -
8.E-06 -
7.E~-04 -
1.E-QS -
J.E-06 .
4. E-06 -
S.E~Q7 -
I.E‘OC 2.!'0‘
1.E<04 1.E-04
4.E~06 4.E-06
1.£€~06 $.E~07
S.E~Q6 6.E~06
1.E~Q6 .E~07
2.E-06 §.E£~07
7.£-07 ' 6.E~08
1.E-06 7.E-07
J.E~0¢ 4.E-085
6.E-QS 6.E~0S
1.E-06 1.E-08
2.E-06 2.E-06
2.E~04 2.E~04
2.E-Q% 2.E-08
2.E-08 2.E-06
2.E~Q7 3.E=07
1.E-04 §.E-08
1.E~QS 9.E-C6
9.£-07 7.E=07
2.E-06 1.£~06
2.E-Ca <.E~-08
§.£-08 6.E-08
1.E-QS 1.F=08
3.E-06 3.E~06

|

ot

ung Retention Clasy
W Y

ueind)

1.E-Q4
2.E~04
6.E~0d
4.£-07
2.E~Ce
J.E-Q5

9.E-Qs"

2.E-04
2.E-0S
2.E-0¢
3.E=07
7.E-05
7.E-08
6.E-07
1.£~06
J.E~Q9

S.E-0%
1.E-08
4.E-06

Stochastic
or Organl/
(D /W 7/ 1)

/St/5t
/St/st
/5t/8%
/St/St
/St/St
/St/St
/St/St

st/ /
st/
st/
st/
st/
st/
st/
st/

\\-\'\\\‘\\\

t/5t/
St/8%/
st/st/
st/syy/
st/St/
st/st/
st/st/
SwW/st/
st/sy/
SW/Sty/
St/sty/
SL/St/
St/st/

st/st/se
st/st/st
St/se/se
St/st/st
St/sv/st
St/st/st
st/St/se
st/st/st
st/st/st

St/st/st
st/st/st
sSt/st/st
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Inkal !g AP - L!”! Retantion Claey Stochastic
Y

or Organi
Radionuclide LH..Z!EI (gg /) (CIAL) AR /-5\
Ir-187 1.£«Q08 1.E-Q8 1.E-08 st/st/st
Ir-188 2.E~086 2.E~08 1.£-06 St/st/st
Ir-189 2.E~08 2.6-08 2.E~06 st/st/st
Ir=190w 8.£~03 9.E-03 8.E-C3 st/st/st
Ir-190 4. E-Q7 4. E-07 _ ALE-07 St/st/ct
Ir-192m 4.£-08 9.E~-08 6.E~09 St/st/st
Ir-182 1.£=Q7 2.E=Q07 9.£-C8 St/st/st
[reig4m 4.E-Q8 7.E-08 4.E~0C8 St/st/st
Ir-194 1.E~CS 8.E%07 8.E-Q7 St/st/st
Ir-195w 1.E-QS 1.E-08 9.E~06 st/st/st
Ir-195 2.E~QS 2.E=08 2.E~03 St/st/st
Pt-186 2.E-08 - - st/ /
Pr-l88 7.E=07 - - st/ /
Pt-189 1.E=QS - - st/ /
PL-191 J.E~06 - - st/ /
PL-193m 2.E~06 - - st/ /
Pt-193 i 1.E-QS - - st/ /
PL-195m 2.E=-06 - - st/ /
PL=197m 2.E~QS - - st/ /
Pt-197 4 .£-06 - - st/ /
PL-199 8.E~08 - - st/ </
PL-200 1.E~Q8 - - sty /
Au-193 €.E~08 7.E-08 7.E-08 St/st/st
Au=194 2.E~06 2.E~06 2.E-08 st/stv/se
Au-195 1.E«08 8.£<Q7 2.E~Q7 St/se/st
Au~|98w 3.E=Q7 4.E-Q7 4. E~Q7 St/st/st
Au~-158 3.E=Q7 1.E-06 1.E-08 st/st/st
Au=199 1.E«08 1.E-08 1.E-08 st/st/st
Au=200w 8.E-Q7 1.E-08 1.E~08 St/sv/st
Au=200 2.E~QS J.E-Q3 3.E-03 St/st/st
Au=-201 6.E~08 9.E~08 9.£-03 St/st/st
Hg=-193m (Org) 6.0-08 - - sty /
Hg-193® (Inoryg) 4. E~-06 J.E-08 - st/sty
ng=193w (Vapor) B 4. E~08 - /5t/
Hg=193 (Oryg) 3.E-08 - - st/ /
Hg=193 (Incryg) 2.E-Q08 2.E-08 - st/st/
H#g=-193 (Vapor) - 1.E-08 - /St/
Hg=194 (Owyg) 1.£-08 - - st/ /
Hg=194 (Inorg) 2.E-08 3.E-08 - st/st/
Hg=194 (Vapor) - 1.E<Cs - /St/



LINCONTROLLED COPY

DOE 5480.11
Inhaled Afr « Lung Retention Class Stochastic
W Y

0 or Crgan!

Radionucl‘de (gCis/m ) (Cirwt) (uCi Ml ) (D 7w /‘4\
Hg=193a (Crg) 2.E-06 - - st/ /
Hg=195m (Ineorg) 2.E~-Q8 2.E~08 - st/st/
Hg-1935a (Vaper) - 2.E-08 - /St/
Hg=-195 (Org) 2.E-03 - - st/ /
Hg~193 (Inorg) 1.E-QS 1.E-Q8 - st/st/
Hg-195 (Vaper) - 1.E-08 - /St/
Hg=197wm (Crg) 4 . E-Q6 -~ - st/ /
Mg=197m (Inorg) J.E-06 2.E~06 - st/st/
Hg=197m (Vaper) - 2.E-Q06 - /St/
Hg=197 (Org) §.E~06 - - sty /
Hg=197 (Inorg) 5.E£-06 - 4, E~Q6 - st/sty
Hg=197 (Vapeor) - J.E=QS - /5%/
Hg-199m (Org) 7.E-08 - - st/ /
Hg=199m (Ineorg) 6.E-0S5 7.E-03 B St/S%/
Hg=199m (Vapor) - 3.E-QS8 - /387
Hg-203 (Org) J3.E-Q7 - - st/ /
Mg=203 (Inorg) S.E-07 S.E-07. - st/st/
Hg=203 (Vaper) - 3.E=Q7 - /S%/
‘ T1=194n . 6.E-08 - - st/ /
T1=-194 . J.E=-Q4 - - st/ /
T1=163 : S.E-QS - - st/ /
T1-197 5.E-08 - - st/ 7/
Ti=i98a . 2.E-0S - -  8¢L 7
T1-198 1.E-08 - 4 - st/ 7/
=199 3.E-08 - - st/ /
T1=200 S.E-06 - - st/ /
T1=201 9.£-06 - - st/ /
Ti-202 2.E-06 - - st/ /
T1=204 9.£-07 - - st/ /
‘ Ph=i9%5a 8.E-05 - - st/ /
Pb=198 J.E-08 - - sty /7
Pd=199 J.E-08 - - st/ /
Pp~200 J.E-06 - - 8t/ /
Ph-201 9.E-06 - - st/
Fb-202n 1.E-CS - - st/ /
Ph=202 2.E~08 - - st/ /
Po=203 4 .E-06 - - st/ /
Pb=205 6.E~07 - - st/ 7
Pb~209 2.£-0S - - st/ /
Pb=210 1.E-10 - - 8s/ /
Po=211 J.E~07 - - sty /
- - st/ /

‘ PR-212 1.£-Q8
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Inhaled Afr = Lung Retantion Class  Stochastie
or Organl/

0 w Y
Ragionuc)ide (uCi/wi) LeClret)  (uCtrwe) (WA WS
Po-214 3.6-07 - ‘ . st/ /
B1-200 3.E-08 4.E-08 - st/st/
81-201 1.E-08 2.E-08 - st/st/
B1~202 2.6-08 3.E-08 - st/st/
B1-203 . 3.E-06 2.E-08 - St/st/
81-208 1.E~06 3.£-07 - st/st/
81-206 6.£~07 4.E=07 - st/st/
81-207 7.E-07 2.E-07 - st/st/
81-210m 2.£-09 3.E-10 . K /st/
81-210 1.E=07 1.E-08 - K /st/
B1-212 1.£=07 1.E=07 - st/st/
Bl-212 1. E-07 2.6-07 - St/st/
B1-214 3.£-07 4.E=07 - st/st/
Po=203 3.E-08 4. E-08 - st/st/
Po-20$ 2.E~08 3.E~05 - st/st/
Po=207 1.E-08 1.£~08 - st/st/
Po=210 3.€-10 3.E-10 - £ /st/
t-207 | 1.E<08 . 9.E-07 - st/st/
-211 3.£-08 2.£~08 - st/st/
Rn-220 8.E-094/ -4/ - -4
Rn=222 3. E~084/ -4/ - Y
Fre222 2.E-07 B - st/ /
Fre223 3.£-07 - - st/ /
Ra=223 - 3.£-10 - /5t/
Ra=-224 - 7.E-10 - /sv/
Ra=225 - 3.E-10 - /8t/
Ra-226 - 3.£-10 - /St/
Ra=227 . 6.E~08 - /88 /
Ra-223 - 5.£-10 - /5t/
Ac=224 1.£-08 2.E-08 2.0-08 BS/st/St
Ac-225 1.£-10 3.E~10 3.E-10 BS/St/st
Ac-228 1.E-09 2.E-09 2.E~09 BS/St/St
Ac-227 2.6-13 7.E~13 2.6-12 BS/BS/St
Ac-228 4.£-09 2.E-08 2.E-08 BS/BS/St
Th-228 - 7.E-08 6.E~08 /st/st
The227 . 1.E-10 1.E-10 /5t/St

B-19



DOE £480.11

Radionuc!lice

Th-228
Th=-229
Th-230
Th-221
Th-232
Th-234

Pa-~227
Pa-228
Fa=-2230
Pa=231
Pa=-232
Pa-233
Pa-2234

U-230
U-231
U=232
U=233
‘ Ye234

U-238
U-226
Ue237
y-238
=239
U=240

Np=~232
Np=233
Np=234
Np~235
Np=236
Np=236
Np=237
Np-238
Np=239
Hp=240

Pu=234
Pu-233
Pu=236
Pu=237
Pu-228

. Pu=-239

(1.E+08 yr)
(22 n)

UNCONTROLLED COPY

Inhaled Air = Lung Retentior Class

.0 g
(uC1/m )

20{‘10
3.E-06
9.E~11
$.E-10
S.E-10
6.E~10
6.E~10
1.E<06
6.E~10

8.E~03 . .

2.E~06

o
{gC!f‘L)

4.E~-12
‘QE.I:
3.E~12
’.‘“
Sat-ll
9.E-C8

S.E-Q8
S.E-09
2.E-09
7.E-13
9.E-09
3.E~Q07
3.8-06

I.E'lﬂ
2.E-06
20:-10
J."IO
30:.10
3.E~10

3.E=10

7.E<07
30:‘10

‘7-:4’

1.E-Cé

1.E-083/
1.£-033/
1.E~083/
$.6~073/
lct.llil
2.£-083/
2-!'12i’
4.E~0837
1.£~063/
3.6-083/

§.E-088/ -

1.E=033/
7.E=123/
1.E<CE3/
3.E=123/
2.E-123/

B-20

Y

(pCl /)

7,812
1.E-12
7.€-12]
J.E-08
1.E-12
6§.£-08

4.E-08
S.E~09
1.E-09
2.E-12
2.E-08
2.E-07
3.E-06

1.E-]10
2.E-Q¢ °
J.E=-12
2.E~11

2.E-11 -

2.E-11
2.E~11
6.E~07
2.E~11
6.£-03
1.E~Q6

LN D D A B S S T

8.E-083/
1.E-035/
1.E=1137
1.E-063/
7.E-1257
6.E-125/

Stochastic
or Qrganl/

(0 /v 7 ¥

/8BS /5%
/8BS /8BS
/BS/BS
/St /8%
/BS/BS
/St/8t

/St/st
/BS/S%
/St/8t
/BS/BS
/BS/BS
/S%/5¢%
/St/8%

BS/St/St
St/st/st
BS/St/St
BS/St/St
Bs/st/st
BS/St/St
BS/StL/St
st/st/st
BS/St/St
st/st/st
St/St/St

/8S/
/St/
/St/
/8S/
/8S/
/8S/
/85/
/BS/
/5t/
/5t/

/St/5t
/S%/5¢%
/BS/St
/St/St
/BS/BS
/BS/BS



Radionue!ide
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UNCONTROLLED COPY | ‘b0e ss0.12

Pu=-240
cd=241]
Pu=g4é2
Pu=243
Fu=244
Pu=243

Am-237
Am=228
An=239
Aw=240
Aw=24]
Am=2428
Am=242
Am=243
Am=Zddn
Ame244
Amagds
Am-Z4bm
Aw 48

9
(uCt /wt )

2.E-1237

1.E-103/
2.E-123/
1.£-083/
2.5-1237
2.£0-063/

1.E=043/
1.E~083/
5. E~083/
1. E~063/
2.E=123/
2.E-12387
3.E=083/
2.E~123/
2.E~063/
7.E~083/
3.E~083/
7.E-083/
4. E-083/

4.£=0737/
zo;-lq'
9.E~093/
1.£-103/
3.E-123/
¢.E=1207
2.E-123/
2,123/
2.£-123/
8.£-1337
6.£<083/

3.E-Q7
1.E-08
2.E-12
9.E-10
2.E-Q7

2.6-073/
4. E-093/
4.Ea113/
2.6-125/
5.£-123/

Inhgled Afr - Lung loggnt1on g?gsz

. Y
Tl il

8.E-123/
3.E-103/
6.E=123/
1 E~083/
6.E=123/
2. E-083/

2.8~073/
4. E~093/
S.E=113/
6.E~123/
1.E-113/

Stochastic
or Organl/

(O / W/ Y)

/BS /8BS
/BS/BS
/88 /8BS
/St/st
/BS /8BS
/St/st

/Sty
/88/
/Sty
/st/
/8BS/
/8BSy
/BS/
/BS/
/8S/
/88/
/St/
/St/
/sty

/8t/
/8S/
/8s/
/8S/
/BS/
/88/
/88/
/85/
/85/
/88/
/88/

/St/
/5t/
/88/
/88/
/88/

/St/st
/St/5t
/BS/5t
/BS /88
/BS/s5t
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UNCONTROLLED cOPY

$480.11

Inhaled Afr = Lung Retention Class Stochastie
or Organ}/

0 W Y
Radionuc!ide (et /m ) LaCl/m) Leind) (0 /W /¥

Cr-251
Cr-252
Cr-253
Cr-2s4

Es-250
Es-251
Es-252
Es-~254
Es-254

Fae2%2
Fa-252
Foee-254
Foa-255
Fa=257

Nd-257
Ra-238

- 2.E-12%/ J.E-12%/ /B8/8S
. 1.E~113/ 2.E-113/ /8BS /85t
- 8.E~103/ 7.E-103/ /5t/5t
- 9.E-123/ 7.E-123/ /St/St
o 30:‘07 - /ES/
- 4.E-07 - /88/
- 6.E~10 - /S%/
n . 4.E-09 - /St/
- 4.E-1] - /BS/
- 6.E-09 - /sty
- 4.£-09 - /St/
- 4.E-08 - /Sty
- 9.E-09 - /5%/
- 1.E~10 - /E /
. : 4.E~08 - /St/
- 1.E-10 - /8S/

A cetermination of whethar the DACs are contrelled by stachastic (St) or

¥

Y

nenstochastic (organ) dose, or 1f they both give the same result (E) for
each lung retention class 1s given 1n this coluwa. The key to the ergan
netation for nonstochastie dose 1s: BS = Bone surface, X = Kidney, L =«
Liver, 5W « Stomach vall, and 7 = Thyroid. A blank indicates that ne
calculations are perforned for the lung retention class snown.

The ICAP fdentifies tritfated vater and carsen 43 having fmsecdiate up-
Lake ang distribution; Lharefore no solubility classes are designated.
For purposes of this table, the DAC values are inewn as being constant,
independant of selubility class., For tritfated vater, the fnhalation
DAC values allow for an Additional 350% absorptien througn the skin, as
described 1a ICRP Publication No. 20: Limits for Intikes of
Radionuc!ides by Workers. For slemental tritiym, the DAC values are
based solely on consideration of the dose-equivalent Fate Lo the tissyes
of the lung from 1nialed tritius gas contained vitnin the Tung, without

absorption in the tissues,

A dash indicates no values given for this data category,
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‘ 4/ These values are Appropriate for protection frow radon Cowbined with 1ty

short«lived daughters and are Baszed on Information given In ICAP Publfe
cation 22! Liwits for Inhalation of Radon Caughters by worxers ana
Federa) Guicance Report No. 11: Limiting Values of Radionuc]ide Intake
ang Afr Concentrations, and Cose Conversion Factors for Innalation, Sube
Wer3ion, and Ingestion (EPA 320/1-48-020). The values given are for
1003 equilinrium concentration conditions of the Fagden daugnters vith
the parent, To allew for N actial measured *quilibriue concentration
OF & demonstrated equilibrium Concentration, the values given in thig
table snould be multiplied by the ratio (100%/actua! L er
(100%/cemonstraced 1) respectively, Altarnatively, the CAC values for
Rn=-220 and An=222 Biy be replaced by | W . and 1/3 WR.,* Fespectivaely,
for apprepriate 1{mi ting of daugnter concentrations. Because of the
dosimetric considerations for ragen, ne f1 or lung cleerance values arg

11sted.

* A “Working Level® (W.) 13 any compinatien of short-1{ved ragon
caughters, in one 11ter of afr wWithout regard to the degree of equi-
T{brium, that wil} resuit 1n the Witimats emigsion of 1.3 E+08 Mev of

alpha anorgy.‘

/ For the calculations, 71 valuss were cbtained frew IChw Publication 48:
The Metabo!{sw of Plutenium and Related Elements. It g Lasuned that
the effective dose equivalents for inhalation are unchanged sven though

. the f; values have changed. This 13 because the contribution to organ

dose from inhalation 1s depencent mainly on transfer from Jung to blocd

when f, values are small, Alsa, the gastrointestinal tract cose wvould
be unchanged because the fraction of ACTIVItY passing througn the tract

s (1.0 - 7).

‘\li
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SURFACE RADIOACTIVITY GUIDES



APPENDIX C

UNCONTROLLED COPY

SURFACE RADIOACTIVITY GUIDES

, TOTAL'?
NUCLIDE REMOVABLE '+ (FIXED PLUS REMOVABLE)
U-nat, U-235, U-238 1,000 dpm a/100cm® 5,000 dpm a/100cm® and
associated decay
products
Transuranics, Ra-226, 20 dpm/100cm® 300 dpm/100cm’

Ra-228, Th-230, Th-228,
Pa-231, Ac-227, 1-125,
1-129

Th-nat, Th-232, Sr-90, 200 dpm/100cm’ 1,000 dpm/100cm’
Ra-223, Ra-224, U-232,
[-126, 1-131, 1-133

Beta-gamma emitters 1,000 dpm b-g/lOOcmz 5,000 dpm b-g/lOOcnf
(nuclides with decay

modes other than alpha
emission or spontaneous
fission) except Sr-90
and others noted above

1 As used in this table, dpm (disintegrations per minute) means the rate of
emission by radioactive material as determined by correcting the counts
per minute observed by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.

2 The levels may be averaged over one square meter provided the maximum
surface activity in any area of 100 em® is less than three times the guide
values. For purposes of averaging, any square meter of surface shall be
considered to be above the activity guide G if: (1) from measurements of
a representative number = of sections it is determined that the sum of all
contamination levels for each section divided by the number of sections is
greater than or egual to G: or (2) it is determined thst the sum of the
activity of all isolated spots or particles in any 100 cm® area exceeds 3G.

3 The amount of removable radioactive material per 100 em® of surface area
should be determined by wiping that area with dry filter or soft absorbent
paper, applying moderate pressure, and assessing the amount of radioactive
material on the wipe with an appropriate instrument of known efficiency.
(Note - The use of dry material may not be appropriate for tritium.) ghen
removable contamination on objects of surface area less than 100 cm® is
determined, the activity per unit area should be based on the actual area
and the entire surface should be wiped. Except for transuranics and Ra-
226, Ra-228, Ac-227, Th-228, Th-230, and Pa-231 alpha emitters, it is not
necessary to use wiping techniques to measure removable contamination
levels if direct scan surveys indicate that the total residual surface
contamination levels are within the limits for removable contamination
levels are within the limits for removable contamination.

« This category of radionuclides includes mixed fission products, including
the SR-90 which is present in them. It does not apply to SR-90 which has
been separated from the other fission products or mixtures where the SR-90

has been enriched.



