RADIATION SAFETY HANDBOOK

Inolex Chemical Company
Research & Development Facility
Arsenal Business Center

5301 Tacony Street

Building #107, 3rd Floor

Philadelphia, PA 19137

“OFFICIAL RECORD COPY” ML78




This Radiation Safety Handbook contains the current official radiation
health and safety regulations and procedures fo. the company's R & D
facilities at the Arsenal Business Center. A1l R & D personnel who
work, or are planning to work with radioactive materials, will be
instructed ¢n and required to comply with the regulations and procedures

in this Handbook.
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Part 1 - Radiation Protection Program
A) Responsibilities and Authority of the Radiation Safety Officer:

The Radiation Safety Officer will be responsible for the contro! and safe use

of radioactive materials for the Research & Development group of Inolex Chemical

Company. These responsibilities include meeting all requirements specified

by the Nuclear Regulatory Commission. The specific duties include:

1) Provide adequate information and training to personnel who work in or
frequent areas where radioactive material is used.

2) Receiving and opening shipments of radioactive material arriving at the
R & D facility. The safe packaging and shipping of all radioactive
material leaving the facility.

3) Maintaining copies of all records.

4) Approving and monitoring all activities involving radioactive materials.

5) Keeping an inventory record of all radioactive material.

6) Performing periodic radiation surveys.

7) Explaining the use of and providing personnel monitoring equipment for
individuals using radioactive materials.

8) Determining the need for bioassays.

9) Reporting exposure levels to individuals.

10) Maintain records of all radioactive material not in current use and the
amount of any radioactive waste on site.

11) Investigating any overexposures, accidents, spills, loses and thefts.

12) Take the necessary emergency action if control of the radioactive materiul
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‘ 13) Supervise all radiation emergencies and special decontamination operations,
14) Maintain the necessary records and supervise the radioactive waste disposal
proaram.
B) General Responsibilities of Isotope Users

1) Learning and complying with the Radiation Safety Officer's rules for
handling radioactive materials and the regulations provided by the Nuclear
Regulatory Commission,

2) Completing the authorized user fcrm and submitting it to the Radiation
Safety Officer prior to handling radioisotopes.

3) Reporting to the Radiatinn Safety Nfficer any radiation exposure or contamination
exceeding the 1imits expressed in the guidelines provided by the Nuclear
Regulatory Commission.,

4) Using appropriate radiation safety procedures so as to minimize possible
radiation exposure to all individuals performing experiments or involved
in decontamination procedures.

5) Assisting the Riédiation Safety Officer in performing periodic checks on
radiation levels and/or contamination of radioisotope storage anu work areas.

6) Reporting a radiation spill or potential site of contamination to the Radiation

Safety Officer so that the necessary action can be taken.



‘ Part II - Regulations for Use of Radioactive Materials

A) Laboratory Instructions and Precautions for Working with Radioactive Materials
The following instructions pertain to the safe handling and protection of all
workers using radioactive isotopes.
1) Personnel Dosimetry

Individuals will be instructed as to the use of film badges to monitor

external exposure and permissible doses, levels and concentrations as described

in Part 20 "Standards for Protection Against Radiation" section 20.101. The
permissible occupational dose 1imits will be described and records maintained
of each individual(s) cumulative exposure levels.

a) film badges will be issued and worn by all individuals working with
radioactive isotopes.

b) an outside firm (R. S. Laudauer) will supply and monitor ou- personnel on a
regular basis. Procedures for this routine monitoring will be described to
all personnel,

2) Mouth Pipeting

No mouth pipeting of liquids will be allowed in any area restricted for use

of radioactive isotopes. Devices for pipetting radioactive solutions must

be employed. Mouth pipetting of radioactive solutions is strictly prohibited.
3) Food & Drink

A11 food, drink and personal items will be confined to areas outside the

restricted radioactive area. No food or drink will be allowed near anyone

handling radioactive materials. Furthermore, after using all isotopes

individuals will be instructed to wash hands thoroughly prior to eating food.
4) Protective Clothing, Gloves, Etc.

A1l persons working with radioactive materials (solutions) or contaminated

items must wear laboratory coats and disposable gloves.

a) Disposable surgical gloves will be available for handling isotopes.
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b) While wearing protective gloves to handle radioactive materials
NEVER directly touch objects or surfaces that could potentially
contaminate non-restricted working areas. Gloves will be removed
and discarded into soiid radiocactive waste containers prior to
going to a non-restricted area or at the completion of the woik.
5) Area Surveys

The measurement and evaluation of radiation levels in the laboratory will

be conducted by the Radiation Safety Officer with the assistance of
properly trained laboratory personnel.

a) Routine monitoring of laboratory areas (benches, equipment, etc.) will
be done for carbon-14 and tritium as described in the section on
"Wipe Test Protocol" (Part III, 4). The frequency and the action that
will be taken when positive results are obtained are described under
the section on "Radiation Monitoring".

b) Wipe tests will be done after each experiment or on a minimum quarterly
basis depending on the frequency level and type of isotope(s) used.

c) Area surveying will be used for the detection and evaluation of surface
contamination (high beta and gamma emitters). A1l laboratory areas
using radioactive isotopes will be routinely monitored with a survey |
instrument by the laboratory scientist or if contamination is suspected. ‘

6) Air Monitoring ‘
The measurement and evaluation of air borne radiation levels will be !
determined, when necessary by the Radiation Safety Officer. Instructions

will be provided to all users of radioactive materials as to the quantity

of radioactive material any individual in a restricted area can inhale

‘ as specified in Appendix B, Table 1, Column 1, Part 20 "Standards for

Protection Against Radiation", for the particular isotope in questicn.
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7)

a) The production of airborn radioactivity should be avoided whenever
possible.

b) Air monitoring will also he used to determire the extent nf radicactive
release into the laboratory when expariments are carried out in the
fume hood.

Dispersion Control (nood, etc.)

It is extremely important that any volatile radioactive material be

confined to a hood or glove box. Depending on the chemical and physical

form of the radicactivity the appropriate containment will be required.

NEVER use volatile radioactive materials on the bench top.

B) Procedures for Ordering Radioactive Materials

1)

2)

Obtaining Approval for Use

Approval for use of all radioactive isotopes must be obtained from the
Radiation Safety Officer before any radioisotopes can be purchased or used
for experimentation.

A11 requests will be considered based on the radiation training and experinece
of the individual(s) involved. Furthermore, the equipment and details of
planned use must be submitted to the Radiation Safety Officer for review.
This information must be supplied to the Radiation Safety Officer on

two forms: "Protocol for Radioisotope Experimentation" (Appendix) and
"Radiation Training, Experience and Exposure History", (cf.Appendix). The
information submitted must describe the processes and determinations that
will be performed with the radioactive materials,

Ordering Radioactive Materials

The purchase of all radioisotopes requires that the appropriate "Radioisotope
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Purchase Forms" (cf.Appendix) be filled out and approved by the Radiation

safety Officer. This form will be forwarded to the Purchasing Department.
No requisitions for radioactive material will be purchased without the
Radiation Safety Officer's signature of approval.
Receipt of Radioactive Materials

A1l shipments of radioisotopes to the company will be addressed to the

attention of the Radiation Safety Officer. Upon arrival of a package,

The Radiation Safety Officer will review the packing slip and contents

and determine if the material sent is what was ordered. The Radiation

Safety Officer will be responsible for identifying any possible contamination

and determining if the pack~ye is intact. If the package appears intact and
free of visual damage the Radiation Safety Officer will release the isotope
to the user.
C) Disposal of Radioisotopes
1) Transfer and Waste Disposal of Radioactive Material
The Radiation Safety Officer must approve the transfer of all radiocactive
material from a restricted area to other unrestricted locations in the
company.
a) ALL radioactive material to be removed from a radioisotope area must be:

e clearly labeled with the radiation symbols and CAUTION RADIOACTIVE MATERIAL
signs. A1l containers will be marked with the quantity, type of activity,
and the surface dose rate (high beta or gamma emitters).

e the exposure rate from the container must be less than 200 millirems
per hour at contact and 10 millirems per hour at three feet.

e transferred to an approved location. Arrangements have been made with
Teledyne Isotopes, Inc. for periodic removal of the radioactive waste

. (see section on "Methods of Radioactive Waste Disposal").
b) Equipment which becomes contaminated will Le labeled as such and will not

be used in unrestrict:d areas.
wibe




2)

Radioactive Waste
Work involving radioactive materials generates radioactive waste. These

are generally classified as:

Type Classification (level) Concentration
Tow vCi/liter
Tiquid intermediate mCi/Yiter
high Ci/liter
Tow 10 uCi/gm
solid intermediate 1T uCi/gn
high T mCi/gm

Most of the wastes from biological research programs are classified as

low level radioactive waste, i.e., in the less than 10'3 uCi/ml (liquid)

or 1073 uCi/gm (solid).

Methods of Radinactive Waste Disposal

a) A Nuclear Regulatory Commission licenses commercial disposal service
will be used to dispose of our radiocactive waste. We have arranged to
have Teledyne [sotopes remove our waste.

b) Packaging - General Requireinents
A1l radioactive waste will be packaged as follows:
e all radioactive waste will be packaged in Department of lransportation

approved containers,

e isotopes, activity, chemical form (i.e., protein, amino acid, sugar, etc.)

and radiation level will be completed on the front side of the radioactive

vaste disposal record which will be attached to the top of the container,




c)

e no container will contain materials which could create a hazard
because of potential explosive materials.

Specific Procedures

Procedures for disposal of isotopes by a commercial disposal service

(Teledyne Isotopes) are attached (Appendix). The radiation Safety

Officer will be responsible for the proper packaging of waste. The

Radiation Safety Officer will check and secure all barrels prior

to shipment.

Aqueous Waste - Sewage Disposal (C-14 & H-3 ONLY)

¢ NO radioactive waste will be flushed down the sewer.

Incineration of Solid Waste (C-14 & H-3 ONLY)

Articles which have become contaminated with radioactive isotopes during

the course of experimencal work will be collected in a specifically

designated waste container and marked with CAUTION RADIOACTIVE MATERIAL
signs.

® solid waste will be placed in a plastic bag. The bag will be labeled
clearly with the estimated amount of radioactivity and placed in the
appropriate container,

e voiatile compounds will not be put into a solid waste collection
container.

e the company has no facility for incineration of solid waste and thus all
contaminated disposables will be removed in separate containers at the
t.me of other waste disposai.

e accordingly, solid waste will be placed in a plastic bag. The bag
will be labeled clearly with the estimated amount of radioactivity and

placed in the appropriate container.



D)

E)

Procedure for Inventory Control and Record Keeping

At the time of radioisotope release a “Record of Isotope Use" form (cf.

Appendix) will be issued to the user. This will enable an accurate record

to be kept of the quantities of isutope used and remaining after each
experiment,

Adequate records will be kept by all individuals using radioisotopes; to
include exposure records for all personnel and records of all radioisotopes
used. These records will include the isotope, the amount and the date of
receipt and the disposition of the entire lot. Khen the isotope has been
completely used up, the record will contain the entire history of the
isotope. A separate isotope utilization table will be kept for all
radioactive materials (see “Record of Isotope Use Form").

Accurate records'w111 also be kept of periodic monitoring results of all
controlled areaﬁ. If contamination and spills have occurred, evidence will

be provided that these have been appropriately cleaned up.

Calibration of Radiation Equipment

Our radiation equipment will be calibrated at least once a quarter but will
depend on the number of experiments performed using radioactive materials.

If a period of 3-6 months passes where no radioactive materials are used then

calibration of the radiation detection equipment will occur prior to initiation

of a series of experiments.



F) Notification of the Radiation Safety Officer

‘ 1) Each user of radioactive materials will be responsible for notifying the
Radiation Safety Officer in the event of a hazardous incident involving
the following:

a) Radioactive spills: both minor and major spills as described under
Emergency Procedures. (Part 1V).
b) Accidental release of radioactive material into the laboratory air,

¢) Any accidental ingestion or inhalation of radioactive material of

any quantity.

d) Radiation exposure in excess of that which was planned by the

investigator.
e) Receipt of mislabeled radioisotopes and/or larger quantities than
an individual is authorized to use.
2) The Radiation Safety Officer will take the necessary action to:
a) Identify the degree and cause of contamination and exposure.

b) Isolate any contaminated areas or equipment until it can be properly
decontaminated.

¢) Evaluate the degree of exposure and contamination for all radioactive

spills.
d) Supervise all decontamination procedures.
e) Notify and document findings to regulatory agencies when necessary.

f) In the event of injury the Radiation Safety Officer will arrange for

proper medical assistance,
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Part 111 - P-ecautionary Procedures

A) Radiation Monitoring

].

2)

Receipt of Radioactive Materials

A1l shipments of radioisotopes into the company will be addressed to

the attention of the Radiation Safety Officer. Upon arrival of a package,
the Radiation Safety Officer will review the packing slip and contents

and determine if the material sent is what was ordered. The Radiation

Safety Officer will be responsible for identifying any possible contamination
and determine if the package is intact. If the package appears intact and
free of visual damage the Radiation Safety Officer will release the

isotope to the user,

At the time of radioisotope release a "Record of Isotope Use" form (cf. Appendix)
will be issued to the user. This will enable an accurate record to be kept
of the quantities of isotope used and remaining after each experiment. The
"Record of Isotope Use" form will be submitted to the Radiation Safety Officer
after the particular isotope(s) has been completely used.

Personnel Nonitoring

The Nuclear Regulatory Commission (Part 20.101, Standards for Protection
Against Radiation) provides radiation exposure limits allowed for individuals
using radioactive materials in the restricted areas. Users of gamma emitters
will use film badges to obtain exposure information indicating the necessity
for protective devices and continuing monitoring. The permissible exposure
limits determined by the Nuclear Regulatory Commission are:

a) Whole body; head and trunk; active blood forming organs; lens of eyes;

gonads: 1.25 REMS per calendar quarter
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. b) Hands and Forearms; feet and ankles:
18.75 REMS per calendar quarter
¢) Skin of whole body:
7.5 REMS per calendar quarter

A11 personnel subject to 25% of these exposure limits are required to

be monitored.

e as a general rule film badges will be issued and worn by ail
individuals working with radioactive isotopes.

e P. S. Laudauer will supply and monitor our personnel on a regular
basis.

e as required individuals using or suspected of ingesting high levels
of radioactive material will submit a sample of urine on a pér1od1c
basis for bioassay monitoring.

3) Area Surveys and Air Sampling
Survey as defined by the Nuclear Regulatory Commission means an evaluation
of the radiation hazards incident to the production, use, release, disposal
or presence of radioactive materials under a specific set of conditions,
When appropriate, such evaluation will include a physical survey of the
location of materials and equipment and measurements of levels of radiation
or concentrations of radioactive material present.
a) Area Surveys

The measurement and evaluation of radiation levels in the laboratory

will be conducted by the Radiation Safety Officer with the assistance of

properly trained laboratory personnel.
b) Area surveying will be used as a method to detect and evaluate surface
contamination (high beta and gamma emitters).

e routine monitoring of laboratory areas (benches, equipment, etc.) will

be done for carbon-14 and tritium as described in the section on "Wipe
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Test Protocol" (Part III, 4). The frequency and the action that
will be taken when positive results are obtained are described under
the section on "Radiation Monitoring".

® Wipe tests will be done after each experiment or on a minimum quarterly
basis depending on the frequency level and type of isotope(s) used.

e area surveying will be used for the detection and evaluation of surface
contamination (high beta and gamma emitters). A1l laboratory areas
using radioactive isotopes will be routinely monitored with a survey
instrument by the laboratory scientist or if contamination is suspected.

o the Radiation Safety Officer will use a Geiger-Mueller counter as part
of the routine monitoring of the laboratory for radioactive contamination

(see section on Radiation Monitoring, Part III, A).

c) Air Monitoring Surveys

The radiation protection program will require breathing zone and effluent

air surveys as part of the air monitoring. The measurement and evaluation

of airborne radiation levels will be determined, when necessary by the
Radiation Satety Officer. Instructions will be provided to all users of
radioactive materials as to the quantity of radioactive material any
individual in a restricted area can inhale as specified in Table 1, Column )
and Appendix B (Part 20, "Standards for Protectior Against Radiation" for the
particular isotope in question.

1) The production of airborne radioactivity will be avoided whenever possible.
2) If airborne activity is present or is suspected of being present the air will
be sampled using a method appropriate for the type of radioactivity and the
concentration determined. Results will be recorded and follow-up measurements

done to monitor the airborne radioactivity until it is down to background

levels,
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e air monitoring will also be used to determine the extent of
radioactive release into the laboratory when experiments are
carried out in the fume hood.

The appropriate containment will be required depending on the
chemical and physical form of the radioactivity. [t is extremely
important that any volatile radioactive material be confined to a
hood.

Accordingly, whenever volatile materials are used in the hood
surveys will be done on the effluent airways.

Wipe Test Protocol

This procedure will be followed wher low energy beta emitters (tritium and

carbon-14 isotopes) are used in the laboratory.

a) Wipe tests will be done quarterly. The areas sampled at each quarterly
test period wili be designated on the "Record of Radiation Monitoring"
sheet (attached to original application).

Each wipe sample will be taken from a (10 cm x 10 cm square area), The
areas will be chosen based on the frequency that personnel will be in
contact with the area. In other words those areas with a high probability
of being contaminated will be designated for wipe tests.

The wipe test will be performed by wetting a piece of filter paper and
rubbing it over the surface to be monitored. The filter paper will be
into a scintillation vial, cocktail added and counted on the tritiun

or carbon-14 program., The background will be determined by using a

.
wetted filter pap 15 a blank.




d)

e)

f)

The counts per minute (cpm) will be recorded on the "Record of Radiation
Monitoring" form (see appendix). The background counts will

be recorded and all results will be expressed as "counts above background".
Areas of contamination will be determined by monitoring any increase in count
rate above backaround. A corrected value equal to or greater than the
background will be decontaminated. Any area found contaminated will be
decontaminated with count-off or similar radiocactive cleaner and wipe

tested again. These values will be recorded in parentheses next to the

first value.

The results of the previous quarterly wipe test will be available in

the laboratory log book with a diagram designating the areas tested.

2) High Energy Beta and Gamma Emitters

a)

b)

c)

d)

The cesignated areas will be monitored monthly with a Geiger-Mueller

counter which will be available in the laboratory or from the Radiation
Safety Officer. Survey instruments will be used to monitor surfaces of
benches, floors, walls, etc. where high beta and gamma emissions may

be present.

The activity in cpm's measured in the designated areas will be recorded

on the "Record of Radiation Monitoring" sheet (see appendix).

Areas with values greater than 1000 cpm will be decontaminated immediately
and the monitoring procedure repeated until ihe radioactivity is below 1000 cpm.
The final readings will be recorded next to the original value.

A11 users of high beta and gamma emitters will wear a film badge on the

chest (outside the laboratory coat; to monitor radioactivity ~voosure.

These badges can be obtained from the Radiation Safety "ffic. . Arrangements
have been made to have R. S. Laudauer (Glenwood, IL) supply badges and

monitor radiation exposure of our personnel.
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‘l' e) Changes in personnel (resignations, transfers, etc.) who have been
assigned film badges will be promptly reported to the Radiation Safety
Officer.
B) Proceaures for Working with Volatile Isotopes
1) A1l experiments employing volatile radioactive materials will be performed
in a fume hood.
2) Laboratory coats and disposable gloves will be worn to minimize any
potential radioactive exposure by absorption through the skin.

3) When it is impracticable to 1imit concentrations of radioactive materials

in air below those defined in 20.203 (d)(1)(ii) “Standards for Protection
Against Radiation", other precautionary procedures will be taken such as
increased monitoring and the use of respiratory equipment. Such equipment
will be used to restrict intake of radioactive material by any individual
over a seven day period far below the concentrations specified in Appendix
B, Table I, (Part 20, "Standards for Protection Against Radiation").

4) The face velocity of the fume hood can be tested wivh an anemometer., The
anemometer will be used to test the ventilating system providing readings

of air velocity in cubic feet per minute.

(84
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The minimum face velocity on the fume hood varies with the opening of the
door from 50 to 100 cubic feet per minute. The face velncity will be
tested before and after performing any experiments using levels of radioactive
materiais that exceed the limits specified in Appendix B, Table II (Part 20,
“Standards for Protection Agains. Radiation").
C) Caution Signs and Labels

1) A1l radioactive materials, restricted areas and storage containers must be
. properly marked with the appropriate signs,

2) The Radiation Safety Officer will be responsible for distributing and identifying

areas and places for the necessary warning information. A1l sians and labels
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indicating radiation must contain the three bladed magenta or purple
radioactive caution symbol and a yellow background.
3) A1l users of radioisotopes will be instructed as to the folluwing types of
signs most comnonly used:
a) CAUTION RADIATION AREA: used in areas where exposure to radiation can
occur at a level of 5 mrem/hr or greater.
b) CAUTION RADIOACTIVE MATERIAL: usea in any area where radioisotopes are

used or stored at quantities greater than these listed in the tohle

below:
Isotope Quantity
Carbon-14 100 uCi
Hydrogen-3 1000 uCi
lodine-131 1 uCi
'hesphorus=-32 10 uCi
Sulfur-35 100 uCi

The following will be labeled with the CAUTION RADIATION AREA signs:

¢ all doors to rooms where radioactive material is used.

e all hoods, refrigerators, centrifuges, and equipment where radioactive
material is used or stored.

e all solid and 1igquid waste containers.

e the type of isotope, quantity and date of assay must be clearly
specified on the label for radioactive materials.

c) CAUTION-HIGH RADIATION AREA signs are required in any area where the dose

‘ received could equal or be greater than 100 millirems per hour.

e

lodine-125 1 uCi
i
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Biocassay Program
Routine bioassays will be done when individuals handle quantities of

radioactive isotopes over specified time periods as outlined in the

Regulatory Guides: "Guidelines for Bioassay for Tritium" and Regulatory

Guide 8.20 and "Applications of Bioassay for I-125 and I-131". Furthermore,
when positive results are obtained we will comply with the necessary action
as described in the respective guidelines.
1) Tritium Bioassay Program
a) Types of Bioassays
A bioassay will be done prior to any work with tritium., This will
be used to establish a baseline for each individual handling radioactive
isotopes. A bioassay program will be initiated when quantities processed
by an individual at any time or the total amount processed per month
exceed those for the forms of tritium shown in Table | of the "Guidelines
for Bioassay for Tritium"
e Routine Urinalysi
Reqular bioassays (urine counts) will be done on all individuals

handling tritium at frequencies specified below.

! 1"1;1& i» 10assdy

b

A bioassay (urine count) wil

1 be perfomred as soon as possible but
within one month of an individual's exposure to tritium or when the

activities with a potential exposure are completed.

Diagnostic




. Guide(position 5.1).
b) Trequency
e Initial Routine
A bioassay sample of 100m1 of urine will be taken within three days

of any individual working in an area where the levels of tritium used

\
(
require bioassay as specified in the "Regulatory Guidelines". Follow-
up bioassavs will be done every two weeks for the duratior of the exposure ‘
of the individual to tritium. [f exposure to tritium is less than
avery two weeks, bioassays will be performed within 10 days of
completion of the handling of tritium.
e Quarterly
The sampling frequency may be changel to quarterly if the ccnditions
outlined in the "Regulatory Guide" are met.
® Respiratory Protection Devices
If at any time respiratory protective devices are used to limit

exposure, a bioassay sample will be taken within three days.

c) Corresponding Action on Positive Results

e The licensee will make evaluations, take necessary corrective actions
and maintain records according to paragraph 20.103 (b)(2) of 10 CFR
Part 20 whenever the intake (urine counts) of tritium over a 40 hr.
work period exceeds the amount specified in Table 1 of the "Regulatory
Guidelines" (air concentration 5 x 1076 uCi/ml).

® A survey will be carried out to determine the causes of any large

exposures and possible involvement of other employees. The required
action will be taken as stated in the "Regulatory Guidelines".

. e [f bioassay levels exceed limits stated in the "Regulatory Guidelines"

reports will be provided to the Nuclear Requlatory Commission as

required by section 20.405, 20.408 and 20.409 of 10 CFR Part 20.
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2) Bioassay for [-125 and 1-131

a) Baseline

A bioassay will be done prior to beginning any work with radioactive

iodine to establish a baseline for each individual handling radioactive

isotopes. A bioassay program will be initiated when quantities

processed by an individual at any one time or the total amount processed

per month exceed thuse for the forms of iodine shown in Table I of

the "Regulatory Guide 8.20 Bioassay for 1-125 and I-131",

e Routine
Regular bioassays (thyroid counts and/or whole body counts) will be
done on all individuals handling radioactive iodine at the frequencies
specified below.

e Emergency
If the thyroid uptake exceeds burdens at any time of 0.5 uCi of [-125
or 0,14 uCi of I-131, actions recommended in the "Regulatory Guidelines
for Bioassay of 1-125 and I-131" will be carried out (cf. Regulatory
Position 5(a)).

¢ Diagnostic
Follow-up bioassays will be performed within two weeks of any initial
measurements that exceed measurements determined as action points in the
'‘Regulatory Guidelines" (regulatory position 5).

Frequency

e Initial Routine
A bioassay sample or measurement will be obtained within three days cof
any individual working in the area where the levels of iodine used require
bioassay as specified in the "Regulatory Guidelines" (positions 1 and 2
Table 1). If the levels of usage or conditions described in Table |

exist, then bioassay will continue every two weeks or longer for the
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E.

duration of the potential exposure.

Quarterly

The sampling frequency may be changed to quarterly if the conditions
outlined in the "Regulatory Guide 8.20" positions 4 are met.

Respiratory Protective Devices

The use of respiratory protective devices, suits, hoods and gloves will

be used to limit radiation exposure. As specified in regulatory position
I(e) "Regulatory Guide 8.20" bioassay measurements will be performed to verify
the effectiveness of the protective devices. Bioassays will be performed
when necessary as specified in paragraph 20.103 (a)(1) of 10 CFR Part

20 of the RegulatoryGuidelines, "Standards for Proiection Against Radiation".

c) Corresponding Actions on Positive Results

The licensee will make evaluations, take necessary corrective actions and
maintain records as required by paragraphs 20.405, 20.408, and 20.409 of
10 CFR Part 20 whenever the intake (urine counts) of iodine over a 40 hr.
work period exceeds the amount specified in Table I of the Regulatory
Guidelines.

Isotope Storage

Radionuclides, when not in use, will be stored in a manner which excludes

the possibility of radiation exposure to individuals and will not be accessible

to unauthorized personnel, These materials will be stored in sealed fire and

water-proof containers under lock and key. A1l refrigerators and freezers in

public access areas containing radioisutopes will be Tocked when unattended.

Areas designated for radioactive storage will be plainly marked as containing

radioactive materials,

. Shielding

A corner of the laboratory set aside for radioisotope use will be partitioned
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with 1" thick lead Oricks to protect <11 workers from radiation exnosure.
This material is of suitable thickness to shield workers from the energy (beta
and garma emitters) of the isctopzs during usage and stcrage (see attached

diagram for area restricted to radioisotope use).
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Pat IV - Emergency Procedures

A) Fnergency Assistance

If an accident occurs ard radioactive material is spilled, it could resuit
in either over exposure or contamination of 1nvest1gators. The first
concern must Le the protection of personnel from radi*tion hazards; the second

concern 1s to confine the accident (spil.) tou as smail an area as possible.

The consequences orf most radiatici spil s will be less severe if the proper
action is taken immediacely. Accordingly, cmel a.ncy procedures will be
planned and rehearsed by all persunnel in the area.
1. Emergency Assitance
In the event of an emergency involving radiocactive materia)l the nhaxiation
Safety Officer is to be notified immediately.
Radiation Safety Officer: Gilbert R. Mintz, Ph.D.
Daily 8:00 am - 4:30 pm: (215)289-4703

Off Houis - Evenings/Weekends: (639)426-9592
B) Spills

Radioactive sp11ls invoive the unanticipated spread of isotope to areas beyond
trays and abeorbent papers which are typically used to 1imit the spread of materials
and facilitate clean-up. The clean-up of confined spills will be done under the |
supervision of the Radiation Safety Officer. Appropriate procedurez will be
followed for personnel protection, waste disposal and decontamination cf all
spills. The prucedures descrived below will be "1lowed for radicactive materiails
which have spread beyona confines 2nd {nvolve minor ‘113 or majo' spills and i
represent potential radiation 'iazards to personnel.
1) Minor spills (No Sijnificant External Nudiation Hazara to Personnel)

. a) Confine the spill immediately.

e for liquid spills, r cht the contuiner immediately and drop absorbent

23 !
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paper ~» *be entire spill. Use rubber gloves (disposable) tc remove

the paper.
o for drv wmaterials, “a,er 1t Lhwrauahly wearing protective yioves being
extreme’y caraful not to spread the cuntamination.
b) Notify all persons within hearing distance that a spill nas occurred,
¢; Restrict access to the area to a minimum number of pa-son. necessary
to deal with the spill in the restricted area. Do not walk rear

the snill area.

d) Notify the Raciation Safety Officer (see Emergency Asiistance).

2) Major Spills (Involving Significant External Radiation Hazard to Personnel)

R e R,

1) Notify all person(s) in the area who are not involved in the spill to leave
the immediate area at once.

2) Move away from the spill area immediately.

3) Flusk any radioactivity thoroughly from the skin with water. Try not to spread

contevininar fun,

4) Clothing contaminated with radioactivity should be removed at once,
6) Personnel will be advised to move to an area where

radiation hazard.

there 1s no external

6) Notify the Radiatior Safety Officer immediately,

L)’ Area Decontamination

Areas of contaminaticn will be detormined by counting wet.2¢ papers and monitoring

‘ncrease in count vate over background (see Part III.
Wipe Test Protocoi).

ary Radiation Monitoring,

1) Areas of contamination «.1) be getermined by minitoring any increase

ir crunt rate +have Jacvgrount,

2) Areas with counts greater than the corrected backqround will be decontam
immediaiely.

inated
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3) Any area found cOntaminated will be docontwinate’w'lth count-off or similar
radioactive cleaner and wipe tes: ed again,

4) The monitoring procedure will be repeated until the radiocactivity is below
1000 cpm.

§) Record the final readings next to the original value on the "Record of Radiation
Monitoring " sheet.

6) The Radiation Safety Officer will supervise the decontamination of personnel
and of the area. Decontamination and clean-up of the area shall be carried
out by the person(s) responsible for the spil?.

7) The Radiation Safety Officer will monitor all person(s) for contamination
and conduct a complete survey of the area to determine the adequacy of
the decontamination.

8) A report on the incident will be submitted to the Radiation Safety Gfficer.

9) fer Radiation Safety Officer's instructions, begin clean-up and decontamination.

10) Decontamination and clean-up will be carried out by the person(s) responsible
for the spill or others who work in the same research group.

11) Protec.ive clothing, will be wern during decontamination. This includes
rubber gloves, shoe covers, lab coats or overalls, and respirators.

12) Persnns may leave the spill area after the Radiation Safety Officer has
monitored them.

13) Work in the area can resume after the Radiation Safety Officer has completed

the necessary surveys. A report on the incident will be submitied to the

Radiation Safaty Officer.

n; Fires

In the event of a fire ask someone to sound the fire alarm if the size of the fire
reauires the fire department. Contact the Radiation Safety Officer immediately.
If radioactive material 1s not directly involved in the fire try to extinguisn

the fire without disturbing the shielding around the radioactivity. Proceed to:

1) Keep all personnel out of the danger area during and after estinguishing the

fire.




2) Notify the Radiation Safety Officer and remain in the area to assist
in filing a repert on the incident.
[f the fire spreads to an area containing radioactive material proceed to:

1) Leave the area immediately,

2) Pull the fire alarm and call the Radiation Safety Officer immediately.

3) Communicate the approximate level of radioactive involvement to the
Radiation Safety Officer.

4) Remain in the yeneral area to assist the Radiation Safety Officer

in filing 4« report on the incident.




2.

Radiation Training, Experience and Exposure History

Name Date

Briefly describe history of previous radiation exposure.
(a) Name and address of employer:

(b) Dates of employm:at:
(c) Periods of exposure:

(d) Previous whole body(REM):

Type of Trainirg (inciude whers trcined, lerngth of training,
course or nn the job experience/training)
(a) Principles of radiation protectiion:

(b) instruments and woritor.ng technigueu for radioactivity
neusurements:

(c) Calculations for using and measuring radioactivity:

(d! Biological effects of radiation:

Experience: (previous use of isotopes)

Isstope Amount (uC) Duration Use
Signature Date
27



Prorocel for Radioisotope Experimentation

L IR & £ & Date

Radliosseton .. . AR Chemical Foerm

Objective of Experimant

Provide description of the procedures to he carried out
radiocactive material.

Maximum amount of activity (mC) to be used in a single
axperiment.

Maximum amoun® of activity (mC) to be ordered per shipment.

Names of all prersons who will be using isotope(r).

Monitoring and counting instrumentg available.
Planned duration of work/project.

Expected starting dave.

Signature




Radioisotope Purchase Form

Chemical form Amount

2. Supplier Catalog no.

3. Isotope

4, Plysical form

6. Specific Activity

6. Proposed use:

7. Requested by

Radiation Safety Officer approval

“20e



1. When you receive the isotope record data on the shee2t under "Total Amount"
2. As you dispose of the isotope, throughout the experiment., record it below.

RECORD' OF ISOTOPE USE

DATE COMPOUND
ISOTOPE_ LOT#
TOTAL AMOUNT ucCi ML
P:svosu DATE uci
|
OTALS*
‘ *uCi ordered should equal uCi Jdisposed of corrected for decay.

Signature Department Hé;d-




RECORD OF RADIATION MONITORING

Areas of contamination determined by wetting a piece of filter paper,
rubbing it over the surface to be monitored and recording the increase
in count rate over background

Fi'rr: BACKGROUND
(counts)

COUNTS ABOVE BACKGROUND

LOCATION

REMARKS/INITIALS

I

SIGNATURE DEPARTMENT HEAD




RADIOACTIVE MATERIAL DISPOSAL RECORD

MATERIAL AMOUNT CHEMICAL METHOD OF REMARKS/INITIALS
DESCRIPTION (uCi/mCi) FORM DISPOSAL

SIGNATURE DEPARTMENT HEAD
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“MTELEDYNE
ISOTOPES
PACKAGING PROCEDURES FOR RADIOACTIVE WASTE
1.0 GENERAL
1.1 Categoriea of Radioactive Waste:

I.1.1

1.1.2

1.1.3

1.2

1.2

1.5

1.6

I.7

8/87

There are three disposal facilities being used and the categories for
each are listed below:

BURIAL AT RICHLAND, WASHINGTON

1. (DMR) Ory Material destined for Richland

-~ 2. (DCR) Dry Compactibles destined for Richland

3. (SVR) Small Volume liquids destined for Richland
4. (LVR) Large Volume liquids destined for Richland
5. (ACR) Animal Carcasses or biological waste destined for Richland

PROCESSING AT QUADREX HPS, GAINESVILLE, FLORIDA

1. (VXN) Scintiliation Vials - NRC exempt - Non RCRA regulated

2. (VRN) Scintillation Vials - NRC regulated - Non RCRA regulated

T (VXR) Secintillation Vials - NRC exompt and RCRA regulated
(VRR) Scintillation Vials - NRC regulated and RCRA regulested

PROCESSING AT SCIENTIFIC ECOLOGY GROUP, OAK RIDGE, TENNESSEE

1. (DMS) Dry solid Material destined for S.E.G.
2. (DCS) Dry solid Compactible destined for S.E.G.
3. (5VS) Small Volume 1‘quid destined for S.E.G.

Items in different categ..'ies cannot be mixed in any one container
unless specifically authorized.

The packaging procedure that is used ies to be marked on the drum (e.g.
DMR-8/87),

Transuranic and radium waste in excess of 10 nanocuries per gram is not
acceptable unless specifically authorized.

Gaseous waste must meet certain provisions. Fleese see the burial site's
license for details or call the Radiological Services Department Office.

Special Nuclear Material requires specifin approvsal and will be accepted
only upon special request to the Radiological Services Department Office.

DO NOT EXCEED THE FOLLOWING WEIGHTS UNLESS SPECIFICALLY AUTHOUKIZED:
5 gallon container - 80 lbs.

30 gallon conteiner - 300 lbs.
55 gallon container - 480 lbs.

(1)



“ATELEDYNE
ISOTOPES
1.8 CHEMICAL TOXICITY:

109 .

1.9.1

1.9.2

1.10

I.1n

8/87

The chemical composition of the materials disposed must be compatible
with the procedures which follow. Any additional hazards of the material
must be evaluated to determine if additional packaging is ruquired. If
materials are listed in N. Irving Sax's "Dangerous Properties of Indus-
trial Materials", Fifth Edition, Van Nostrand Reinhold, as having &
THR=HIGH vias any route, except IP or IV, specific approval must be ob-

tained from the State of Washington Radiation Control Program. Contsct
the Radiological Services Department for details.

PROHIBITIONS

Burial Prohibitions:

Lead and other U.S. EPA hazardous wastes are prohibitec from lend burial
at the current radioactive waste dispoezl sites. Please ensure there are

no Resource Conservation and Recovery Act (RCRA) wastes in yosur radioac-
tive waste streams.

Scintillation Vial Processing:

Only those isotopes listed in the Quadrex license are allowed for pro-
cessing. In addition, strict control must be held over tho packaging of

seintillation vials. No other wastes of any kind are allowed in these
containers.

Special Notes

Two 2 ml liners may be used ir place of & sinyle 4 ml liner.

Instead of lining the whole drum, individual 4 ml (or double 2-ml)
bags may be substituted, provided each bag is layered as below.

For a list of approved absorbants for use with waete destined for
Richland, please see the US Ecology license.

When layering, the absorbant must be the first layer on the bottom and

the last layer on the top. Proper volume ratios must be determined by
the generator to be used for the different absorbants.

The amount of ebsorbant must be capable of absorbing twice the amount of
liquid present.

VOIDS - All voids in the containers must be filled to the extent practi-
cable.

(2)



11.1.1
11.1.2
11.1.3
11.1.4
11.1.5

11.2
.24
11.2.2

11.2.3
11.2.4
11.2.5
11.2.6
11.2.7

NOTE:
NOTE :

NOTE:

8/87

WASTE FOR BURIAL AT US ECOLOGY, RICHLAND, WASHINGTON

DRY SOLID MATERIAL FOR BURIAL AT RICHLAND, WASHINGTON (DMR-8/87)

Select a 5, 30 or 55-gallon drum.
Fill to capacity with only dry solid materials.
Fill in any voids ‘o the extent practical.

Secure drum cover.

Label drum DMR-8/87, to Jdesignate that the drum has been p.ckagod
according to these directions.

DRY SOLID COMPACTIBLES FOR BURIAL AT RICHLAND, WASHINGTON (DCR-8/87)

Select a 30 or 55 gallon container.

Place waste into double 4 mil plastic liners. (Note: For 55 gallon
drums, use two sets of double 4 mil bags, each set approximately 27
gallons. If heavy materials are used, please use additional double
4 mil lineis and decrease the quantity put into each.)

Twist and seal liners.

Place double 4 mil bags into the selected container.
Replace lid and ring.
Secure ring. DO NOT BOLT.

Label drum DCR-8/87 to indicate it ' as packaged in accordance with
these instructions.

DO NOT DISPOSE OF UNPROTECTED SHARP JBJECTS.
DO NOT DISPOSE OF NON-CENPACTIBLE ITEMS IN THESE TYPES OF CONTAINERS.

ONLY LOW SPECIFIC ACTIVITY MATERIAL IS ACCEPTABLE IN COMPACTIBLE

DRUMS. UNDER NO CIRCUMSTANCES SHOULD SOURCES BE PLACED INTO THESE
CONTAINERS.

(3)




Y TELEDYNE
ISOTOPES

I1.3

11.3.1

11.3.2

11.3.3

I1.3.4
11.3.5
11.3.6

11.3.7

I1.4.1
11.4.2

11.4.3

I1.4.4

11.4.5

8/87

SMALL VOLUME LIQUID WASTE DESTINED FOR RICHLAND (SVR-8/87)

These drums can contain vials which contain liquids which are acceptable
for burial, and each vial must contain less than 50 ml of liquid.

Liquid should not be absorbed directly onto the absorption media (e.i. do
not open vials). Any tool or device which contains free standing liquid
must be considered small volume liquid waste. Please reference the defin-
ition of free standing liquid as found in US Ecology's lisense.

Select only a 30 or 55-gallon drum; 5-gallon pails are not allowed.
Line the drum with 4 ml thick poly liner.

:
|
Using an approved ebsorbant, alternate layers of absorbant with layers of
waste.

Twist end seal liner.

Secure drum cover.

Label drum SVR-8/87, tu designate that the drum has been packaged according
to these instructions. |

Special Note: Toluene, Xylene and other flammable liquids in scintil- |

lation vials will not be accepted for burial. They must be packaged
for reprocessing and meet the reprocessor's license criteria.

LARGE VOLUME LIQUID WASTE DESTINED FOR RICHLAND (LVR-8/87)

All items containing 50 ml or more of an aqueous liquid may not be
disposed in SVR or SYS drums. The liquid must be packaged as follows
while the container itself must be either (1) dried and placed in a DMR,
DCR, DMS or DCS drum or (2) placed in an SVR or SVS drum once the bulk
of the liquid is removed.

Select only the 55-gallon double-walled container for liquid waste.
Remove the 55-gallon drum cover.

Loosen and remove the bung from the 30-gallon drum which has been
filled with an approved absorbant.

Pour up to 10 gallons of liquid (pH-6.0 - 9.0) into the absorbant in
the 30-gallon drum through the 2-1/2" opening.

Replace bung and tighten.

(4)




TELEDYNE
*ISOTOPES

11.4.6
11.4.7
I1.4.8

11.4.9

I1.5

I1.5.1
I1.5.2
11.5.3
I1.5.4

I11.5.5
I1.5.6
11.5.7
I1.5.8
11.5.9
11.5.10

8/87

Twist and seal poly liner.
Secure cover of 55-gallon drum.

Label drum LVR-(8/87) to designate that the drum has been packaged
according to these instructions. '

SPECIAL NOTE:

Toluene or Xylene and other liquids unacceptable at the burial site
cannot be absorbed.

ANIMAL CARCASSES OR BIOLOGICAL WASTE (ACR-8/87)

Animal carcasses or biological waste must be disposed using a double-
walled container. Be sure when ordering to specify a ‘5-gallon double-
walled container for animal carcasses.

Select only a 55-gallon double-walled drum.
Remove inner 30-gallon container and absorbant.
l.ine 30-gallon drum with 4 ml poly liner. See Section 1.10.

Package waste into liner using at least one part slaked lime for every
10 parts of an approved absorbant. Fill completely.

Twist and seal liner.

Seal 30-gallon drum.

Place 30-gallon drum into 55-gallon drum.

Place absorbant around and covering 30-gallon drum.
Secure 55-gallon drum.cover.

Label drum ACR-8/87 to designate that drum has been packaged accord-
ing to these instructions.

(5)



I11.0 RADIOACTIVE WASTE FOR PROCESSING AT S.E.G., OAK RIDGE, TENNESSEE

I1I.1 DRY SOLID MATERIAL DESTINED FOR S.E.G. (DMS-8/87)

111.1.1 Ses the procedure for DMR ‘and follow exactly, except for labelling
the container DMS-8/87, however, only Cless A unstable materials

are acceptable. Please see the S.E.G. license for further Jetails
on acceptable materials.

I11.2 DRY SOLID COMPACTIBLE DESTINED FOR S.E.G. (DCS-8/87)

111.2:1 See the procedure for DCR and follow exactly, except for labelling
the container DCS~8/87, however, only Class A unstable materials

are acceptable. Please see the S.E.G. license for further details
on acceptable materials.

I11.3 SMALL VOLUME LIQUIDS DESTINED FOR S.E.G. (SVS-8/87)

111.3.1 See the procedure for SVR and follow exactly, except for labelling
the container SVS-8/87.

111.3.2 The liquids present must be strictly incidental. A couple of
examples of incidental liquids are:
a) A drop in the end of a pipette
b) A couple of milliliters in the bottom of a vial
e) Moisture on the sides of & beaker.

111.3.3 Use the aboorbant sparingly.
SPECIAL NOTE: In the SVS drum you may mix other dry waste which would be

suitable for either the DMS or DCS container. You do not have to segregate
these three types as long as the drum ic clasuified as an SVS-8/87.

Iv.0 SCINTILLATION VIAL WASTE FOR REPROCESSING AT QUADREX, GAINESVILLE,

J ] 2 2 2

These drums may contain scintillation vials which contain Toluene or
Xylene or any other flammeble scintillation media acceptable according
to Quadrex's License No. 1354-1 (State of Florida, Department of Health
& Rehabilitative Services).

All drums to Quadrex are packaged identically using the procedure below,
however, the labelling and manifesting are specific to the classifi-
cation selected. The generator is responsible for identifying the
isotopes, concentrations and chemical forms of the waste material.

8/87 (6)




Iv.1

Iv.2
Iv.3
Iv.4
Iv.5

Iv.6

Iv.7
1v.8
Iv.9
V.10

8/87

Select only a 30 or 55-gallon drum.

Line the drum with 4 ml thick poly liner.

Add 12 inches of an approved absorbant.

Line drum again with another 4 ml thick poly liner.

Fill with vials or cther containers of less than one pint capacity.

NOTE: With one pint containers, add absorbant to suitably cushion
these to prevent breakage.

Twist and seal liners.

Tep off the drum with additional absorbanc.

Secure drum cover.

Label drum with the appropriate designation for the descriptions below.
Classification of Scintillation Vial Drums

As you know, there are many different types of scintillation fluids
being used by the industry. The major difference between these fluids
is their flashpoint. The state your facility is in may, or may not,
regulate these fluids as hazardous waste. Although we have been and
will continue to help identify when and where the RCRA regulations

apply, it is the generator's responsibility under RCRA regulations to
determine if his waste stream is a Hazardous Waste.

"V" - For marking purposes, all scintillation vial drums will have a
first charcter of "V",

"X" or "R" - The second character will be either an "X" or an "R". If

the drum contains only H-3/C-14 in less than 0.05 uCi/gram concentrations

it is an "X". If the drum contains H-3/C-14 as above plus other isotopes
lated

listed in Quadrex's license, then it is an NRC "R"egu material and
would be an "R".

"N" or "R" - The third character indicates whether the drum is US EPA
RCRA "R"egulated or "N"ot regulated. This classification is simple for
those who use a high (greater than 140°F) flashpoint cocktail as these
fluids are "N"ot RCRA regulated. If you have a cocktail with a lower
flashpoint, the material may, or may not be, "R"egulated. This depends
on each state. As the states are currently changing their positions

rapidly, we have not included a listing from these procedures. Please
call for further information. ;
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U“ﬂa STATES NUCLEAR REGULATORY QMMM'ON

RULES and REGULATIONS
TITLE 9. CHAPTER 1, COOE OF FEDERAL REGULA TIONS — ENERGY

’”‘l

PART
20

PARY 20--STANDARDS FOR
PROTECTION AGAINST RADIAYION

Onwenal Provisions

Purposc.
BSocope.

Definitions.

Units of radiation dose.
Unitws of radiosctivity
Interpreiations.

Communications.
208 Information collection requirements:
OMB approval.

Pensissinis Dosss, Lavers awp
CONCENTRATIONS

37,101 Radistion dose standards for indi-
viduals in restricted areas.

20.102 Determination of prior dose

20.103 Exposure of Individuals to concen:
trations of radioactive materials in alr In
restricted areas

20.104 Exposure of minors

20.106 Permiss/hle levels of radiation in ur
restricled arens

20,108 Radioactivity in effluents to unre
stricled areas

20.107 Medica! diagnosis and therapy

20.108 Orders requiring furnishing of blo-
assay services

PRECAUTIONARY PROCEDURES

20201 Burveys

20.202 Personne! monitoring

20.203 Caution signs, labels. signals and
controls.

20.204 Same: Exceptions

20,206 Procedures for picking up, recelving,
and opening packages.

20,200 Instruction of personnel

20.207 Storage and control of licensed ma-
terials in unrestricted areas

Wasre Disrosal

20301 Qeneral requirement.
20302 Method for obtaining apnroval of

stion
20308 Disposal of specific wastes.
2031) Transfer for disposal and m2 . (sts.

Meoouss, REPORTS, AND NOTIFICA T1ON
20401 Records of surveys, radiation moni-

toring, and diaposal
20402 Reports of theft or loss of licensed
material

20.403 Notifications of Incidents

20404 [Reserved)

20406 Reports of overexposures and exoes-
sive Jevels and concentrations

20.40¢ [Reserved)

20407 Personne! monitoring reporis

20408 Reports of personne! monitoring on
wermination of employment or work

20408 Notifications and reports Lo Individ-
usle

EXCEPTIONS AND ADDITIONAL REQUIREMENTS

20801 Appilcations for exemptions
20502 Additional requirements

20001 Viclations.

Arrewpix A-—Provscrion Pacross rok Res-
PIRATORS

ArrEapix B-CONCENTRATIONS IN AIR AND
Warer AsovE Narunal Backasouwn

Arrewpix C

Arrerpix D—Unrree Srates Nucisas Rsev-
LaTory Commission Recional Orrices

Authority: Sece. 53, 63, 85, 81, 103. 104, 101,
66 Stal 930, 933, 935, (08, 937, 8. »»
amended (42 US.C 2073, 2083, 2005 2111,
2133. 2134, 2201); secs. 201, as amended. 202,
200, 88 Stat. 1242, as amended. 1244, 1246 (42
USC 5641 5842 5848)

For the purposes of sec. 223. 88 Stal. 958 as
amended (42 US.C. 2273} §6 20101, 20102,
20103(a) (b) and (). 20.104(s) and (b)
20108(b). 20 106(s). 20.201. 20.202(a). 20.205
20207, 20.301. 20.303, 20.304. and 20.305 are
issued under sec 161b, 68 Stal 48, as
amended (42 US.C 2201(b)): and §§ 20.102
20103(e). 20.401-20 47 20 408(b). and 20 408
Lne issued under sec. 161(0). 68 Siat. 950, as

52 FR 4601

smended (42 US C 2201(0))

QENERAL PROVISIONS

§20.) Purpose.
¥ (a) The regulations in this part es-
= tablish standards for protection

o against radistion hazards aricing out
o 0f mctivities under licenss Lisued by
* the Nuclear Regulatory Ceic'usion
and are issued pursuant Lo (he Atomic
Energy Act of 1854, as amendad, and
the Energy Reorganization Act of
1974

8 (b) The use of radioactive material
or other sources of radiation not li-
censed by the Commission is not sub-
Ject Lo the regulations in this part
However, it is the purpose of the regu-
lations in this part to contrel the pos-
session, use, and transfer of licensed
material by any licensee In such &
manner that the total dose to an indi-
vidua! (including exposures to licensed
and unlicensed radioactive material
and to other unlicensed sources of ra-
diation, whether in the possession of
the licensee or any other person, but
not Including exposures to radiation
from natural background sources or
medica! diagnosis and therapy) does
not exceed the standards of radiation
protection prescribed In the regula
tions in this part.

44 FR 32352

(¢) In socordance with recommenda-
tions of the Federa) Radiation Coun-
cil, approved by the President, persons
engaged In activities under licenses
{ssued by the Nuclear Regulatory
Commission pursuant to the Atomic

40 7 R 5884 11

201

§20.3(s)

STANDARDS FOR PROTECTION AGAINST RADIATION

Energy Act of 1854, as amended, and
the Energy Roorganisation Act of 1974
complying with

forth In this

is reasonably achievable. The term “as
low as is reasonably achievable'’ means
a8 is ressonably achievable
taking into sccount the state of tech-

public health and safety, and other so-
cletal! and socioeconomic consider-
ations, and in relation to the utiliza
tion of atomic energy In the public in-

| Jerest.

S'ozoz Scope
The regulations in this part apply to
all persons who receive, possess, use,
or transfer material licensed pursuvant
Lo the regulations in Parts 30 through
35,39, 40, 60, 61, 70, or Part 72 of this
chapter, including persons )icensed to
operate a production or utilization fa-
¢ cility pursuant to Part 50 of this chap-
ter and persons licensed Lo possess
power reactor spent fuel in an inde
pendent spent fue) storage lastallation
(I8PS1) purusant to Part 72 of this
_chapter.

8203 Definitions.

(a) As used In this part

(1) “Act” means the Atomic Energy
Act of 1954 (68 Stat. 919) including
+ Any amendments thereto,
~ (2) "Alrborne radioactive material”
© means any radioactive materia! dis
& persed In the air in the form of dusts,
e fumes, mists, VApOrs, Or gases,

(3) “Byproduct material” means any
radioactive materia) (except special
nuclear material) ylelded Iin or made
radioactive by exposure to the radi
ation incident to the process of pro-
ducing or utllizing special nuclear ma-

| terial;

o (4) "Calendar guarter” means not
Jess than 12 consecutive weeks nor
more than 14 consecutlive weeks The
first calendar quarter of each year
shall begin in January and subsequent
calendar quarters shall be such that
no day is included in more than one
calendar quarter or omitted from In-
clusion within a calendar quarter. No
licensee shall change the method ob
served by him of determining calendar
quariers except at the beginning of &
calendar year

(5) "Commission’” means the Nuclear
Kegulatory Commission or iLs duly au
Lhorized representatives,

40 FR 42557

March 31, 1987
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(6) "Government agency'' means any
vaxccutive department, commission, in
dependent establishment, corporation,
wlhiolly or partly owned by the United
States o1 Americc which Is an nstru
mentality of the United States, or any
board, bureau, division, service, office

fu.’.',rtr authority, adminisiration or
& other establishment In the executive
+« branch of the Government
(7) “Individua!” means any human
being
8 Licensed material means
source mater special nuclear mate

or by-pr material recelved
possessed, used, or transferred under a
neral or specific license issued by
the Commission pursuant to the regu
\tions in this chapter

al

yduct

b ‘ License’ means a license Issued
under the regulations (n Parts 30
~ through 35, 39 40, 60, 61, 70,
r Part 72 of this chapter Licensee

means the holder of such license,
be

Occupational dose includes

exposure of an individua! to radiation

in A& restricted area, or (ll) in the

5 course of employmen! in which the in

dividual's dutles Involve exposure Lo

radiation, provided, that "occupational

dose’’ shall not be deemed to include

any exposure of an Individual to radi

I ation f purpose of medical diag

Lnu;:s or medical therapy of such Indi
vidua

r.

or Lthe

Person
IAl, COrporation

means: (1) Any Individ
partnership, firm, as.
| sociation, trust, estate, public or pri-
| vate institutic grodp, Government
agency other thar the Commission or
the Department (except that the De-
partment shall be considered a person
within the meaning of the regulations
n this part to the extent that its fa-
cilities and activities are subject to the
» & And related regulatory au-
y of the Commission pursuant to
n 202 of the Energy Reorganiza
on Act of 1974 (88 Stat, 1244)), any
State, any forelgn government or
nation or any political subdivision of
any such government or nation, or
other entity; and (ll) any legal succes-
sor, representative, agent, or agency of
| _the foregoing

r
n

r 12) “Radation’” means any or all of
the following: alpha rays, beta rays
gamme rays, X.rays, neutrons, high
speed electrons, high-speed protons,
and other atomic particles; but not
sound or radio waves, or visible, infra-
red, or ultraviolet light

(13) "Radioactive material” includes
any such material whether or not sub
yject to licensing control by the Com
mission

4 Restricted area’” means any
ares access to which is controlled by
the licensee for purposes of protection
f Individuals from exposure to radi
» Ation and radioactive materials. “Re

vy 1 r————“s FR 1M -

March 31, 1987

stricted area’” shall not include any
areas used as residental quarters, al
though a separate room or rooms in a
residential building may be set apart
S A restricted area,

(15) "Source material”’ means

[‘Urnmum or thorium, or any combina

£ tion thereof, In any physical or chem|

3 cal form; or (i1) ores which contain by

x welght one-twentieth of one percent

~ (0.05%) or more of (a) uranium, (b)

* thorium or (¢) any combination there
of. Source material does not include
special nuciear materia

(16) Special nuclear material
means Plutonium, uranium 233,
uranium enriched in the isotope 233 or
in the Isotope 235, and any other ma-
terial which the Comunission, pursuant
to the provisions of section 51 of the
act, determines to be special nuclear
« material, but d-es not include source
material; or ({1) any material artificial-
ly enriched by any of the foregoing
but does not Include source material

-

(17) "Unrestricted area’” means any
area access to which ls not controlled
by the licensee for purposes of protec-
tion of Individuals from exposure Lo
radiation and radioactive materials,
« and any area used for residential gquar-
ters

3952
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(18) "Department” means the De-
partment of Energy established by the
Department of Energy Organizaiion
Act (Pub. L. 95-91, 91 Stat. 585, 42
U.S.C. 7101 et seqg.) to the extent that
the Department, or its duly authorized
representatives, exercises functions
formerly vested in the U.8. Atomic
Energy Commission, its Chalrman,
members, officers and components and
transferred to the US. Energy Re-
search and Development Administra
tion and to the Administrator thereof
pursuant to sections 104 (b), (¢) and
d) of the Energy Reorganization Act
of 1974 (Pub. L. 93-438, 88 Stat. 1233
at 1237, 42 U.SC. 5814) and retrans
ferred to the Secretary of Energy pur-
suant to section 301(a) of the Depart
ment of Energy Organization Act
(Pub. L. 95-81, 1 Stat. 565 at 577-578,
b‘? U.B8.C. 7151)

(19) "Termination’” means the end
of employment with the licensee or, in
the case of individuals not employed
by the licensee, the end of & work as
signment In the licensee's restricted
areas In & given calendar quarter,
without expectation or specific sched
uling of reentry into the licensee's re-
stricted areas during the remainder of
that calendar quarter

e FR 3121%2

1

(b) Definitions of certain other
words and phrases as used in this part
are set forth in other sections, includ
ing

1) "Alrborne radioactivity area
fined In § 20.203

7% FR 10014
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(2) “Radiation area” and “high rad!

’ ation area’ defined In § 20.202
v« (3) "Personnel monitoring equip-
= ment” defined In § 20.202,
~  (4) "“Survey" delined in § 20.201,;

(5) Units of measurement of dose
(rad. rem) defined In § 20.4,
(6) Units of measurement of radioac-

Ltmty defined In § 20.5
20) “Dosimetry processor

2 individual or an organization that

-
nne

processes and evaluales pers

means an

monitorit ¢ nt in ord
1€

1""“" net au
L' the equipment

0204 Units of radiation dose

(a) “Dose,” as used In this part, Is
the quantity of radiation absorbed, per
unit of mass, by the body or by any
portion of the body. When the regula-
tions {n this part speclfy a dose during
& period of time, the dose means the
total quantity of radiation absorbed
per unit of mass, by the body or hy
any portion of the body during such
period of time. Several different units
of dose are in current use. Definitions
of units as used in this part are set
forth in paragraphs (b) and (¢) of this
section

(b) The rad, as used in this part, is a
measure of the dose of any lonizing ra
diation to body tissues In terms of the
energy absorbed per unit mass of the
tissue. One rad is the dose correspond
ing to the absorption of 100 ergs per
gram of tissue (One millirad
mrad)=0.001 rad

«» The rem, as used In this part, 15 a
measure of the dose of any lonizing ra
tissues In terms of
vlogical effect relative Lo A
Jdose roentgen (r) of X-.rays
(One millirem (mrem)=0001 rem
The relation of the rem to other dose
units depends upon the biologica
effect under consideration and upor
the conditions of irradiation. For the
purpose of the regulations in this
any of the following is consid
be equivalent to a dose of one rerr

(1) A dose of 1 r due to X
gamma radiation

(2) A dose of 1| rad due to X,
gamma, or beta radiation

digtion Lo body ILs
estimated t

of one

part

or
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(3) A dose of 0.1 rad due to neutrons
or high energy protons;

(4) A dose of 0.05 rad due to particles =
heavicr than protons and with suff). § ‘he¢ Commission in writing, no inter.

. tion of the meaning of the .
clent energy to reach the lens of the o DIt regu
eye. 1f it s more conveient to meas. & istions in this part by any officer or

4208 Imterpretations.

ure the meutron flux, or equivaient, | Tmwloyee of the other
than to determine the neutron dose in m;gw,mwm
rads, & provided in paragraph (cx3) | [€B unse! will be recognived to
of this section, one rem of neutron ra- Inding upon the Commission.
diation may, for purposes of the regu-

lations In this part, be assumed to be

equivalent to 14 million neutrons per S A .

square centimeter incident upon the
body: or, if there exists sufficient in-
formation Lo estimate with reasonable
accuracy the approximate Aistribution
in energy of the neutrons, the incident ]
number of neutrons per square centl- § Executive Director for
meter equivalent to one rem may be 4 U.8. Nuclear Regulatory

Except where otherwise specified in
re-

Operations,

tions, reports, and applications may be
Neuraow FLux Dose EouvaLents delivered in person st the Commis-
o sion's offices at 1717 H Street NV’

«:.&::.' 4 Aawage b :’uhm::r:.h DC. &r st 7920 Norfolk
. " venue, esda. land.
| oo ven e S, g L -
| SOose 0 ) e neutrons o
‘ s et ons e ) p—
N om " § 508 Wt don selection
| 4 o - e oy reguarevnnee OME pprov |
0 00c 2205 104 800 (8) The Nuclear Regulat
‘ 0 00t 0, oe 70 “'ﬂt
| S v - ol B ™ | information collection ts
| - -y = cuhhdhﬁ.h‘pn.( Office of
10 000 " m‘ Ml
-y - o % | epproval as required by the
7 2410 " m‘hﬂ.‘w “U“- 860 ot
114 24,0 L3 ‘” .m
whw R » :‘J—«.m ta
cortained in this part control
(d) For determining exposures to X | sumber $150-0014.
Or gamma rays up to 3 Mev, the dose ! ) The spproved informstion
limits specified in §§ 20.10] to 20.104, & requiremants contained in this
inclusive. may be assumed Lo be equiv- § part appear in §§ 30.102, 50.108, 20.108,
alent to the “air dose’'. For the pur- ¢ 30.108, 30203, 30306, 30.502, 30.811,
pose of this part “air dose’ means Lthat { 30,401, 30.402 20.608, 30,408, 30407,
the dose is measured by & properly ; 30.408, wod 20 408,

calibrated appropriate instrument in

:
%
|
i

air at or near the body surface in the
\resion of highest dosage rate those m =¢l.. 1
number o paregraph (s) of thie
- ssction. mﬂ-“
0205 Units of radionctivity. requirements and the control wambers
) Mtou:u'vny :cuhml onl:r’., :hnz M*'“ they are snproved arv es
for purposes of the tions
part shall be, measured in terms of dis- (1) In §§ 20101 and 20.102, Porm
integrations per unit time or in ~uries. | NRC<4 is approved under control
sumber ¥180-0008.

oy .:uf:“:‘; 10 * disin
second (dps)=2.2x10" tegrs-
”uéu per minute (dpm) Commonly
used submultiples of the curie are the
millicurie and the microcurie:
(1) One millicurie (mCi) '=0.00]

;
If
§

4¢ TR 123%2

i

Poacissizie Doses, LEVELS AND
curie (C1) 'w3.7x10" dps. Comcerraa
(2) One l-u’cncurh (uC1) '=0.000001 o
curie«3.7x10" dps. $2010] Radiation dose standards for in

- dividuals in rewtricied aress.
*  (8) In accordance with ti:e provision:
®) 1Buinal 40 FR 50704 2 of §20.103), u:dfnetpt - pmvwodu
Deteted in parsgraph (b) of this section, no U-
- by censee shall possess, use, or transfer L.
censed material in such & manner as to

203

Except as specifically authorised by
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| cause any individual in & restricted
!mwmlnmlnynﬂodofone

20.102(b)

E

quarter from radioactive ma-

terial and other sources of radiation &
‘ occu

pational dose in excess of
specified in the follow-

-@z

REms pEn CALENDAR QUARTER
L

% total occupational dose to the whole
= body

grester than that permitied

Com:nission. & h (a) of this section,
estimated from the following table T Washington, D.C. 20855, Communica- :\’a:l:‘::’.%uunp

P (1) During any calendar quarter the
tota) occupational dose to the whole
_body shall not exceed 3 rems, and

™ (2) The dose to the whole body,
when added Lo the sccumulsted occu-
pational dose to the whole body, shall
not exceed 5 (N-18) rems where "N
equals the individual's age In years at
hiz Jast birthdsy, and

(3) The licensee has determined the

SFR 10918

-

individual's accumulated occupsationa)
dose to the whole body on Form NRC-
4. or on a clear and legible record con-
taining all the information required in
that form. and has otherwise complied
with the requirements of § 20.102. As
used In paragraph (b), “Dose to the
whole bady” shall be deemed o In-
clude any dose to the whole body,
gonads, active blood-forming organs,
head and trunk, or lens of eye

820102 Determination of prior dose.

(a) Each licensee shall reguire any
individual. prior to first entry of the
individual Into the licensee's restricted

circumstances
that the individual will receive or &
ely to receive In any period of

;
T

BEghEatgeses
gggiggsg}sgi;
- EEE%E;Ezii
E!l EEz'E
it
sepifd e
s

|
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(1) Obtain a certificate on Form

’ NRC4, or on & clesr and Jegible
record containing all the information
required in that form, signed by the
individual showing each period of time

&
]

cordance with the instructions Appear-
ing clear and legible
e informa.ion
required in that form, the pz:omly

?
;

§ 20.101(b)
(€X1) In the preparation of Form
NRC-4, or & clear and legible record

containing al! the information re-
Quired in‘that form, the licensee shal)
make & reasonable effort to obtaln re-
ports of the individual's previously ac-
cumulated occupationa) dose. For each

period for which the )icensee obtains

20-3a
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such reports, the licensee shall use the
dose shown (n the report in preparing
the form. In any case where a licensee
is unable Lo obtain reports of the indi-
vidual's occupational dose for a previ.
ous complete calendar quarter, it shall
be assumed that the (ndividual has re.
Lelved the occupational dose specified
in whichever of the following columns
apply

«
-

'.q r__an 0914
i3

Cowmn 1= Coumn 2
| “Assumes | Assumec
ooewe B 00k e ©
don o 1o o
" o' bod, vt cawnoe
Quene's pror -iiedd
% der 1 Deganng or
19 o e Jar
1oAY
Whow  boty  goneds
acive 24000 tormeng
opans heat #nd tum
o o n, AL

(2) The licensee shall retain and pre-
serve records used In preparing Form
NRC-4 unt{] the Commission author-

g_l.&!l their disposition

25 FR o9

[Tt calculation of the individual's sccu-

mulated occupational dose for all peri-
ods prior to January 1, 1961 yields a
result higher than the applicable accu-
mulated dose value for the individual
&5 of that date, as specified In pars:
graph (b) of § 20101, the excess may
be disregurded

b—-

—

20103 Exposure of individuals to con.
centrations of radiosctive materials in
air in restricied areas.

(a)(1) No licensee shall possess, use,
or transfer licensed material in such a
manner as Lo permit any individual in
& restricted area to inhale a quantity
of radioactive material in any period
of one calendar quarter greater than
the quantity which would result from
Inhalation for 40 hours per week for
13 weeks at uniform concentrations of
radioactive material in air spacified in
Appendix B, Table 1, Column 1.'*' If

the radioactive material s of such
form that (intake by absorption
through the skin is likely, individual

either i(nhalation absorption or
both routes of intake ‘* in any calen-
dar quarter does exceed

week for 13 weeks at uniform concen-
trations specified In Appendix B,
Table I, Column 1.

(2) No lcenses shall possess, use, or
transfer mixtures of U-234, U-235, and
U-238 in soluble form in such a

September 1, 1982

~
v

-
.
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manner as to permit any indiviaual 1n | would result from inhalation of such
A restricted area to inhale a quantity

of such material

in excess of the

material for 40 hours at the uniform
concentrations specified in Appendix

intake limits specified in Appendix B, | B, Table 1, Column 1 as is reasonably
Table I. Column 1 of this part. 1f such o achievable. Whenever the intake of ra-
soluble uranium is of & form such that S dioactive material by any individual
absorption through the skin is likely, & exceeds this 40-hour control measure,
individual exposures to such materia) @ the licensee shall make such evalua:
shall be controlled so that the uptake - tions and take such actions as are nec-
of such material by any organ from * essary to Assure against recurrence.

either inhalation or absorption or
both routes of intake ‘ does not exceed
that which would result from inhaling
such material at the limits specified in
Appendix B. Table I, Column 1 and
footnote 4 thereto

(3) For purposes of determining
compliance with the requirements of
this section the licensee shall use suit-
able measurements of concentrations
of radioactive materials in alr for de-
tecting and evaluating airborne radio-
activity in restricted areas and in addi-
tion. as appropriate, shall use meas-
urements of radioactivity in the body,
measurements of radioactivity excret.
ed from the body, or any combination
of such measurements as may be nec-
essary for timely detection and assess:
ment of individual intakes of radioac-
tivity by exposed individuals. It is as-
rumed that an individual inhales ra-
dioactive material at the airborne con-
centration in which he s present
unless he uses respiratory protective
equipment pursuant to paragraph (c¢)
of this section. When assessment of a
particular individual's intake of radio-
active material 15 necessary, intakes
less than those which would result
from inhalation for 2 hours in any on¢
day or for 10 hours in any one week at
uniform concentrations specified in
Appendix B, Tabdle 1, Column 1 need
not be included in such assessment,
provided thrt [or any assessment in
excess of these amounts the entire
amount is included.

(b)1) The licensee shall, as a precau-
tionary procedure, use process or
other engineering controls, to the
extent practicable, to limit concentra-
tions of radioactive materials in alr to
Jevels below those which delimit an
airborne radiosctivity area as defined
in § 20.203¢d X1 X141,

(2) When It is impracticable to apply
process or other engineering controls
to limit concentrations of radioactive
material in alr below those defined In
¥ 20.203(dX1XL), other precautionary
procedures, such as incressed survell-
lance, limitation of working times, or
provision of respirstory protective
equipment, shall be used to maintaln
intake of radioactive material by any
individunl within any period of seven
consecutive days as far below that
intake of radioactive material which

47 FRISIS2
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The licensee shall maintain records of
such occurrences, evaluations, anc ac-
tions taken in a clear and readily iden-
tifisble form suitable for summary
hnview and evaluation

r (c) When resplre 'ory protective
praent s used to limit the inhalstion
alrborne ndmel’:o “nw.\'dm
pursuant to 2)
saction. the m uhclrun equipment
tha! is certified or had certification
ex‘ended by the National Institute for
Occupational Salety and Health/Mine
Safety and Health Adminiswation
/MSHA). The licensee may
make allowanca for this use of
respiratory protective equipment in
estimating exposures of individuals to
this material provided that

Since the concentration specified for tri-
tium oxide Vapor assumes equal intakes by
Sk absorption and inhalation. the total
intake permittad s twice that which would
result from (nhalation alone at the concen.
tration specified for H 3 8 in Appendix B,
Table 1, Column | for 40 hours per week for
13 weeks

'For radon 222. the limiting quantity is
that inhaled In s period of one calendar
year. For radioactive materials des gnated
‘Sub’ In the “lsotope’ column of the table,
the concentration value specified s based

upon exponure Lo Lthe material o8 an exter-
nal radiation source. :ndividus) exposures W
these materials may be accounted for s
part of the limitation on Individual dose in
§ 20,101 These nuclides shall be subject o
the precautionary procedures required by
§20.103(bX1).

‘Multiply the concentration values spec!:
fied In Appendix B, Table 1, Column 1, by
6.3x10' m) o obtaln the quarterly quantity
!.:::ulnuy ‘he concentration value spec-
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(1) The licenses selects respiratory
protective equipment tha! provides o
protection fac'or greater than the
multiple by which peak concentrations
of radicactive nalonul:n‘d th';.

ares are expected (o ax
Wmm in Appendix B, Table L,
Column 1 of this part. The equipment so
selected shall be used s0 that! the
verage concentration of redicactive
in the air that is inhaled during
of uninterrupted use in an
radicactivity area, on any day,
any individual using the squipment,
8ot excest ihe values specified in
B, Table . Column 1 of this
For the purposes of this paragraph,
the concentration of radioactive
material i the air that ie inbaled when
respirators are worn may be estimated
by dividing the ambient concentration in
alr by the protection factor specified in
Appendix A of this pert. If the exposure
4 later found 1o be greater than
sstimated, the corrected value shall be
wsed: If the exposure s later found 1o be
Aess than estimated, the corrected value
may be used

(2) The licenses maintains and
implements & respirsiory protection
program that includes. a# 8 minimum
alr sampling sufficient to identify the
bazard. permit proper equipment
selection and estimate exposures
surveys anc bioassays as appropriate to
evaluste actual exposures. written
procedures regarding selection. fitting
and maintenance of respirators, and
mn&d respirators for operability
immediately prior to each use; written

procedwes

supervision and

respirators, and et least every 12 months
thersafter that the individua! user s
phys/cally able to use the respiratory
protective equipment

(3) A written policy statement on
respiretor usage shall be lssued covering

ann' conditions. or any other
m‘:tﬂ#ﬂmwnml
{4) The Losnsee waes equipment

T FRI6S2

A of this

| protection factors under the proposed
| conditions of use

| fe) Where equipment of &

type bas pot been iested

ot had certification extended. by
NIOSH/MSHA, or where them s no
| axisting schedule for et and

certification of certatn equipment. the
lcansee shall not make allowance for
this squipment without specific
suthorization by the Commission. An
application for this suthorization mus!
include o demonstration by testing, or
oo the basie of reliable test information,
that the uum.l'nz performance
charactaristios equipmen! are
capable of providing the proposed
degree of protection under anticipeted
conditions of use

(N Only squipment that has been
mclﬂu(l certified or bed certification
extended {or emergency use by NIOSH/
MSHA shall be used as emergency
devices

" The licensee shall notify In wril.
ing the Director of the appropriate Nu-
tlear Reguatory Commisnon Inspection
and Enforcement Regiona) Office listed
in Appendix D at Jeast 30 days before Lhe
date Lhal respiratory proleclive equip-
ment is Arst used under Lhe provisions
Lo! this section

—
§20104 Exposure of minors

(a) No licensee shall possess, use, or
transfer licensed material in such a
manner as to cause any individual
within a restricted ares who s under
18 years of age, L0 receive in any
period of one calendar guarter from
radioactive material and other sources

.o! radiation In the licensee's posses-

sion s dose In excess of 10 percent of

the limits specified in the table in

« Paragraph (a) of § 20.101

& (b) No licensee shall possess, use or

K transfer licensed material in such a
manner a8 Lo cause any individual
within a restricted area, who s under
18 years of age 10 be exposed to alr
borne radioactive material possessed
by the licensee In an sverage concen-
tration in excess of the limits specified

» tion except that
E §1 20.103(bX2) and 20.103(¢c) to Appen
¥ deemed to be references to Appendix
La. Table 11, Column 1

(¢) The provisions of §§ 20.103(bX2)
and 20.103(c) shall apply to exposures
subject to paragraph (b) of this sec-
the references In

dix B, Table I, Zolumn 1 shall be

[0 20105 Permissible bevels of radiation in
unresiricted aress

(a) There may be included in any ap
plication for a license or for amend
ment of a license proposed limits upon
levels of radiation in wunrestricted
areas resulting from the applicant’s

possess/on or use of radioactive mate
rial and other source: of radiation
Such applications should include in-
formation as to anticipated AVErage ra-
distion levels and anticipated cccupan-
cy times for each unrestricted ares in
volved. The Commission will approve
the proposed lmits {f the applicant
demonstrates that the proposed limits
are not likely to cause any individual
Lo receive a dose Lo the whole body in

e (b)
& Commission pursuant to paragraph (a
g Of this section, no licensee shall pos
& sess, use or transfer licensed material
Kin such & manner as to create in any

any period of one calendar year in
excess of 0.5 rem

Except as authorized by the

unrestricted area from radioactive ma
terial and other sources of radiation in
his possession

(1) Radiation levels which, {f an tnd
vidual were continuousiy present in
the ares, could result in his receiving a
dose In excess of two miilirems {n any
one hour, or

(2) Radiation levels which, {f an indi
vidual were continuously present in
the area, could result in his receiving a
dnse in excess of 100 millirems in any
seven consecutive days

— 06 FR1ES2Y

T

(¢) In addition to other requirements
of this part, licensees engaged in urs-
nium fuel cycle operations subject to
the provisions of 40 CPR Part 190,
“Environmental Radiation Protection
Standards for Nuclear Power Oper-
ations,” shall comply with that part

§20.106 Radiosctivity in effiuents to un-
restricied areas.

(8) A licensee shall not possess, use
or transfer licensed material 8o as o
reiease to an unrestricted ares radioac.
tive rmaaterial in concentrations which

within Hmitations for type and mode of in Appendix B, Table II of this part. § gxceed the limits specified in Appen-

For purposes of this paragraph, con- edix B e this except

centrations may be averaged over peri- « .umdmm ,ﬁr:\fm &mg'ao.so? :

0ds not greater than a week R paragraph (b) of this section. Por pur
poses of this section concentrations
may be averuged over a period not
greater than one year

capebilities (lui:b as sdequate skin
protection) when needed

(d) Unless otherwise authorized by
the Commission. the boensee shell no.
sasign protection factors o exoese of

|
|
|
J
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(b) An application for a license or
amendment may Include proposed
limits higher than those specified in
paragraph (a) of this section. The

Commission will approve the proposed
limits {f the applicant demonstrates:

(1) That the applicant has made »
reasonable effort to minimize the ra:
dioactivity contained (n effluents to
unrestricted areas, and

(2) That it is not likely that radioac-
tive material discharged in the efflu
ent would result in the exposure of an
individual Lo concentrations of radio:
active material in alr or water exceed.
ing the limits specified in Appendix B,
Table 11 of this part

(¢) An application for higher limits
pursuant to paragraph (b) of this sec.
tion shall inciude information demon:
strating that the applicant has made a
reascnable effort to minimize the ra.
dioactivity discharged in effluents to
unrestricted areas, and shall include,
as pertinent

(1) Information as to flow rates,
total volume of effluent, peak concen-
tration of each radionuclide in the ef-
fluent, and concentration of each radi-
onuclide in the effluent averaged over
2 period of one year at the point
where the effluent Jeaves a stack
tube, pipe, or similar conduit;

(2) A description of the properties of
the effluents, including

(1) Chemical composition;

(11) Physical characteristics, includ-
ing suspended solids content in liquid

s effluents, and nature of gas or aeroso)

for air effluents,

(1il) The hydrogen ion concentra
tions (p*) of liquid effluents: and

(1v) The size range of particulates in
effluen's released into alr.

(3) A description of the anticipated
human occupancy Ln the unrestricted
area where the highest concentration
of rudioactive material from the efflu-
ent is expected, and. in the case of a
river or stream. a description of water
uses downstream from the point of re-
lease of the effluent.

(4) Information as to the highest
concentration of each radionuclide in
An unrestricted area, including antici-
pated concentrations averaged over a
period of one year:

(1) In alr at any point of human oc-
cupancy.; or

(1) In water at points of use down.
stream from the point of release of
the effluent.

(8) The background concentration of
radionuclides In the recelving river or
stream prior to the release of liquid ef.
fluent.

(8) A description of the environmen-
tal monitoring equipment, including
sensitivity of the system, and proce-
dures and calculations to determine
concentrations of radivnuclides in the

unrestricted ares and possible recon-

September 1, 1982

b
¥

o

PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

centrations of radionuclides.

(1) A description of the waste treat.
ment facilities and procedures used to
reduce the concentration of radionu-
clides in effluents prior to their re-
lease

(d) For the purposes of this section
the concentration lmits in Appendix
B. Table II of this part shall apply st
the boundary of the restricted area.
The concentration of radioactive ma-
terial discharged through s stack, pipe
or similar conduit may be determined
with respect to the point where the
material leaves the conduit. If the con-
duit discharges within the restricted
area, the concentration at the bound:
ary may be determined by applying
appropriate factors for dilution, dis-
persion, or decay between the point of
discharge and the boundary.

(e) In addition to limiting concentra:
tions in effluent streams, the Commis-
sion may limit quantities of radioac-
tive materials released (n air or water
during a specified period of time if it
appears that the dally intake of radio-
active material from alr, water, or food
by & suitable sample of an exposed
population group, averaged over a
period not exceeding one year, would
otherwise exceed the dally intake re-
sulting from continuous exposure to
Alr or water containing one-third the
concentration of radioactive materials
specified In Appendix B, Table II of
this part '

™ (1) The provisions of paragraphs (a)
through (e) of this section do not
slpply Lo disposal of radioactive materi-
w A

Into sanitary sewerage systems,

§ which is guiernced vy ¢ 20.203

(g) In addition to other require.

¢ ments of this part, licensees engaged
e I0 uranium fuel cycle operstions sub-

S R BT 1)

ject to the provisions of 40 CFR Part
190, “"Environmental Kadiation Protec-
tion Standard for Nuclear Power Op-
jerations.” shall comply with that part. £

-

$20107 Medical diagnosis and therapy.

Nothing In the regulations in this
part shall be interpreted as lmiting
the intentional exposure of patients to
radiation for the purpose of medical
diagnosis or medical therapy.

020108 Orders requiring furnishing of
bio-assa) services

Where neceasary or desirable In
order to aid in determining the extent
of an individual's exposure to concen-
trations of radioactive material, the
Commission may incorporate appro-
priate provisions in any license, direct.
ing the licensee to make available to
the individuanl appropriate bio-assay
services and to furnish a copy of the
reports of such services to the Com-
mission

20.202(b)

PRECAUTIONARY PROCEDURES

§20.200 Survers

(&) As used in the regulations in this
» DAL, “survey’ means an evaluation of
@ the radiaiion hazards Incident to the
=~ production, use release, disposal, or

Epruonce of radioactive materials or

other sources of radiation under a spe
cific set of conditions. When appropri
ate, such evaluation includes & physi-
cal survey of the location of materials
and equipment, and measurements of
levels of radiation or concentrations of
radioacti'e materinl oresent

r(b) Each licensee shall make or

S Cause to be made such surveys as (1)
emay be necessary for the licensee to

:comply wWith the regulations in this
wPArt, and (2) are reasonable under the
elircumstances to eva'uate the extent

La! radiation hazards that may be pres-
ent

(020202 Personnel monitoring

(a) Each licensee shall supply appro-
priate personnel monitoring equip:
ment to, and shall require the use of
such equipment by

(1) Each individual who enters a re-
stricted area under such circumstances
that he receives, or is likely to recelve,
& dose (n any calendar gquarter in
excess of 25 percent of the applicable
value specified in paragraph (a) of
§20.101.

(2) Each Individual under 18 years of
age who enters a restricted ares under
such circumstances that he receives,
or is likely to receive, & dose in any cal-
endar quarter in excess of 5 percent of
Zthe applicable value specified in pars-

Sgraph (a) of § 20.101.
¢ (3) Each individual who enters a
“ high radiation area.

(b) As used In this part,

(1) “Personnel monitoring equip-
ment” means devices designed to be
worn or carried by an individual for
the purpose of measuring the dos? re.
celved (e.g., fllm badges, pocket cham-
bers, pocket dosimeters, fllm rings,
ete.);

(2) “Radiation area” means any
ares, accessible Lo personnel, in which
there exists radiation, originating i
whole or in part within lioensed mate-
rial, at such Jevels that a major por:
tion of the body could receive in any
one hour & dose In excess of § mil.
lirem, or in any § consecutive days &
dose (n excess of 100 millirems;

(3) "High radiation area’’ means any
area. accessible to personnel, in which
there exists radiation originating
whole or in part within licensed mate-
ria) at such Jevels that a major portion
of the body could receive in any one
:our s dose in excess of 100 millirem.




20.202(c)

(c) All personnel dosimeters (excep
for direct and indirect reading pocket
ionization chambers and those
dosimeters used to measure the dose to
“ands and forearms feet and ankles)
that require processing to determine the
radiation dose and that are utilized by
licensees to compm with paragraph (a)
of this section, with other applicable
provisions of 10 CFR Chapter |, or with
conditions specified in & licensee's
license must be processed and
evaluated by & dosimetry processor:

(1) Holding current perscanel
dosimc iry accreditation froin the
National Voluntary Laboratory
Accreditation Program (NVLAP) of the
National Bureau of Standards, and

(2) Approved in this accreditation
process for the type of radiation or
radiations included in the NVLAP
program that most closely approximate
the type of radiation or radiations for
which the individual wearing the
| dosimeter is monitored

FR 460)

)Note: (¢) effective 2/12/88

rl 20.203 Caution signs, labels,
controls.

(a) General. (1) Except as otherwise
suthorized by the Commission, sym-
bols prescribed by this section shall
use the conventional radiation caution
colors (magenta or purple on yellow
tackground) The symbol prescribed
by this section is the conventional
three-bladed design:

P ADIATION SBYMBOL

1 Cross-hatched area is to be magenta or
purple.

2 Background is to be yellow

PART 20 « STRQNDARDS FOR PROTECTION AGAI

CAvUTION
RADIATION AREA

(¢) High radiation areas. (1) Each
high radiation area shall be conspicu-
ously posted with a sign or signs bear-
ing the radiation caution symbol and
the words:

CavTiON

Hicn RADIATION AREA

(2) Each entrance or access point to
8 high radiation area shall be:

(1) Equipped with a control device
which shall cause the leval of radi
ation to be reduced below that at
which an individua! might receive a
dose of 100 millirems in 1 hour upon
entry into the area; or

(i) Equipped with a control device
which =hall energize a conspicuous
visible or audible alarm sigral in such
& manner that the individval entering
the high radiation area Lnd the licens-

FR 5033

signals and @

ee or & supervisor of the activity are
made aware of the entry; or

(111) Maintained locked except during
periods when access to the area is re-
quired, with positive control over each
individual entry.

(3) The controls required by para-
graph (¢)(2) of this section shall be es-
tablished in such a way that no indi-
vidua) will be prevented from leaving a
high radiation area.

(4) In the case of & high radiatiow
ares established for a period of 30
days or less, direct surveillance to pre-
vent unauthorized entry may be sub-
stituted for the controls required ty
paragraph (¢)(2) of this section.

(5) Any licensee, or applicant for a li-
cense, may apply to the Commission
{rr approval of methods not included
in paragraphs (¢)2) and (4) of this sec-
tion for controlling access to high ra.
diation areas. The Commission will ap-
prove the pruposed alternatives {f the
licensee or applicant demonstrates
that the alternative methods of con-
trol will prevent unauthorized entry
into & high radiation area, and that
the requirement of paragraph (¢)3) of

_Lhu section is met,

T RADIATION 20.203(c)

(i) Have each entrance oOr access
point equipped with entry control de-
vices which shall function automati-
cally to prevent any Individual from
inadvertently entering the area when
such radiation levels exist; permit de-
liberate entry into the area only after
a control device ix actuated that shall
cause the radiation level within the

& area, from the sealed source, to be re-
~ duced below that at which it would be
& possible for an individual to receive a
- dose in excess of 100 mrem (n one

* hour; and prevent operation of the
source if the source would produce ra-
diatior: levels in the area that could
result in a dose to an individual in
excess of 100 mrem in one hour. The
entry control devices required by this
paragraph (¢X6) shall be establishcd
in such a way that no individual will
be prevented from leaving the area.

~ (11) Be equipped with additional con-
trol devices such that upon failure of
the entry control devices to function
as required by paragraph (eX6x1) of
this section the radiation level within
the area, from the s~aled source, shall
be reduced below that at which it
would be possible for an individual to
receive a dose in excess of 100 mrem in
one hour; and visible and audible
alarm signals shall be generated to
make an individual sattempting to
enter the area aware of the hazard
and the licensee or at least one other
individual, who is familiar with the ac-
tivity and prepared to render or
summon assistance, aware of such fall-
ure of the entry control devices.
(i) Be equipped with control devices

physical radiation barrie:s other than
the source's snielded storage container
the radiation level from the source
shall be reduced below that at which it
would be possiole for an individual to
receive a dose in excess of 100 mrem in
one hour; and visible and sudible
alarm signals shall be generated to
make potentially affected individuals
awere of the hazard and the licensee
or at least one other individual, who is
familiar with the activity and pre-
pared to render or summon assistance,
aware of the fallure or removal of the
physical barrier. When the shield for

o
-
0
& su.n that upon failure or removal of
~
-

the stored source is & liquid, means
shall be provided to monitor the integ-
rity of the shield and L0 signal, auto-
matieally, loss of adequate shielding.
Physical radiation barriers that com-

£7 (6) Each ares in which there may

S exist radiation lev:ls in excess of 500
% rems in one hour at one meter {rooi &
& sealed radio-active source ' that is used

- . — — - — - -

S’ DA

(2) In addition to the contents of
signs and labels prescribed in this sec-
tion, licensees may provide on or near
such signs and labels any additional
information which may be appropriate
in aiding individuals to minimize expo-
sure to radiation or to radioactive ma-
terial.

(b) Radiation areas. Each radiation
area siall be conspicuously posted
with © sign or signs bearing the radi-
ation caution symbol and the words

Lto irradiate materials shall: *

'Or "Danger”

'This paragraph (cX6) does not apply to
radioactive sources that are used in tele-
therapy, in radiography, or in completely
self-shielded (rradiators (n which the source
is both stored and operated within the same
shelding radiation barrier and, in the de-
signeu configuration o the irradiator, s
always physically inaccessible to any indi-
vidua! and cannot create high levels of radi-
ation In an area that ) nccessible to any in-
dividual. This paragranh (¢X6) also does not
apply to sources fron: which the radiation is
incidenta) to some other use nor Lo nuclear
reactor generated radiation other than radi
ation from byproduct, source, or special nu-
clear materials that are used In sealed

20-7

svurces In non-self-shielded (rradiators

'These requirements apply after Mar. 14,
1978 Each person licensed to conduct activi-
ties to which this paragraph (eX6) applies
and who is not in compliance with the provi-
sions of this paragraph on Mar 14, 1978
shall file with thy Director. Office of Nucle-
ar Material Bufety and Safeguards, US. Nu-
clear Regulatory Commission, Washington,
D.C. 20855, on or before June 14, 1978, in-
formation describing in detall the actions
taken or to be taken Lo achieve compliance
with this paragraph by Dec. 14, 1978, and
may continue activities in conforinance with
present license conditions and the provi-
sions of the previously effective § 202034
unti) such compliance is achieved For such
persons compliance must be achieved not
later than Dec. 14, 1978

May 29, 1987 (reset)




20.203¢)

prise permenent structural compo
nents, such as walls, that nave no
credible probab.lity of failure or re-
moval in ordinary circumstances need
not meet the reguirements of this
= paragraph (c)(E)iii),
(lv) Be equipped with devices that
« Will automatically generate visible and
“ audible alarm signals to alert person-
Y nei in the area before the source can
be put into operation and in sufficient
time for any individual in the area to
operate » clearly identified control
device wnicn shal' be installed in the
area and which can prevent the source
from being put into operation.

f—'w) Be controlled by use of such ad-
| ministrative procedure and such de-

‘ices As are necessary to assure that
~ the area Is cleared of personnel prior
x to each us. of the source preceding
% which use it might have been possible
* for an individual to have entered the
Lares

[ (vi) Be checked by a physical radi-
ation measurement to assure that
prior to the first individual's entry
into the area after any wuse c¢f the
source, the radiation level from ihe
source (n the area is below that at
which it would be possible for an indi:
vidual to receive 4 dose in excess of
100 mrem in one hour.

(vil) Have entry control devices ie-:
quired in paragraph (¢)6X1) of this
section wiich have been tested for
proper {unctioning prisr to (nitial op-
eration with such sour.e® of rediation
on gny day that operations are not un-
interruptedly continued fror~ the pre-
vious day or before resuming oper-
ations wfter any unintended interrup-
tion, and for which records are kept of
the dates, times, and results of such
tests of function. No operations other
than those necessary to place the
source in safe condition or to effect re-
paris on controls shall be conducted
with such source unless control de-
vices are functioning properly. The li-
censee shall submit an acceptable
schedule for more complete periodic
tests of the entry control and warning
systems to be established and adhered
to as a condition of the license.

(vill) Have those entry and exit por-
tals that are used in transporting ma-
terials to and from the irraciation
area, and that are nct intendea fo. use
by individuals, controlled by such de-
vices and administrative procedures as
are necessary to physically protect and
Warn against inadvertent entry by any
individual through such portals. Exit
portals for processed meterials shall
be equipped to detect and signal the
presence of loose radiation sources
that are carried toward suth an exit
and to automatically prevent such
loose sources from being carried out of

‘he area
b om——

42 FR 54619 —
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(7) Licvnsees witi, or applicants for,
licerses for radiation sources that are
within the pucview of paragraph (¢)6)
of this section, and that must be u.ed
in a variety of positions or in peculiar
iccations, such as open fields or for-
ests. that inake it impracticabie to
comply with certain requirements of
paragraph (¢)(6) of this section, such
as those fur the automatic control of
radiation levels, may apply to the Di-
rector, Office of Nuclear Material
Safety and Safeguards, US. Nuclear
Regulatory Conurission, Washington,
D.C. 20555, for approval, prior te use
of safety measures that ar2 alternative
10 those specified in paragraph (cX6)
of this section, and that will provide at
least an equivalent degize of person-
nel protection in the use of such
sources. At least one of the alternative
measures must include an ertry-pre.
venting interlock control bused on &
physical measurement of radiation
that assures the absence of high radi-
ation levels before an individual can
gain access to an area where such
scurces are used.

e =

(d) Atrdbo™ne radioactivity areas (1)
As used in the regulations in this part
“airborne radioactivity area” means (i)
aAny room, enciosure, or operating area
in which airborne radioactive materi.
alc composed wholly or paruy or li
censed material, exist in corcentra-
tions in excess of the amounts speci-
fied in Appendix B, Table I, Column 1
of this part; or (1) any room. enclo-
sure, or operating area 11 which air
borne radioactive material composed
wholly or partly of licensed material
exists in concentrations which, aver-
. Mged over the number of hours in any
s week during which individuals are in
ethe area, exceed 25 percent of the
z Amounts specified in Appendix B
“ Table 1, Column 1 of this part
% (2) Each airborne radioactivity area
shall be conspicuously posted with a
Sign or signs bearing the radiation 2au-
tion symbol and the words

CAUTION '

AIRBORNE RADIOACTIVITY AREA

(e) Additional reguiremenis. (1)
Each area or ros:y in which licensed
material s used or ctored and which
contains any radioactive material
(other than natural uranium or thor-
fum) in an amount exceeding 10 times
the quantity of such material spesified
in Appendix C of this part shall be
conspicuously posted with & sign or
signs bearing the radiation caution
symbol and the words:

'Or “Danger”
'As appropriate. the information will in-
clude radiation levels, kinds of material es.

3. FR 19546

1FR 10514

20.203(f)

Cavrtion !

RADIOACTIVE MATERIAL(S)

= (2)Each area or room in which naty
g ral uranium or thorium is used or
= stored in any amount exceeding one
« hundred times the quantity specified
o in Appendix C of this part shall be

conspicuously pested with a sign or
signs bearing the radiation caution
s;mbol and the words:

—

CauTiON '

RADIOACTIVE MATERIAL(S)

(f) Containers. (1) Except as pro-
vided in paragraph ({)(3) of this sec-
tion, each container of licensed rate-
rial shall bear a durable, clearly visible
.abel identifying the radioactive con-
tents.

(2) A label required pursuant to
paragraph (f)(1) of this section shall
bear the radiation caution symbol and
the words "CAUTION, RADIUAC.
TIVE MATERIAL" or “DANGER,
RADIOACTIVE MATERIAL". It shall
also provide sufficient information ’ to
peimit individuals handling or using
the containers, or vorking in the vicin.
ity thereof, to take precautions to
avoid or minimize exposures.
| (3) Notwithstanding the provisions

of paragraph (f)(1) of this section la-
= beling is not required:
§ (1) For containers that do not con-
x tain licensed materials in quantities
% greater than the applicable quantities
m listed in Appendix C o! this part.

(i1) For containers containing only
natural uranfum or thorium in quanti.
ties no greatur than 10 times the appli-
cable guantities listed in Appendix C
of this part.

(iil) Four containers that do not con-
tain licensed materials in concentra-
tions greater than the applicable con-
centrations listed in Appendix B,
Table I, Column 2, of this part.

tiv) For containers when they are at-
tended by ar individual who takes the
precautions necessary to prevent the
exposure of any individual to radiation

or radioactive mater'als in excess of
the limits established by the regula-
tions in this part.

(v) For contuiners when they are in
trensport alid packared and labeled in
accordance with egulations of the De-
partment of fransportation.

“ (vi) For containers which are access|-

ble ! only to individutls authorized to
handle or use them, or to work in the

= vicinity thereof, provided that the con-

tents are identified to such individuals
by a readily avallable written record.
(vil) For manufacturing or process

timate of aetivity. date for which activity is ™ eQuipment, such as nuclear reactors,

estimated mass enrichment. el

20-8

Lrenctor components, piping, and tanks,
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—

(4) Each Hoensee shall, privr (o dis-
of an empty uncontaminated
tainer to unrestricted areas,
ove or deface the radioactive mate-
label or otherwise clearly ir.dicate

the container no longer contains
materials

2
1
3

E‘g’é’i

§20.204 Bame: exceptions.

Notwithstandirg the provisions of
§ 20.203,

(8) A room or aresa is not required to
be posted with a caution sign because
& of Lhe presence =7 a sealed source nro-
vided the radiation level twelve inches
from the surface of the source con-
tainer or housing does not exceed five
millirem per hour,

-——'

- (b) Rooms or other areas in hospi-
tals ar2 not required to be posted with
crution signs, and control of entrunce
Or access thereto pursuant to
§ 20.203(¢) 1s not required, because of

the presence of patients containing by-
iproduc' material provided that there
« Are personnel in attendance who will
« take the precautions necessary Lo pre-
% vent the exposure of any individual to
radiation or redioaciive material in
excess of the lmits estublished in the
regulations in this part.

e

(¢) Caution signs are not required to
be posted at areas or rooms containing
radioactive materials for periods of
Jess than eighit hours provided that (1)
the materials nre constantly attended
during such periods by an individual
who shall take the precautions neces-
SATY LO prevent the exposure of any in-
dividual to radiation or radioactive
materials in excess of the limits estab-
lished in the regulations In this part
and; (2) such area or roow is subject Lo
the licensee's control

d) A room or cther ares ‘s not re-
Ww be postad with a caution
sign. and contiol 13 not required for
each entrance o access point to &
room or othsr ar2a which is » high ra-
diation area solely because of the pres-
ence of radioactive materials prepared
for transport and packaged and la-
beled in sccordance with regulations
o0i the Department of Transportation.

'ﬂm—"ﬂ ‘_—-‘!5’!-‘

'Por example containers in jocations such
& water fllled canals. storage vaults, or hot
cells

rl 20205 Procedures for picking wp, receiv.

o PR.Luge expeditiously upon receipt of

= rival
@

0

1 FR 1840

=

v
TARLE OF FExrvet anp Tyeg A QUANTITIES
ing. and opening packages. #

(a)(1) Each licensee who expects to , Gowme
receive & package containing quanti- e o res)
ties of radioactive material in excess of
the Type A quantities specified In
paragraph (b) of this section shall:

(1) 1f the package is 1o be delivered
to the ieens+¢e's ficllity by the carrier,
make arrangements to receive the
packsge when it is offered for delivery
by the carrier; or

(1) If the package is to be picked up
by the licensee at the rarrier’s termi.
nal, make arrangements Lo receive no-
tification from the carrier of the arriv-
al of the package, at the tirae of arriv-
al

Type A
.ﬂ'!:'"
- ounes |

o
-

0
o1

™ |

1
000
1

The GoMmons o “WMpon Group” e “apeol fenm’
e apecied » | 7) 4 of P chap

[Footote | removed 49 FR 19623)

(2) Tach licenses whou picks up 8
package of radioactive material from &
carrirr’'s terminal shall pick up the

(eX1) Each licensee, upon receipt of
& package containing quantities of ra
dioactive material in excess of the
Type A quantities specified in para-
graph (b) of this section, other than
those transported by exclusive use ve.
hicle, shall monitor the mdistion
letels extirmal to the package. The
package shall be monitored as soon &s
practicable after receipt, but no later
than three hours after the package
received at the licensee's facility {f re
ceived during the licensee's normal
working hours, or 18 hours if received
after normal working hours

(2) 1 radiation levels are found on
the external surface of the package in
excess of 200 millirem per hour, or at
three feet from the external surface of
the package in excess of 10 millirem
| per hour,

notification from the carri+; of {8 ar-

(b)(1) Each licensee, upon receipt of §
& oackage of racdioactive material, .
shall monitor the externa surfaces of
the package for radioactive contami-
nation csused by leakage of the radio-
active contents, except

(I° i'ackeges containing no more
than the exempt quantity specified in
the table in this paragraph;

(1) Packages containing no more
than 10 il cwies of :adiocactive ma-
terial consisting solely of tritium,
carbon- 14, sulfur-35, or jodine- 125,

(1) Packages containing only radio-
active material as gases or In special
forme:

(Iv) Packages containing only radio-
aciive material in other than liquid
form (including Mo-99/Tc-#9m gener-
ators) and not exceeding the Type A ¥
quantity limit specified in the tabile in g
this paragraph; and [

(v) Packages containing only radion-
uclides with half-lives of leas than 30
days and s total quantity of no more
than 100 millicuries.

The monitoring shall be performed as
s00n a8 practicable after receipt, Umg
atiane (5 Ponsives & $ve Datness ‘:“' e
nockage is rece [ ‘s fa-
cility f received during the W'll_ y
normal working hours, or eighteen
hours Uf received after normal working
hours.

the ucensee shall immediate-
ly notify by telephone and telegraph
mallgram, or facsimile, the director of
the appropriate NRC Regional Office
listed (n Appendix D, and the final de-
livering carrier.

(d) Each licersce shall establish and
maintain procedures for safely open-
ing packages in which licensed materi-
al 15 received, and shall assure that

§20206 lastruction of personnel.

. Instructions required for
(2) 1f removable radioactive contami- o working in or frequenting .‘:,“ :::.::l,,'
Dation in excess of 0.01 microcuriess ©f & restricted ares are specified in
(22,000 disintegrations per minute) nt § 19.12 of this chapter.
:oo u:u‘nn mun:chuu of mnrl sur-
ace is found on the external

“r 020207 Siorage aad contrel of leeneed

of the package. the lictnsee shall im- materials in unrestricted areas.

mediately noti{ly the final delivering
carsier and, by telephone and tele (8) Licensed materials stored in an
sraph, mallgram or facsimile, the ap- K unrestricted ares shall be secured
propriate Nuclear Regulatory Com-& f{rom unauthorged removal irom the
mission Inspection and Enforcement 't place of storage

Regional Office shown in Appendix D¥ (1) Licersed materials in an unres.
of this part. | tricted area and not in storage shal) be

My 31, 1084



20.207(b)

20.311(b)

PART 20 ¢ STANDARDS FOR PROVECCTION AGAINST RADIATION

tended under the constant survell
lance and immediate control of the li
censee

-

Waste DisrosaL

§20301 General requirement

Nu licensee shall dispose of licensed
malerial except

(8) By transfer to an authorized re
cipient as provided \n the regulations
in Parts 30, 40,60, ¢1. 700r72 of this
* chapter, whichever may be applicable;

or

(b) As authorized under § 20.302 or
Part 81 of this chapter: or

™ (¢) As provided in §20.303, applica
ble to the disposal of licensed material
Dy relesse Into sanitary sewerage sys
tems. or in § 20.306 for disposal of spe-
cific wastes, or (n § 20.108 (Pedioactiyv-
ity in effluents to unrestricted areas

4 FR 162130

r

—

§ 20302 Method for oblining approval of
proposed disposal procedures

(a) Any licensee or spplicant for a if
cense may apply o the Commission
for approval of proposed procedures to
dispose ©of licensed material In a
manner not otherwise authorized In
the regulations in this chapter. Each
pplication should include a descrip-
tion of ‘he licensed material and any
other radioactive material involved, in
cluding the gquantities and kinds of
Juch materia. and the levels of radio-
activity involved, and the proposed
manne: and conditions of disposal
The application should also include an
Analysis and evaluation of pertinent
information as Lo the nature of the en-
vironment, including topographical,
geological, meteorological, and hydro-
logical characteristics, usage of ground
and surface wr'crs in the general area;
the nature and location of other po-
tentially affected facilities. and proce-
dures Lo be observed Lo minimize the
risk of unuxpected or hasardous expo-
sures

b

6 FR 23138

-
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(b) The Commission will not approve
any application for a license for dis
posal of licensed material at sea unles:
the applicant shows that sea disposa)
offers less harm to man or the envi
ronment than other practical alierna:
tive methods of disposal

§20303 Disposal by release into sanitar
sewerage sysiems

No licensee shall discharge licensed
material Into & Sanitary sewerage
sysiem uniess

(a) It is readily solubie or dispersible
in water, and

(b) The guantity of any licensed or
other radioactive matetial released
into the system by the licensee In any
one day does not exceed the larger of
paragraphs (b)l)or (2) of this section

1) The guantity which, If diluted by
the average dailly Juantity of sewage
released Into the sewer by the licens*e,
will result in an average concentration
equal to the limiws specified in Appen:
dix B. Table 1, Column 2 of this part
or

2) Ten times the quantity of such
material specified in Appendix C of
this part, and

(¢) The quantity of any licensed or
other radioactive material released in
any one month, if diluted by the aver
age monthly quantity of water re-
leased by the licensee, will not result
in an sverage concentration exceeding
the limits specified In Appendix 3,
Tavle I, Column 2 of this part, and

‘d) The gross quantity of licensed
and other radioactive mater'al, exclud
ing hydrogen-3 and carbon-14, released
into the sewerage system by tie licens-
ee does not exceed one curie per year
The quantities ¢! hydragen-3 and
carbon-14 relessed into the saaltary
sewerage system may not exceed 5
curies per year for hydrogen-3 and 1
curie per year for carbon-14. Excret»
from individuals undergoing medical
diagnosis or therapy with radioactive
material shall be exempt from any
limivations contained in this section.

020305 Treatment or disposul by inciner.
ation.

No licensee shall treat or dispose of
becensed material by (azinerstion
except for materials listed wunder
§ 20.306 or as specifically approved by
the Commission pursuant o
§120.106(b) and 20.302

120306 Disposal of specific wastes

Any licensee may dispose of the fol-
lowing licensed material without
regard to !ts radioactivity

2040

(next page 4 20-100)

(a) 0.05 microcuries or less of hydro-
gen-3 or carbon-14, per gram of
medium, used for liquid scintillation
counting. and

(b) 0.05 microcuries or less of hydro-
gen-3 or carbon-14, per gram of animal
tissue averaged over the weight of the
entire animal, provided however,
tissue may nol be disposed of under
2this sectiin In a manner that would
Spermit Its use either as food for
g humans or as anli.al feed
(¢) Nothing In this section, however,
s relieves the licensee of maintaining re-
cords showing the receipt, transfer
and disposa! of such byproduct mater|
al :s specified in § 30.5) of this chapter;
an

(d) Nothing In this section relieves
the licensee from complying with
other applicable Federal State and
loca)l regulations governing an: other

.

toxic or hazardous property of these
materi|
| mate als

-

§ 20311 Yranefer for disposal and
manttests.

(a) Purpose. The requirements of this
section are designed to control tranafers
of radioactive waste intended for
disposal at a land disposal facility and
establich & munifest tracking system and
supplement existing requirements
concerning transfers and recordk :3ping
for such wastes. The and
recordkeeping requirements contained
in this section have been approved by
the Office of Management and Budget:
OMB approval No. $150-0014.

(b) Each shipment of redioactive

47 FR ST448
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20.311(Y)

tative of the waste tor
shall sign and date the
(d) Any generating licensde who
transfers radioactive waste to a land
mm«,uowwu
shall comply with the
require: aents (n pha (d)(1)
i e
geners censee who ars wa
1o & licensed waste processor who treats
or repackages waste shall comply with

the ts of paragraphs (d)(4)
W&u section. A’ru(mo

(1) Prepare all wastes so that the
wante is classified according to § 61.55
and meets the waste characteristics
requirements In § 61.56 of this chapter:

(2) Label each package of *vaste to
identify whether it is Class A waste,
Class B waste, or Class C waste, ia
accordance with § 61.55 of this chapter:

(8) Conduct a quality control program
to sssure compliance with §§ ¢1.55 and
©1.50 of this chapter; the m must
nclude management evaluation of
audits:

(4) Prepare shipping manifests to meet
the requirements of §§ 20.311 (b} and (c)
of this part;

(5) Forward a copy of the manifest to
the intended recipient, at the time of
shipment; or, deliver to a collector at the
time the waste is coliected, oblaining
scknowledgement of receipt in the form
of a signed copy of the manifest or

equivalent documentation trom the
collector;

(0)hciudomoopydlhanmﬂn|
with the shipment:
of the manifert and

(7) Retain o
documentation of acknowledgement of

receipt as the record of transfer of
licensed material as raquired by Parts
90, 40, and 70 of this chapter: and,

(8) For any shipments or any part of a
shipment for which acknowledgement of
receipt has not been received within the
times set forth in this section, conduct
an investigation in eccordaiice with
paragraph (h) of this section.

(e) Any waste collector licensee who
handles only prepackaged waste shall

47 FRSTe46

(1) Acknowledge receipt of the waste
bom’ lbob’mmor within one wn:' Gt'bo
rece nﬂnlu s copy
-nlﬁ-l or equivalent tation;

(2) Prepare & new manifest 1o reflect
consolidated shipments; the new
manifest shall serve as a listing or index
for the detailed generator osts.
Coples of the generator manifests shall
be & part of the new manifest. The waste
collector may prepare a new manifest
without atta the generator
manifests, the new manifest
:’nuwluud .ddua the ob (b) of

ormation in paragra )
this section. The collector licensee shall
certify that nothing has been done to the
waste which would invalidate the
generator's certification;

(8) Forward s copy of the new
manifest to the land disposal fecility
operator at the time of shipment;

(4) Include the new manifest with the
shipment to the disposal site;

(8) Retain a copy of the manifest and
documentation of acknowle Jrcmcnl of
receipt as the record of transfer of
licensed material as required by Parts
80, 40, and 70 of this chapter, and retain
information from generator manifests
unti] disposition is authorized by the
Commission; and,

(6) For any shipments or any part of a
shipment for which acknowledgement of
receipt is not received within the times
set forth in this section, conduct an
investigation in accordance with
paragraph (h) of this section.

(f) Any licensed waste processor who
treats or repackages wastes shall:

(1) Acknowledge receipt of the waste
from the generator within one week of
receipt by retumlnf a signed copy of the
manifest or equivalent documentation:

(2) Prepare a new manifest that meets
the requirements of paragraphs (b) and
(c) of this section. Preparation of the
new manifest reflects that the processor
is responsible for the waste:

(3) Prepare all wastes so that the
waste is classified accoraing to § 61.55

and meets the waste characleristics
requirements in § 61.56 of this chapter;

(4) Label eash package of waste o
identify whether it is Class A waste,
Class B waste, or Class C waste, in
sccordance with §§ ©1.58 and 0157 of
this chopter:

(5) Conduct a quality control program
to assure compliance with §§ 61.55 and
©1.56 of this chapter. The program shall
include management evalustion of
audits.

(6) Forward a copy of the new
manifes! 1o the disposal site operator or
waste collactor at the time of shipment,
or deliver 10 & collector at the time the
waste is collected, obtalning
acknowledgement of receipt in the form
of a signed copy of the manifest or

20-10a
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20.311(h)

equivalent documentation by the
collector:
(7) loclude the new manifest with the

shipment;
(8) Retain co'pln of origina! manifests
and new manifests and documentation
of acknowledgement of recelpt as the
record of transfer of licensed material
required by Parts 30, 40, and 70 of thie
chapter; and

(9) For any shipment or part of &
shipment for which acknowledgement is
not received within the timas set forth in
this section, conduct an investigation in
sccordance with paragraph (h) of this

section.
) The land disposal facility operator

shall:

(1) Acknowledge receipt of the waste
within one week of receipt by returning
. copy of the manifest or

valent documentation to the
shipper. The shipper to be notified is the
licensee who last possessed the waste
and transferred the waste to the
operator. The returned copy of the
manifest or equivalent documentation
shall indicate any discrepancies
between materials listed on the manifest
and materials received,

(2) Maintain copies of all completed
manifests or equivaleni documentation
until the Commission authorizes their
disposition: and

(3) Notify the shipper (i.e, the
generator, the collector. or processor)
and the Diiector of the nearest
Commission Regional Office listed tn
Appendix D of this part when any
shipment or part of & shipment has not
arrived within 80 days after the advance
manifest was received.

(h) Any shipment or part of &
shipment for which acknowledgement is
not received within the times set forth in
this section, must:

(1) Be investigated by th: shipper {f
the shipper has not received notification
of receipt within 20 days after transfer.
and

(2) Be traced and reported The
investigation shall include tracing the
shipment and filing & report with the
neares! Commission Regional Office
listed in Appendix D of this part. Each
licensee who conducts s trace
investigation shall file a written report
with the pearest Commission's Regiona!
office within 2 weeks of completion ¢!
the investigation.

December 30, 1982



20.401(a)

PART 20 ¢ 4T

May 29, 1987 (reset)

20.40
A aros For proTECTION AcAIfF RADIATION o

20-10b

(next page 15 20-11)

RECORDS, REPORTS, AND
NOTIFICATION

620401 Records of surveys, radiation
monitoring, and disposal.

(a) Each licensee shall maintain re.
cords showing the radiation exposures
of all individuals for whom personnel

' monitoring is required under § 20,202
¢ Of the regulations in this part. Such
% records shall be kept on Fesm NRC-5,
£ in accordance with the inswructions
contained in that form or on clear and
legible recordas contalning all the in-
formation required by Form NRC-S.
The doses entered an the forms or re-
cords shall be for periods of time not
exceeding one ca'endar quarter.

r (b) Each licensee shall maintain

< records In the same units used in this
part, sho the results of surveys
required by § 20.201(b), m

required by §# 20.208(b) anc 20.208(c),
ond disposals made under §§ 20.502,
20.303, removed § 20.304,' and Part 81 of
this chapter.

— &7 FRS74a
r

‘€)1 Records of individual exposure
to radiation and to radioactive materi-
al which must be maiatained pursuant
Lo the provisions of paragraph (a) of
this section and records of bioassays,
including results of whole body count-
ing examinations, made pursuant to
g § 20,108, shal! be preserved until the
w Commission authorizes disposition.
~ (2) Records of the results of surveys
& and monitoring which must be main.
= tained pursuant to paragraph (b) of
[ this section shall be preserved for two
years after completion of the survey
except that the following records shall
be maintained until the Commission
authorizes their disposition: (i) Re-
cords of the results of surveys to de-
termine compliance with § 20.103(a/;
(1) In4&he absence of personnel moni-
toripg data, records of the results of
surfeys to determine external radi-
ation dose; and (ii) records of the re-
sults of surveys used to evaluate the
release of radioactive effluents to the
-environment,

L R I e
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I ukls, circumstances under which the
2xposures occurred, and the extent of
possible hazard o0 persons in unres
tricted areas,

(5) Actions which have been taken,
or will be taken, Lo recover the materi-
Al and

(b) Twanty-four hour notification.
bdl.:'a:nm&uhof
discovery event, report any even!

& involving liosnsed material porsessed
s by the licenvee that may have caused or
Lmnclouwum

the original or & reproduced copy or

(6) Procedures or measures which
have been or will be adopted Lo pre-
vent s recurrence of the loss or theft

microform f such reproduced copy or ® ©f licensed material

microform s duly suthenticated by
authorized personnel and the micro-
form s capable of producing s clear
and legible copy after storage for the
period specified by Commission regu-
lations

(8) If there is a conflict between the
Commission's regulations {n this part,
license condition, or technical specifi
cation, or other written Commission
approval or suthorization pertaining
to the retention period for the same
type of record, the retention period
specified In the regulations in this
| pari for such records shall apply

unless the Commission pursuant to
§ 20501, has granted a specific exemp
tion from the record retention require
ments specified in the regulations in
b this part
[ 120.402 Reports of theft or loss of
boeneet metens.

(a)(1) Each licensee shall report to the
Commission. by telephone, immediately
after it determines that! a loss or thef! of
licensed material has occurred (n such
quantities and under such circumstances
that it appears to the licensee that &
substantial hazard may result to persons
& in unrestricted areas

(2) Reports must be made as follows

(i) Licensees heving an installed
Emergency Notification System shall
make the reports to the NRC Operstions
Canter in sccordance with § 50.72 of this
chaptar

(1) All other iosnsees shall make
reports to the Administrator of the
appropriate NRC Regiona! Office Listed
in Appendix D of this part.

(b) Each licanses who makes & report
under pb (8) of this section shall
writhin wzndhrlunm.ohho loess
or theft, make o in writing to the
U.S. Nuclear tory Commission,
Documant Control Desx. Washington.
D.C. 20884, with a copy to the
&ppropriste NRC Regional Office listed
o D of this part. The report

1l include the following information

(1) A description of the licensed ma
terial involved, including kind, quant|
ty. chemical, and physica) form

(2) A description of the circum
stances under which the loss or theft
occurred,

(3) A statement of disposition or
probable disposition of the licensed
material involved

(4) Radiation exposures

21 "m 18300 — r” FRS$I4eE -
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(¢) Subsequent to filing the written
report the licensee shall also report
aAny substantive additional informa-
tion on the loss or theft which be-
comes avallable to the licensee, with'»
30 days afier he learns of such infor:
mation

(d) Any report filed with the Com-
mission pursuant to this section shall
be 50 prepared that names of individ.
uals who may have received exposury
Lo radiation are stated in & separate
part of the report

(¢) Por holders of an operating license
for a nuclear power plant, the events
included in pb (b) of this section
must be re o accordance with the
procedures described (o §50.73 (b), (c).
(d). (). and (g) of this chapter and must
include the information required in
paragraphb (b) of this section. Events
reported in accordance with § 50.73 of
this chapter need not be reported by o
duplicate report under paragraph (b) of
this section

§ 20,403 Motficetions of Incidents.

(a) Immediate notification Bach
licensee shall immediately report any
events involving byproduct. source, or
special nuclear material possessed by
the licensee that may have caused or
threatens to cause

(1) Exposure of the whele body of
any individual to 25 rems or more of
radiation. exposure of the skin of the
whole body of any Individua) of 150
rems or more or radiation; or exposure
of the feet, ankies, hands or forearms
of any individual to 375 rems or more
o radiation; or

(2) The release of radioactive materi-
&l in concentrations which, if averaged
over a period of 24 hours, would
exceed 5,000 times the limits specified
for such materials in Appendix B,
Table I1 of this part: or

(3) A loss of one working week or
more of the operation of any facilities
affected. or

(4) Damage to property in excess of
£200,000

4% FR 338%

(1) Exposure of thie whole dody of
any individual w 5 rems or more of ra
diation. exposure of the skin of the
whole body of any individual to 30
rems or more of radistion; or exposure
of the feet, ankles, nands, or forearms
to 75 rems or more of radiation; or

(2) The relesse of radiocactive materi-
Al In concentrations which, if averaged
over & perind of 34 hours, would
exceed 500 times the limits specified
for such materials in Appendix B,
Table II of this part; or

(3) A loss of one day or more of “he
operation of an; facilities affected, or

(4) Damage to property in excess of
$2.000

(¢) Any report filed with the Com

£ mission pursuant to this section shal)
8 be prepared so that names of individ-
€ uUals who have received exposure Lo r-
% diation will be stated 'n a separate
“L part of the report

(d) Reports made by licensees in
response to the requirements of this
section must be made as follows

(1) Licensees that have an tnstalled
Emergency Notification System shall
make the reports required by paregraphs
(s) and (b) of this section to the NRC
Operstions Center in sccordance with
§ 80.72 of this chapter

(2) All other licensees shall make the
reports required by paragraphs (a) and
(b) of this section

Admiaistrator of the appropriate NRC
Regional Office listed in Appendix D of
_ this part.

| §20.404 [Reserved)

[ 120,408 Meports of everesposures ane
EEU W BT BV GO WS,

(#)(1) In addition to any notificati n
required by § 20.408 of this part, ssch
licensee shall make & report in writing
conoerning any one of the
types of incidents within 3 days of its
occurrence

(1) Each exposure of an individual to
radiation in excess of the applicable
limits in §§ 20.107 or 20.104{a) of this
part, or the licsnee;

() Bach exposure of an individual to
redioactive material in axosss of the
applicable limits in §§ 20.103(a)(1)
20.103(a)(2). or 20.104(b) of this par. or
in the license

Mey 31, 1964 (reset)
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(iii) Levels of rediation or
concentrations of radioactive materie! in
@ restricted area in excess of any other
applicable limit in the license;

(iv) Any incident for whicu
notification is required by § 20.403 of
this part; or

(v) Levels of radiation or
concentrations of racioactive material
(whether or not involving excessive
exposure of any individual) in an
unrestricted area in excess of ten times
any applicuble limit set forth in this part
or in the license.

(2) Each report required u.ider
peragraph (e)(1) of this section must
describe the extent of exposurs of
individuais to radiation or to radioactive
material, including:

(i) Estimates of each individual's
exposure as required by paragraph (b)
of this section;

(1i) Levels of radiation and
concentrations of radioactive material
involved:

(1i1) The cause of the exposure, levels
or concentrations; and

(iv) Corrective steps taken or planned

h.!0 prevent a recurrence
v

(b) Any report filed with the Com-
mission pursuant to paragraph (a) of &
this section shall include for each indi-
vidual exposed the name, social secu-
rity number, and date of birth, and an
estimate of the individual's exposure,
The report shall be prepared so that
this information is stated in a separate

me of the report

:

-

(e)(1) In addition to any notification
required by § 20.403 of this part, each
licensee shall make & report in writing of
levels of radiation or releases of
redioactive material in excess of limits
specified by 40 CFR Part 190,
“Environmental Radiation Protection
Standards for Nuclear Power
Operations,” or in excess of license
conditions related to compliance with 40
CFR Part 190.

(2) Each report submitted under
pcn'uph (e)(1) of this section must

() Thc extent of exposure of

& individuals to radiation or to radioactive
o ma

terial
(i) Levels of radistion and
concentrations of radioactive meterial
iluvolved:
(1if) The cause of the ¢ posure, levels,
or conocentrations: and
(iv) Corrective steps taken or planned
10 assure against & recurrence, including
M:E for achieving conformance
vlth 40 CFR Part 190 and with
ussociewnd license conditions
(d) For holders of an opersting license
for 3 nuclear power plant, the incidents
included in paragraphs (a) or (c) of this
section must be r:ported in accordance

August 30, 1985
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with the ures described in

paragrenhs 50.73 (b), (c). (d). (e). and (g)
of this chapter and must also tnclude
information required by paragraphs (a)
and (c) of this section. Incidents
reported in accordance with § 50.73 of
this chapter need not be reported by &
duplicate report under paragraphs (a) or
fc) of this section.

(e) All other licensees who make
reports under paragraphs (a) or (¢) of
this section shall, within 30 days after
learning of the overexposure or
excessive level or concentration, make a
report in writing to the U.S. Nuclear
Regulatory Commission, Document
Control Desk, Washington, D.C. 20855,
with & copy to the appropriate NRC
Regional Office liste «:!P in Appendix D of
this part.

I

§20406 [Reserved)

§ 20.407  Personnel monitoring reports.
Each person described in § 20408 of
this pert uhlll within the first ulmr of
each calendar y 2ar, submit to

Director, Office of Nuclear luumory
Rnurch U.S. Nuclear Regulatory
Commission, Washington, DC 20555, the
reports specified in poruuphs (a) and
{b) of this section, covering the
pnudm. calendar year'

ps

(a) A report of either (1) the wm“

number of individuals for whom per-
sonnel monitoring was required under x
§ 20.202(a) or § 34.33(a) of this cmur
during the calendar year; or (2) the
total number of individuals for whom
personnel monitoring was provided
during tht calendar year: Provided,
however, That such total includes at
least ithe number of individuals re-
quired to be reported under paragraph
(8)(1) of this section. The report shall
indicate whether it is submitted in ac-
cordance with paragraph (aX1) or
(aX2) of this section. If personnel
monitoring was not required Lo be pro-
vided to any Individual by the licensee
under §§ 20.202(a) or 34.33(s) of this
chapter during the calendar year. the
licensee shall submit & negative report
indicating that such personnel moni-
toring was not required.

(b) A statistical summary report of =
the personnel mon.taring information
recordec by the licensee for individ-
uals for whom personnel monitoring
was either required or provided, as de-
scribed in paragraph (a) of this sec-
tion. indicating the number of individ
uals whose tota) whole body exposure
recorded during the previous calendar

' A osrwer whn e snee axpires o lerminates
prior 1. or on the last day of the calendar year
shall submit reports 8! the axpiration or terminastion
of the license. covering tha! part of the yesr during
which the liosnse wos tn effect

fé—“ ﬂ-non
K
-

year was in each of the following esti-
mated exposuie ranges:

Numbe of
OO

£5.ma100 whow DOdy ERPOBI Y 'Enge
w— nach range
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The low exposure range data are re-

quired in order to obtain better infor-

mation about the exposures actually

recorded. This section does not require
tmproved measurements.

§20408 Reports of personnel monitoring

work.

(a) This section applies to each
_pereon licensed by the Commission to

?.‘,u ) Operate 8 nuclear reactor designed

£ to produce electrical or heat ¢

3 pursuant to § 50.21(b) or § 50.22 of this

S chapter or & testing facility as defined in
2_150.2 of this chapter

(2) Possess or use byproduct materi-
al for purposes of radiography pursu-

».ntwhmlo a1.d 34 of this chapter;
¥ (3) Poaseas or use at eny one tim.,

for purpos=s of fuel processing, fabri-
cating, or reprocessing, special nuclear
quantity exceeding 5,000
cruu of contained uranium-238, urs-
um-233, or plutonium or any combi-
mn thereo! pursy vnt to Part 70 of

' high-level radioactive
ltnmloﬂenpod oper-
wmampmmtwhnwo!m

g
&
B,
-

(1)) m- spent fuel in an inde.
pendent spent fuzl storage installation
(1I8P8I1) pnnul.m to Part 72 ot this

= chapter,
3 (O)Motunnwmm

¢ for prooessing or raanufacturing for

L distribution t to Parts 30, 32,

T or 33 of this Chapter, byproduct mate-
rial in quantities exceeding any one of
the following quantities:

on terminstion of employment or,
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020409 Notifications and reports to Indi-
viduals

(a) Requirements for notifications
and reports to individuals of exposure
Lo radiation ur radioactive material are
specified in § 19.13 of this chiapter.

(b) When a licensee i3 required pur.
suant 1o §§ 20405 or 20.408 to report
Lo the Commission any exposure of an
individual to radiation or radioactive
material, the licensee shall also notify
the individual. Buch notice shall be
transmitied at & time not later than
the transmittal to the Commission
and shall comnly with the provisions
of § 19.13(a) of this chapter.

1 FR2222
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EXCEPTIONS AND ADDIN "ONAL

{7) Recaive radicactive waste from Ree

other persons for disposal under Part 81 020501 Applications for exemption.

of this chavier The Commission may, upon applics
tion by any licensee or upon its own
init'ative, grant such exemptions from
the requirements of the regulations in
this part as it determines are author-
fzed by law and will not result in
undue hazard to life or property

r-" o STaesy

=
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(b) When an individua! terminstes
employment with a licensee described in
paragraph (a) of this section, or an §20502 Additional requirements

individual assigned to work in such o The Commission may, by rule, regu
licensee's hcllny‘ but not omployed b) lation, or order, impose upon any U
the licensee, completes the work censee such requirements, in addition
azsignment in the licensen's facility, the to those established in the regulations
licensee shall furnish to the Director in this pari, as it deems appropriate or
Offics of Nuclear Regulatory Research necessary to protect health or to minl-
U.S. Nuclear Regulatory Commission mize danger to life or property
Washington, DC 30885, & report of the
tndividual's exposures to radiation and ExrorceMent
rediosctive material, mcmd& during the
od of employment or wor!

::cﬁimmcm tn the licensee's facility 120601 Vielations
conteining information recorded by the An injunction or other court order
Noansee pursuani to § § 20.401(s) &nd may be obtained prohibiting any viola
20.108. Such report shall be furnished tion of any provision of the Atomic
within 30 days after the exposure of the ‘g‘t::‘l}l :f‘u::’ !‘}r::r‘ n;:o?mdedu:;
individual has been determined by the Act of 1974, or ;’mu 'nuomr order
licensee or 80 days afier the date of - o 8% Sy -
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53, 57, 62, 63, 81, 82, 101, 103, 104, 107,
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thereunder, or any term, condition, or
limitation of any license issued there.
under, or for any violation for which a
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186 of the Act. Any person who will
fully violates any provision of the Act
or any regulation or order lasued
thereunder may be gullty of s crime
and, upon conviction, may be punished
by fine or imprisonment or both, as
mevided by law,
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FOREWORD

Packard Instrument Company, as a holder of Federal and State
radioactive material licenses, has the responsibility of instructing
affected employees in radiation safety. Thig discussion, "low

DOES IONIZING RADIATION AFFECT YOU", is one method of instruction.

The primary goal of this training program is to minimize fear of
radioactivity and to deve

lop a profound respect for radioactivity
and its uses. el M

The nature of the subject requires the inclusion of some technical
material. As far as possible, the technical material has been
restricted to Sections I and II, INTRODUCTION and RADIOLOGICAL
UNITS. These sections can be omit

necessary to achieve the goal of the progr

X-rays in 1895 by Roentgen and the discovery of radioactivity
in 1896 by Becquerel

This program is also designed for study «ither with or without
a discussion leader.

Therefore, sufficient information has been
included to help the reader achieve enough understanding to
reduce the fear of radiocactivity, the frightening unknown.
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What is RADIATION?

INTRODUCTION

RADIATION is the emission and propagation of energy through
space or through a material medium in the form of waves
or particles.

Radiation defined as above includes electromagnetic
radiation and corpuscular emissions, ELECTROMAGNETIC
RADIATION is classified according to frequency and energy.

TABLE 1.1 ELECTROMAGNETIC RADIATION

Radiation I'requency Energy
(hertz) (eV)
Radio, Television ,

Radar 10" - Wrid i nl " «d.02010"°
Infrared 10« Etx10'%14.0 20" = 1.8
visible (light) 4 x 10'* - 7.9 x 10'* | 1.6 - 3.3
Ultraviolet 7.9 x 10" - 1007} 3.3 - 410
X-rays 2.9 2 10 - 7.3 x 10°* 10 - 3% 1"
Gamma Rays 2 x 10'* - 2,5 x 10%!? P xlet = 10”7
Cosmic Rays 2:5 2 10°% « 2.5 u 10°° 10 - T A

Several Kinds of Radiation

There are several kinds of radiation, and each behaves
quite differently. Some procedures and materials give
off only one kind of radiation vhile others may give

off several different kinds. The following definitions

apply to radiations which can arise from common procedures
and radiocactive materials.

ALPHA PARTICLE - [Symbol: a(alpha)] A doubly positively
charged particle emitted by certain radiocactive materials.
It is made up of two neutrons and two protons bound
together, hence it is identical with the nucleus of
a helium atom. It is the least penetrating of the three
common types of radiation (alpha, beta, gamma) emitted
by radioactive material, being stopped by a sheet of paper.

BETA PARTICLE - [Symbol: B(beta)] An elementary particle
emitted from a nucleus during radiocactive decay. The beta
particle has a single electrical charge and a mass
equal to 1/1837 that of a proton. A negatively charged

beta particle is identical to an electron; a positivel
charged beta particle is called a positron. Beta L

radiation can cause skin burns and beta emitters are




harmful if they enter the body. However, beta particles
have low penetrating power and are easily stopped by a
thin sheet of metal.

GAMMA RAY - [Symbol: y(gamma)] High energy, short-wavelength
electromagnetic radiation originating in the nucleus
of an atom. Gamma rays are very penetrating and are
best stopped by dense materials, such as lead or
depleted uranium, Gamma radiation frequently accompanies
alpha and beta emissions and always accompanies fission.

X-RAY - [Symbol: x-ray] A form of electromagnetic radiation
similar to gamma rays. X-rays are emitted from the
extranuclear portion of the atom whereas gamma rays are
emitted from the nucleus.

NEUTRON - [Symbol: n] A neutral particle emitted from a
nucleus without an electrical charge.

BREMSSTRAHLUNG -~ Secondary radiation produced by charged
particles passing through matter,

COSMIC RAY -~ lonizing radiation which originates outside
the earth's atmosphere. The energy of cosmic radiation
can be as high as 10!°ev,

PROTON - [Symbol: p] An elementary nuclear particle with
a positive electrical charge which is numerically equal
to the charge of the electron. One proton constitutes
th2 nucleus of the hydrogen atom of mass 1.

CORPUSCULAR EMISSIONS include alpha and beta radiation.

TABLE 1.2 CORPUSCULAR RADIATION

Radiation Energy*
(eV)
Beta Particle 1.8 E 04 to 8.1 E 06
Alpha Particle 1.8 E 06 to 1,2 E 07

Radiation does not actually exist in two neat compartments
called waves and particles. Actually, all waves have some
of the characteristics of particles and all particles have
some of the characteristics of waves. Usually, however,
the radiation is predominantly one or the other and little
confusion will arise in our discussions if we speak of
waves and particles as though they were separate phenomena,

*Computer notation is introduced to express exponents.
E 03 =10 R -03 = 10 °, This notation will be used
throughout this instructional material,
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Figure 1.1. Penetrating Characteristics of lonizing Radiation,




Fhat is IONIZING RADIATION?

IONIZING RADIATION is any radiation which possesses
gsufficient energy to (1) strip electrons from an atom,
producing two charged fragments called negative and
positive ions, or (2) to cause molecules to be disrupted
through molecular vibration to yield ions or free
radicals. Typical examples of ionizing radiations are
x-rays, gamma rays, cosmic rays, alpha particles and
beta particles. 4

Other radiations can transfer energy to atoms or mole-
cules thus increasing the energy of the receiving atom

or molecule. Such radiations are called "exciting
radiations" and the condition of increased energy is
termed "excited state". Exciting radiations include
radio waves, infrared, visible and ultraviolet radiations,.
These radiations have insufficient energy to effect
ionization.

What is DIRECT ionizing radiation? INDIRECT?

The charged particles (protons, electrons and alpha
particles) cause ionization or molecular fragmentation by
direct interaction. Each interaction, or collision,
results in a loss of cnergy and eventual disappearance

of the particle by chemical reaction with surrounding
molecules. The range of the charged particle in a
medium such as water or tissue is very short:

TABLE 1.3 RADIATION AND RANGE

Radiation : Range

Alpha particle (4 MeV) 25 um* in water (39.4 E -06 in)

Beta particle (E = 3 MeV) |1.5 cm in water (0,59 in)
*ym = micrometer = 10 ¢ meter

Therefore, the direct effects are predominantly restricted
to thin layers of tissue.

Gamma rays and x-rays are penetrating radiations and may
interact deep within the tissue. The interaction may
produce electrons which can cause ionization or molecular
fragmentation of surrounding matter. Through indirect
interaction the interior of the body is affected, For
example the gonads, liver or other internal organs are
accessible to x-rays, gamma-rays and cosmic rays,

What is the energy unit of radioactivity?

We have said that radiation is the emission and propagation
of energy through space or a material medium, This energy
is measured in electron volts (ev). An electron volt is
the energy acquired by an electron accelerated through a
potential of 1 volt. The electror volt is a small unit
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and multiples are commonly used.
1 keV = 1000 eV
1 MeV = 1000 keV = 10° ev

The magnitude of 1 MeV can be visualized by recognizing

that 2.62 E 13 MeV is necessary to raise the temperature

of one gram of water 1 C! The energy per particle may

be small but this is offset by the huge number of particles.
One gram of hydrogen contains 6.023 E 23 - electrons.
Therefore, the total energy can be large.*

*1 gram calorie = 4.186 E 07 ergs.
l MeV = 1.6 E 06 ergs.

Therefore, 4.186 E 07 Y
1€ E 06 2,62 E 13‘MeV/g cal.

Chemical bonds are held together by only a few electron
volts, whereas, ionization can be effected by +~32,5 eV,
hence even a 1 keV particle can cause considerable ioni-
zation or molecular fragmentation.

RULES OF THUMB

. IT REQUIRES AN ALPHA PARTICLE OF A LEAST 7.5 MeV TO
PENETRATE THE PROTECTIVE LAYER OF THE SKIN, 0.07 mm
THICK.

Alpha particles have short range in air.

MeV Range

cm in
2.0 1.0 0.39
4.0 2.4 0.94
6.0 4,0 1.56
8.0 743 2.87

Alpha radiation has extremely low penetrating power
and therefore causes most of its damage on the surface,
e.g. burns. Deep tissue is not affected unless the
radiation is internal. Adequate protection from

alpha particles is achieved by the use of radiation
shielding and by the interposition of distance

between the sourxce and yon.

Internal effects of alpha radiation will be discussed
later.

II. IT REQUIRES A BETA PARTICLE OF AT LEAST 70 keV TO

PENETRATE THE PROTECTIVE LAYER OF THE SKIN, 0,07 mm
THICK.

The range uf beta particles in air is about 12 feet
per MeV. The rangz of the beta particle tfrom
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phosphorus-32 is approxit.vaiy, 1.71 x 12 = 20.52 feet, without shielding. Tritium
beta particles (0.0186 McV) have a range in zir (unshielded) of approximately 2.7

inches!

Adequate protection from beta particles is achieved by the use of radiation shielding
and the interposition of distance between the source and you.

GAMMA RADIATION (OR X-RADIAT!ON) BEING WITHOUT MASS OR CHARGEL
IS HIGHLY PENETRATING. GAMMA AND X-RADIATION CAN EASILY REACH

INTERNAL ORGANS.

fhe ;' orption of gamma or x-<adiation by the interposition of matter is termed
shield 3. The amount of absorption by the shielding depends upon (a) the energy of
the rw tation and (b) the atemic number, mass and density of the absorbing medium.
Gamma absorption is often described using the term “half-value layer” (HVL) which
is defined as the distance of travel through an absorber required to decrease the
intensity of a beam of gamma rays to one-half its initial vaiue, Two HVL reduce the

intensity 1/4, three 1/8, four 1/16, five 1/32, etc.

lo . h=l/s la=lo/s r——-———' Iy = lo/s

.
o sl
B s

Xy Xy X%

lo = initial intensity
Xy, = one halfvalue layer

Figure 1.2. Absorption of Radioactivity
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The half-value layer for cobalt-60 gamma rays (1.173
and 1.332 MeV) is about 1 centimeter of lead and for
c?siumalfﬁ (0.662 MeV) HVL is about onre~half centimeter
o ead.
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RADIOLOGICAL UNITS
What units are used with radiocactivity?

There are several units commonly used with radioactivity
and each has a specific meaning and application.

QUANTITY

The amount of radioactivity has long been expressed in

curies (Ci). The currant preferred unit is the becquerel
(Bq) .

l curie = 3.7 x 10'° disintegrations/second
1 becquerel = 1 disintegration,/se-ond

DOSE ~ PHYSICAL

The unit for absorbed dose is the rad, which is an acronrym
for radiation absorbed dose. It is defined as that quantity
of radiation that delivers 100 erge of energy to 1 gram

of substance (e.g. tissue). The rad is a physical unit,

Originally the roentgen (R) was the unit of radiation
exposure. The roentgen is useful for X-rays and gamma

rays but is inadequate for other radiations (e.g. neutrons).
It is defined as 2.56 x 10™ " coulomb per kilogram of air.

The rad and the roentgen are practically equivalent for
tissue.

DOSE - BIOLOGICAL

The product of absorbed dose (rad) and certain modi fying
factors is termed the dose equivalent (DE). The unit of
dose equivalent is the rem, kem 18 an acronym for
roentgen equivalent man). The principal multiplier is
the QUALITY FACTOR (QF) which varies with the type and
energy of radiation.

TABLE 2.1 VALUES OF QUALITY FACTOR USED IN DEFINING
DOSE EQUIVALENT

Radiation QF
X-rays, gamma rays, elertrons 1.0
Fast neutrons and protons up to

10 MeVv 10
Alpha particles from radioactive

decay (for internal exposure) 10
Heavy recoil nuclei 20
DOSE RATE

Dese rate means the dose absorbed per unit time an

d is
commonly expressed in roentgens (or milliroentgens

) per




hour. For example, the portable personnel monitoring
devices are commonly calibrated in mR/hr.

The dose rate of a gamma emitter, at a distance d from a
"point source" of known activity can be ~alculated:

Dose Rate =

n
A(dis/hr) T%T « 3 By ny (ugeg)
i

4na’
For: A = 1 curie of *°Co = ..332 E 14 dis/hr

d= 100 cm
density of air = 1,293 E -03 g/cm?
E = 1.17 MeV; (u,/p) = 0.0270 em?/g
i E, = 1.33 MeV; (u,/9) = 0.0263 em? /g
(R) = 5.24 E 07 MeV/g air
1308 B A4 . . 1 &

. E 04 5.24 E 07
[(1.17)(1)(0.0270)]+[(1.33(1)(0.0263)]

i Dose Rate = mR/(hr) (Ci) (m) =

20.23 x [0.0136 « 0.0350]

1.35 R/(hyr) at 1 meter/Ci

(equivalent to 1,35 mR/hr «t 1 meter/mCi

Using the inverse square law 13 the dose
from 1 mCi at 10 cm = 135 mR/§r.

vable 2.2 lists the dose rates for selected gamma ray

eritters. The dose rates at 100 cm and 10 cm illustrate
the advantages of distance between the source and you.

SUB~UNITS

The units we have introduced are part of the International
system of Units (s1) 2nd are used with prefixes and
symbols to form decimal multiples and submultiples of

8T units. These are listed in Table 2.3.




TABLE 2.2. APPROXIMATE EXPOSURE RATES FOR SELECTED GAMMA RAY EMITTERS
(mR/hr/mCi at distance d)

During the passage of gamma rays through matter the rays undergo absorption by interaction with
the atoms of the absorbing medium. The principle interactions are (a) the photoelectric effect, (b)
the Compton effect and (c) pair production, The intensity of the radiation decrcases with the distance
traveled througt. che absorber. The intensities in air of the radiation from some commonly used gamma
emitters is tabulated for distances of 1, 10 and 100 centimeters.

mR /hr/mCi at distance d (cm)

RADIONUCLIDE d =1 d;, = 10 d; = 100
Barium-133 2,400 24 0.24
Cerium-144 400 4 0.04
Cesium-137 3,300 33 0.33
Chromium-51 160 1.6 0.016
Cobalt-57 900 9 0.09
Cobalt-58 5,500 55 0.55
Cobalt-60 13,200 132 132
Copper64 1,200 12 0.12
Gallium-67 1,100 1 0.1
Gold-198 2,300 23 0.23
Gold-199 900 9 0.09
Indium-113m 1,500 15 0.15
lodine-125

gamma ray only 13 013 0.0013

gamma ray & x-ays 230 23 0.023
lodine-129

gamma ray only 16 0.16 0.0C15

gamma ray & x-rays 136 136 0.0136
lodine-130 12,200 122 1.22
lodine-131 2,200 22 0.22
Iron-59 6,400 6.40 0.64
Krypton-85 40 04 0.004
Manganese-52 18,600 186 1.86
Mercury-197 400 40 0.04
Mercury-203 1,300 13 0.13
Molybdenum-99 1,800 18 0.18
Potassium-42 1,400 14 0.14
Radium-226 8,250 82.5 0.825
Scandiura-46 10,900 109 1.09
Scandium-47 560 5.6 0.056
Selenium-75 2,000 20 0.20
Sodium-22 12,000 120 1.20
Sodium-24 18,400 184 1.84
Strontium-85 3,000 30 03
Technetium-99m 600 6 0.06
Tin-113 1,700 17 0.17
Xenon-133 100 1 0.01

Zinc-65 2,700 27 0.27




TABLE 2.3 SI PREFIXES

‘ Multiplication factor Prefix Symbol

10 E 18 exa E

10 E 15 peta P

10 E 12 tera T

10 E 09 giga G

10 E 06 mega M

10 E 03 kilo k

10 E 02 hecto h

10 E 01 deka da

10 E -01 deci da l
10 E -02 centi c

10 E -03 milli m ‘
10 E -06 micro U

10 £ -09 nano n \
10 E -12 pico P i
10 E ~15 femto ' 4

10 E -18 atto a :

YET TC COME

' In Section III we will discuss the exposure limits which have 1
been established as the "maximum permissible dose limits".

represent the sum of occupational expcsures during the
quarter.
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III. R.DIATION PROTECTION

Are there any guidelines regarding exposure to iornizing
radiationr

The U. S. Nuclear Regulatory Commission has established
Jimits which apply to the exposure of indivuals in a
restricted arca. These are called "Maximum Permissible
Exposure Limits", (or Maximum Permissible Dose, MPD).

TABLE 3.1 MAXIMUM PERMISSIBLE EXPOSURE LIMITS (U.S.NRC)

Organ Rems per Calendar
Quarter

blood forming organs; lens of eyes;

or gonads 1.25
Hands and forcarmg; feet and ankles 18.34
Skin of whole body 7.5

Are those precise limits?

These linits are based upon the best available evidence

relating to the risk of adverse health effects due to

ionizing radiation. The NRC hased these limits on

studies made by the National Academy of Sciences Adviscory

Committee on the Biological Effects of Ionizing Radiation

(BEIR), the International Commission on Radiological

Protection (ICRP) and the National Council on Rad.ation

Protection and Measurements (NCRP). The limits are

estimates only and are continually under review.
\

Whole body; head and trunk; active

At what exposure level caan I be sure that the risk is zero?

There ie¢ no known "threshold"” of exposure below which the
risk estimate is zero. The best evidence is that radiation
effects are cumulative. Society must accept some risk if
it is to exploit the benefits of man-made radiation,

(e.g., x-rays, diagnostic and therapautic applications).

‘f radiation effects are cumulative, what should be done
L0 manage one's exposure?

The NRC encourages the ALARA concept which was recommended
by NURP in 1954. The ALARA concept means that occupational
radiation exposures should be maintained As Low As is
Reasonably Achievable. NRC has determined that the
occupational expcsure at medical institutions is less

than 10% of the maximum permissible dose and now requires

medical licensees to report to the NR
exceeds I08 of MBp. T g, Ao o i

All licensees are required, by regulation, to

3 practice
ALARA and nonmedical licensees are requiréd to report any
exposure which exceeds the MPD. The States which issue
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radioactive material licenses require a written report of
a guarterly exposure to the whole body of 312 mRem or more
(>% MPD).

How can I determine if I have been exposed to ionizing
radiation?

The NRC requires each licensee to evaluate radiation
hazards by physical survey of the workplace and by
monitoring the exposure of each individual, Personnel
monitoring can be accomplished using a variety of devices
including film badges, thermoluminescent dosimeters (TLD),
pocket~type exposure metere, etc. The devices used by

. =kard Instrument Company are the following:

1) A clip-on badge containing x-ray sensitive film,
This badge monitors whole body exposure. It is
recommended that this badge be worn in the front
and in the area between the hips and the shoulders.
This location is recommended so as to record the
exposure of the critical organs.

The badge exposure is determined by using a
densitometer to measure the blackened area of
the film,

2) A TLD ring badge, which contains an inorganic
chemizal (e.g., lithium fluoride) which stores
energy upon irradiation, This badge monitors
the exposure of hands and forearms and should
be worn on the hand which is most often in
closest contact with radioactive sources. ]

. eewe W vew wme Wy W W - W m

The energy stored in the TLD is 1eleased as light
when the TLD is heated. The amount of light {
released is a measure of the radiation exposure.

The film badge and TLD are integrating detectors in that '
they measure the total dose over a known period of time. {
Such devices provide the most accurate way of measuring
exposure to low activity levels over the selected time
interval. |

Wwhat are pocket~type exposure meters?

Pocket~type exposure meters involve jonization of a gas,
just as Geiger tubes do. The detector is usually a clip-on
chamber which resembles a pocket pen. The condenser is
charged to a prescribed voltage which sets its scale to
zero. The scale is calibrated directly in terms of dose
and is read by viewing through the eyepiece. The advantage
of this dosimeter is the immediate reading capability

plus accuracy up to dose rates of 100 R/hr. No permanent
record is provided.

A variation of the pocket ionization chamber includes an
alarm circuit. This pocket meter is useful where the
radiation flux may be high and variable, The audible

III-2
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alarm indicates that a predetermined dose rate has been
exceeded and appropriate action should be taken.

If radiation erfects are cumulative, how much can
receive?

First, let us consider a familiar but nonradioactive
radiation, namely the ultraviolet rays of the sun.
Exposure to the sun rays causes the familiar "sunburn".
Normally, an individual controls the exposure to sun rays
so as to avoid discomfort. The damage done to tissue by
sun rays is cumulative and long time exposure to the sun
effects changes in unprotected tissue which may lead to
skin canver. Therefore, moderation is the logical course.

Likewise, with ionizing radiation an individual should
practice moderation. This is the ALARA principle.

An additional factor must be included, i.e., the age of
the individual. The evidence is that children are more
radiosensitive than adults, therefore NRC limits the
exposure of anyone under the age of 18 yrs. to 10% of
MPD. For adults, the cumulative, or lifetime permissible
dose has been set as 5(N-18) rems where "N" equals the
individual's age in years at his last birthday. This
equation indicates that an occupational exposure of 5

rems per year is permissible, Actual occupational ex-
posures are much less.

Are radioactive materials toxic?

Toxicity generally refers to some reaction which occurs
when a poisonous gubstance is introduced into body
tissues. By this definition radioactive materials can
be classified as having different levels of toxicity
and the precautions to be taken when handling unsealed
sources depends upon the degree of toxicity, quantity
of the substance used and the nature of the operation.

The classification according to radiotoxicity is given in
Table 3.2,
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How can I protect myself from ionizing radiation?

The choice of protective measures begins with an under-

standing of the characteris

an individual is exposed.

Radiation type,

tics of the radiation to which

The characteristics which
must be considered are the following:

Energy of the radiation, and
Quantity of radiation.

Radiation Type

Beta Particle - A radicactive atom can emit a negatively

charged particle from its nucleus.

This negatively

charged particle is the beta particle and has mass and

charge equal in magnitude to the ele
of beta particles from an atom is a
energies from zero to a maximum energy,

a characteristic of the radionuclide.

maximum energies of beta

of 0.018 MeV for tritium and ends with

8.1 MeV for bromine-87.

ctron., The emission
continuum of

E which is
hE?¥ange of

emitters begins with a value

a maximum of

The emission of beta particles is often accompanied
However, several
the emission of beta particles

by another type of radi
radionuclides decay by

only, such radionuclides are

ation.

called "pure beta emitters”.

A partial list of pure beta emitters is provided in
Table 3.3 in the order of increasing energy.

TABLE 3.3 PURE BETA EMITTERS

Radionuclide Emax Eav
(keV) (keV)
'H 18.60 5.68
3N 65.87 17.13
‘ag 156.478 49 .47
i8g 167.47 48.80
1284 213.0 64.7
it 4 249.0 76.6
*5Ca 256.9 77.2
$%cu 578.2 1¢9.3
139 859.0 299.0
'“g2n 905.0 320.9
"ar 1492.0 583.1
2p 1710.4 695.0
"y 2284.0 924.8
The E for either tritium or nickel-63 is less than

70 xe¥2* Therefore, neither consitutes
hazard since approximately 70 keV of beta particle
energy is required before the particle can penetrate
the skin. However, sources composed of substances
containing tritium or nickel-63 should be handled as
carefully as any other radioactive source. This means

I1I-6
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radiocactive s*rces enould be handled wit’forceps if at all
possible. Low energy sources may be handled with the hands
only in the execution of an approved procedure, such as

the assembly of iodine-129 sources in the Multi-Gamma Counter.

Will I become radiocactive after exposure to radioactive
material?

External exposure to radiocactive materials will not make

you radioactive. However, it is possible that exposure

to radiation will cause biological damage due to chemical
changes. The most knowledge we have concerning external
radiation damage comes from the testing and use of nuclear
weapons. One consequence is skin burns which appear to be
the same as burns from a hot stove and are also temporary.
The most extreme biological damage occurred with the bombing
of Hiroshima and Nagasaki where heat accounted for a large
number of fatalities and binlogical damage caused subsequent
death due to cancer. There is no possibility that similar
disastrous results can occur from your ase of small quantities
of nonfissionable radioactive material.

What can I do to reduce my exposure to radiations from
radiocactive material?

There are some simple principles by which you can reduce your
exposure.

TIME

The exposure is reduced by limiting the time you are in the
vicinity of the radiocactive material. This simply means that

the task you perform using radicactivity should be done carefully
and efficiently so as to require the minimum amount of time.

SHIELDING

In Section I we learned that different radioactive particles
showed varyiny abilities to penetrate matter.

Alpha particles - Very low ability to penetrate matter.
A sheet of paper will stop the radiation from many
alpha emitters. An alpha particle must have an energy
of 7.5 MeV or more to penetrate the outer layer of
the skin.

Beta particles - Small quantities of low energy beta
emitters such as tritium and carbon-14 are effectively
shielded by the containers in which they are stored
or used. Large quantities (millicuries) of low energy
beta emitters should be shielded due to the secondary
x-rays formed when the walls of the container decelerate
the beta particle (brehmstrallung).

Beta emitters which decay with the emission of high
energies (e.g., phosphorous~32, E o 1.710 MeV)
require shielding. Glass brick oP?fucite are

III-7



suitable shielding materials.

Gamma rays (or x-rays) have great penetrating
power. Lead is the gshielding material most
commonly used for protection against gamma or x-
rays. in Section I we became acguainted with the

term Half-Value Layer, so let us tabulate HVL
versus enerqgy.

TABLE 3.4 HALF-VALUE LAYERS FOR LEAD

Energy HVL
(MeV) (cm)

0.0021
0.0078
0.011
0.38
0.86
1.18
1.34
1.46

mw

WNHHOO0OO0O
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The lead brick commonly used for shielding is 2

inches thick. Since 2 inches is equal to 5.08

em each thickness of lead brick is equivalent to
8 HVL for a 2.0 MeV gamma ray, which effects

a reduction in intensity of about 1/14.

DISTANCE

As distance from the radiation source is increased, the
exposure decreases. The intensity is inversely proportional
to the square of the distance. Therefore doubling the dis-
tance reduces the exposure to % the original intensity.

Id|=Io =k x I
7
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In Section 1V we will examine the radiation exposure
of the general population of the United States.
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Iv.

AVERAGE RADIATION EXPOSURES OF THE GENERAL POPULATION OF THE
UNITED STATES

Radioactive materials and radiation are as old as the
universe, however, mankind has recognized radioactivity
only since 1896 -~ less than one hundred years. Our

everyday lives involve constant contact with naturally
occurring radioactive materials.

What is the source of naturally occurring radiation?

Table 4.1 lists the estimated exposure of the general
United States population.

TABLE 4.1 U. S. GENERAL POPULATION EXPOSURE ESTIMATES (1978)

Source - Average Individual
Dose
(mrem/yr)

Natural background 100

Release of radioactive material by mining, 5
milling, etc.

Medical , 90

Nuclear weapons development 5-8
(orimarily fallout)

Consumer products (color TV) 0.03

Nuclear energy 0.28

Total ~200 mrem/year

(From U. S. NRC Draft Regulatory Guide, May 1980, "Instruction

Concerning Risk from Occupational Radiation Exposure”.

The natural background consists of cosmic rays, and radio-
active substances in the earth and in building materials.
Cosmic rays originate ‘{n outer space and constantly

bombard the earth. The exposure to cosmic radiation is
increaced as we go higher above sea level. Residents of
Denver, Colorado (alt. 5,280 ft.) are exposed to more cosmic
radiation than residents of Chicago, Illinois (alt. 535 ft.).
Airline passengers receive increased exposurec as a result

?f aititude and the thinning of the atmosphere at flight
evels,

The earth is itself radioactive. Proof is that the

Curies extracted polonium and radium from pitchblende

mined in Golden, Coloradc. The geologic radioactivity in
Colorado is readily observed as an increased background

count rate when one is using a Tri-Carb liquid scintillation
counter in that areca. One of the most intensely geologically
radioactive areas is located in India where the population

18 exposed to approximately 1,300 millirems per year,

IV-1
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Ordinary building materials, such as cement, brick, concrete,
etc., contain radiocactivity. In fact, special precautions

are necessary when building a warehouse for photographic
film or a laboratory for low level counting.

In addition to these natural radiations, we are exposed
to radiations used in medicine for diagnosis and therapy.

Cleaily the decision has been made that the medical benefits
outweigh the risks.

Nuclear energy contributes about one quarter of one percent
of the total exposure of the general population. One
diagnostic dose of radioactive iodine has been calculated
o contain as much iodine radioactivity as the total
cooling water in a Boiling Water Reactor.

Is it true that our bodies are radiocactive?

Yes it is true that our bodies are radiocactive. The lavel
of radioactivity is usually low but it is there because
each of the naturally occurring radioactive nuclides

finds its way into the body. The principal ones are
potassium-40, carbon-14 and hydrogen-3 (tritium), These
three are important because of the relatively high pei-
centages of these elements in the body.

In some areas there are natural concentrations of thorium

and uranium, principally in the water and soil. Radium-226
is one of the daughters of uranium-238 and it tends to

cseek bones where it accumulates and adds to the radioactivity

in the body.

Table 4.2 gives estimates of the internal radioactivity.

TAGLE 4.2 INTERNAL NATURAL RADIOACTIVITY

Source Dose rate vVaries with

(mR/yx)

Thorium, uranium and 40 - 400 Location and
daughters water supply

Potasgium-40 20 Not very variable

Carbon-14 2 Not very variable

Tritium 2

Not very variable

The fact emphasized by this table is that our bodies contain
a natgral radioactivity in excess of 60 millirem per year!
This internal dose rate exceeds the occupational exposure

of 82% of Packard personnel who handled radioactive materials
during 1978 and 1979! (See Table 4.3)

What is the purpose of discussing exposure to naturally
occurring radiocactivity?

It is hoped that we will be encouraged to place in perspective

IV-2
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the dangers associated with radioactivity by developing

an undersc-anding that radioactive materials surround us

in air, water, earth, building materials, etc., and yet we
survive without loss of life or creation of monsters due to
radiocactivity.

The goal of this training is to minimize fear of radiocactivity

and to develop a profound respect for it and its uses.

How much more exposure do we rece¢ive due to our occupation?

The U. S. NRC required licensees to report occupational
exporures for U. S. workers for the years 1978 and 1979.
The Packard reports are combined in Table 4.2.

TABLE 4.3 STATISTICAL SUMMARY REPORT OF EXPOSURE OF PACKARD
PERSONNEL (U.S. only)

Range of Exposure

Number of Individuals

(Rem) 1978 1979
No M2asurable Exposure 328 222
0.0 - 0.1 34 115
0.1 - 0.25 3 18
0.25 - 0.5 1 |
0.5 - 0.75
0.75 - 1.0
1.0 - 2.0 1
2.0 - above
Total No. 367 356
Rem 9.93 18.72
Average Exposure 0.027 R|{ 0.053 R
Percentage of general 0.014% 0.027%
exposure
Percentage of industry 7.9% 15.6%

average (0.34 rem/yr)

It is clear from Table 4.2 that the occupational exposure of
This reflects the use of low
energy radiocactive materials and the careful handling of

Packard employees is small.
radioactive materials.

YET TO COME

In Section V we will examine the biological effects of

ionizing radiation.

IV=-3
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BIOLOGICAL EFFECTS OF IONIZING RADIATION

The beneficial effects of ionizing radiation are universally
accepted with scarcely a moment of concern. We routinely
have X-rays made of our chests and teeth without worrying
about danger. Ionizing radiation is used in the treatment of
cancer with the clear understanding that the benefit exceeds
the risk. Ironically, one of the most common fears associated
with ionizing radiation is the general public's belief that
radiation is a prime cause of cancer. In this section we
will restrict the discussion to questions and answers which
relate to this fear and other common fears of adverse effects
of ionizing radiation. Each answer will emphasize practical
information without stvessing scientific details.

Section V may be studied alone if so desired.
Will radioactivity cause me to have cancer?

Probably not. About 97 percent of all cancers are caused by
chemicals which alter the genetic material of the cell.
Sunlight (ultraviolet radiation) causes a portion of the
remaining 3% of cancers formed.

It is unethical to conduct experiments on humans so the answer

to your question is really based on statistical examination
of known facts.

Fact No. 1

Approximately 1 person in 4 develops cancer during a lifetime.
The American Cancer Society offers these figures for adults
in the 20-65 year age bracket. Thus for 10,000 workers

not exposed to radiation on the job we expect 2,500 to develop
cancer.

Fact No. 2

Three scientific bodies have independently estimated that
cumulated exposure to 1 rem of radiation can be expected to

cause 300 cancer cases per million individuals, or 3 cases
per 10,000 people.

These two facts tell us that:

a) of 10,000 people not exposed to radiation 2,500
will develop cancer 2,500

b) of 10,000 radiation workers with a cumulated
exposure of 1 rem, 3 additional peonle will develop 3

cancer
¢) Total cancers 2,503
d) Cancer development in percent 25.03
e) Increased cancer development due to radiation

in percent 0.03




For those of you who are poker players the ’ollowing analogy
can be drawn:

The normal chance of developing cancer if you receive no
occupational radiation is about equal to your getting a
spade on a single draw from a full deck of playing cards,
i.e., one chance in four.

The charce of developing cancer from occupational exposure
with the accumulation of 1 rem is about equal to your
drawing three successive aces from a well-shuffled deck

of cards if each card drawn is not replaced before the
next card is drawn. (See APPENDIX II)

I have a neighbor who claims that atomic bombs, x-rays and

nuclear power plants have caused new diseases never before seen
by doctors. Is this true?

This is false. No new or unique diseases have been caused

by radiocactivity, whether it be man~-made or naturally occurring.
The harmful effects of radiation can all be caused by other
means and the diseases have been known for years and years.
Chemicals are a generally accepted cause of harmful effects

and disease, chemically induced cancer is an exarmple.

I heard on TV that the first nuclear reactor was in Africa.
Is that true? I thought the first was in the United States.

Mother Nature produced the first nuclear reactor about 1.7

billion years ago. The natural uranium deposits in Africa

occurred in rock structures through which water flowed. The

uranium was highly reactive since it was "young" and perhaps

had not passed through even one half-life (Th of U= 7.1x10%).
t

Consequently, the uranium cenerated sufficie heat to turn
the water to steam.

The first man-made nuclear reactor was built on the campus of
the University of Chicago in 1942.

In assembling the multi-detector gamma counter it is necessary
to thread the plastic capsule containing the activity onto a
holder. Does the assembler receive a high dose of radiation
during this operation?

The radiation dose is extremely small.

The source contains iodine-129 activity which gives off x-rays.
The most energetic x-ray has an energy of 39.58 keV. The iodine~
129 activity is bound to a resin and is contained in a plastic
capsule. The capsule is delivered to the assembler in a plastic
test tube. No measurable activity above background is observed
when one or several tubes containing sources are placed close

to a portable detector which has a sodium-iodide crystal.

How then does the source obtain a response in the MNulti-gamma
counter?

The Multi-gamma counter has one to four very sensitive sodium




iodide detector’ The sensitivity is achie\? by minimizinrg

the amount of absorber between the source and the sodium iodide.
In the Multi-gamma counter only a very thin (0.010 in.)

aluminum sleeve separates the sodium jodide crystal from the
iodine~129 source. On the other hand, the crystal of the
portable detector is separated from the source by two layers of
aluminum which total approximately 1/8 inch thick. This thick-
ness is sufficient to reduce the x-ray intensity by approximately
50 percent. (See Appendix III.)

Now I understand that there is little danger from the iodine-129
source, but why are so many radiation labels required?

The Nuclear Regulatory Commission requires that all sources

and containers of radioactivity be labeled. The label must
identify the radioactive material and tell how much is present
and it must also bear the international symbel for radiocactivity
and the words:

CAUTION RADIOACTIVE MATERIAL.

These labels are for the protection of the "unsuspecting public"
who could be unknowingly exposed to radiocactivity.

Will working with radioactivity make me sterile?

Occupational exposure to radioactivity at Packard will not
make you sterile.

Knowledge about radiation induced sterility comes from thera-
peutic uses of radioactivity. Localized exposure, spread
over a few weeks, of 500-800 rems to*the gonads can produce
permanent sterility in males or females. Note that this is
localized exposure under conditions of therapy. A dose of

500-800 rems to the whole body would probably result in death
within 30 days.

Temporary but measurable sterility can result from an acute
dose of 20 rems to the testes.

Egposure of the magnitude to cause sterility are impossible
with the levels of radioactivity used at Packard.

Can radiation produce monsters?

Monster formation (i.e., mutations) would be a result of genetic
damagg. Fortunately, there is no evidence of radiation induced
mutations in humans. The descendants of survivors of the
nuclear bombs at Hiroshima and Nagasaka do not show monsterism.

Stgdies involving the irradiation of fruit flies have produced
evidence of mutation in this species. However, the rate of
mutation is estimated as one gene out of 100,000. Dr. Hermann

J. Muller was awarded a Nobel prize in 1946 for demonstrating
that radiation can produce mutations in fruit flies.

Remember that no evidence is available to show that radiation
€Xposure can transform human beings into monsters.
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How: does an overdose of radiation affect me and what effect
does the overdcse have orn the individuals with whom I live?

This is a multifaceted question which we will separate into
four parts:

1. External 2xposure without external contamination.
2. External exposure with external contamination.
3. Internal contamination.

4. What constitutes an overdose f ralioact:iv.ity.

1. The first case is cne i1 +hich an individual is exposed to
a source of radiation by none of the radiation adheres to

the individual's body or clofhing. The most familiar

example is a medical o. .ental x-ray procedura. Our experi-

ence over nearl: 100 yeqs 3 confirms that there is no

induced radiaticn and n.. residual radiation in an individual

after obtaining a medical or dental x-ray. The same is

+rue for the commen radiations from radioactive materials.

irradiation by alpha or beta particles, or gamma rays,
will not make you rzdioactive nor will a residue of

radioactivity remain or your c¢lothes or your body when the

radioactive source has been removed.

We can reach the same conclusion using another analogy..

Gamma radiation i3 vlec!romagnetic radiation just as light
is. We all know that when the iight .8 extinquished none

of us glow.

There is r.o effect on those who share your 1{ ving quarters.

2. The second case is one ir which external exposure is

accompan:.ed by sontamination of the individval's clothing
and body. Erternal contaminution can not cocur with sezled
sources. Typ{cat of the seajcd sources used at Packard are:
Sibailt-60, iodine-129, barium-133, cesium-137, radium-226

and americim=-241.

The manipulacion ot ursealed sources, whether liquid or

solid, presents the posgibility of external contamination.

Tyrmical unscaled sources used at Packard include:

a) solutions of iiguid scint{llation standards in
glass ampoules,

b) standardized solutions of radioactivity used to
prepare sealnd standards, and

¢) solu.ions of radinactivity fcr use in research.

“he exercise of proper techniques for handling unsealed

radiocactive souices greatly diminishes the likelihood

of external contaminaution. In addition, each individual
ar.d the protective clo.hing used should be monitored for
radioactivity befcre leaving the area. If necessary,




decoxxtaminati’ and re-inspection should ‘10\:1.

There is no effect on those who share your living quarters.

‘ 3. The third case, internal exposure, becomes a concern when
contamination control is absent. Radioactive materials
can enter the body by three means: a) ingestion, b)
inhalation and c¢) absorption.

Ingeotion - The concern here is accidental ingestion,
which should be prevented by control of personal

hapits. Food, drink and smoking materiale should |
be banned from the area where radioactivity is being |
handled, and nothing sliould be placed in the mouth |
while in the area.

\

|
Ingested radionuclides can enter the blood stream ‘
by absorption tarough the gastrointestinal (GI) |
tract. How much is absorbed into the blood stream |
depends on the chemical and physical form of the i
ingested material. Insoluble material is excreted |
through the f{eces. ‘

Inhalation - Vapors frem volatile liquids and airborne
powders can enter the body by inhalation. Materials
which can become airborne should be handled in a
laboratory hood.

Inhaled radionuclides can be absorbed into the bhlood
stream through the lungs.

Absorption - Radioactive materials can also enter the
blood stream by absorption through the unbroken skin,
or through abrasions, cuts and punctures. Any
individual working with unsealed radiocactive materials
should wear protective clothing (e.g., gloves) and
otherwise prevent contact with the skin. If skin
contact does occur, the skin should be washed with
soap and water and decontamination confirmed by means
of a radioactivity monitor.

An individual with internal radioactivity, other than

the naturally occuring materials potassium-42, carbon-14,
hydrogen-3 (tritium) and daughters of thorium and radium,
should be considered a source of radiation and radioactive
contamination. It may be necessary to provide protection
for those who come in contact with the contaminated
individual.

Experience gained by the medical profession when treating
patients with radioactive materials is useful in establishing
some guidelines with respect to protective measures.

Low Level Contamination

Accidental internal contamination of Packard employees is
very unlikely because unsealed sources are handled in the
laboratory area only and this area includes the proper

|
|
|
|
|
}
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equipment for the safe handling of radionuclides. and the
laboratory personnel use the necessary precautions. 1In
addition, the unsealed sources used at Packard seldom

. contain millicurie amounts of radioactivity and are normally
limited to microcurie quantities.

The Nuclear Medicine departments of hospitals routinely
administer microcurie quantities of radioactivity in
various diagnostic tests. Typical doses can range from
0.5 microcurie to 500 microcuries. Patients with such
doses are not restricted, they mingle with the hospital
staff, use public transportation and associate with family

members without affecting them in any manner due to the
radioactivity.

High Level Contamination

It is improbable that a Packard employee would ever get

a high level occupational dose because the amounts of '
activity used are small. High level contamination can occur

at plants which process nuclear fuel, synthesize radioactive
compounds or perform other chemical operations on radioactive ¢
materials. A person so contaminated should be under .
medical supervision sirce the contamination is somewhat

analagous to chemical poisoning. l

What constitutes an overdose of activity?

The NRC has set 1.25 rems per calendar guarter as the Maximum
Permissible Exposure. However, NRC recognizes the possibility

of emergency situations in which a brief, high radiation exposure
can occur. Such emergency exposure is allowable provided that:

a) the dose in any calendar quarter does not exceed 3
rems, and

b) the high dose plus the accumulated exposure does not
exceed 5 (N-18) rems, where "N" equals the individual's
age on the last birthday.

Let us accept 3 rems as the definition of "overdose" ana relate
that to the sources which we commonly handle.

a) Iodine-125: 1 mCi for iodination
At a distance of 10 cm (cf Table 2.2), 1300 hours of
exposure would be required for a dose of 3 rems.
(1300 hours - 32 work weeks of 40 hours)

b) Iodine~125: 1Insulin RIA kit which contains "not more
than 10 microcuries".

At a distance of 10 c. and neglecting shielding and
| half life, 130,000 hours would be required for an
‘ exposure of 3 rems.

1 ‘ (130,000 hrs = 3,250 work weeks)

| ¢) Iodine-129: 0.1 uCi

At a distance of 10 cm, and neglecting shielding and
half life, 22 x 10° hour: wovld be required for an
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exposure of 3 rems.

d) Radium=-226: 10 uCi and 20 uCi at a distance of 10 cm,
and without shielding, a 20 microcurie source would
require 1800 hours and a 10 microcurie sourca would
require 3600 hours for an exposure of 3 rems.

These figures tell us that it is virtually impossible for a

Packard employee to have an emergency exposure equivalent to
what we have defined as "overdose".

Radium frightens me, but it is my job to add the source to the
"ell-tube” when we assemble the TRI-CARB. I always use
tweezers when handling the pellet. What are the possible
effects on me and what other precautions should I take?

The use of tweezers is a good procedure. You are probably
using other precautions such as:

1. storing the pellets in a labeled lead container in a
specific place,

2. handling at your work station no more pell2ts than you
need for the job,

3. working quickly and efficiently when loading the
"ell" tube.

These three precautions plus the use of tweezers illustrate
fundamental ways to limit exposure to radiocactive material:

!
USE ONLY AS MUCH AS IS REQUIRED.

SHIELD THE ACTIVITY.
LIMIT THE TIME OF EXPOSURE.

USE DICTANCE AS A PROTECTION.

When these principles are followed, exposure will be low and
the possibility of adverse effects will be minimal.

Your first statement was "radium frightens me". That is a
perfectly normal reaction. We are all aware of frantic searches
in hospitals whenever a radium needle was lost; we have heard
horrible stories concerning radium watch-dial painters, and

the movie story of Marie and Pierre Curie showed that they had
Jeukemia ("blood cancer") after years of working with radium

and other radioactive materials. How do we sort things out?

My mother used to say "enough is enough and too much hurts".

This is the basic thought we should have in understanding how
to safely handle radium.

Radium salts were the first radioactive materials used in the
radiation treatment of cancer. The radium was encapsulated
in needles so that a needle could be implanted and recovered.

Recovery was desirable for two reasons: first, radium has a




long half-life {1620 ys8) s
would be contaminated for 1

o if it was injected the patient
ife; second, radium was and is very

expensive so recovery was advisable as an economy measure.
The frantic searches for lost needles was due to both factors,

hazard and value.

sufficiently, the tempcrarily implanted radium needle wa>
removed. This technigue applied three fundamentals:

1. localization of irradiation or spatial control,

2. utilization of a small amount of guantity control, and

3, implantation for a

These controls were absent

when the doctor felt that the cancer had been irrad.ated '

definite period or time control.

in the experience ©f the Curies

and the radium watch-dial painters. There was no understanding
of the fact that some of the organs of the body are critically ‘

affected by radiation. FoO
organ ig bone and for inso
organ is the lung. Throug

r soluble radium compounds, the critical
luble radium compounds, the critical
h years of working with radium and

other radioactive materials, the Curies must have inhaled

powders containing radium

and these powders lodged in the

lungs. Here the radium continualli irradiated tne blood,

causing leukemia. The ra
habit of touching the tip

dium watch-dial painters had the

of the paint brush to the tongue in

order to maintain a fine tip. The soluble radium salt concen~
trated in the bone since radium seeks bone just as calcium does.
Unfortunately, wradium displaces the ~alcium in the bone conse=
quently damaging the bone.

where chronic exposure refers to small doses received repeatedly
over a long period of time. The precautions observed in assembling

the ell tube are design=»d

to control exposure to a minimun

and to prevent ingestion of the activity. Handling the radium
pelletz is safe if these precautions are always observed.

I work with jodine-125 in

one of two chemical forms: a)

jodine~125 labeled ¢ri-iodothyronine for the T-3 test and

b) sodium iodide I-125 f.
normal amount of T-3 (or
likewise, a standardized
purchased containing 108
is how would I be affecte
spilled on me Or 12 it wa

|
\
The Curies and the pairters wexre victims of chronic exposure

r the preparation of standards. The
r-4) purchased 1s 100 microcuries,
golution of sodium {iodide can be

d if the full 100 microcuries was
s totally oxidized?

Before we answer the question, let us review some facts about

iodine-125.

wmicrocuries per milliliter. My question
|
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Half-life ‘ 60.14 da"

Mode of Decay Electron Capture

Principle Radiations Energy Emanations per 160
ol disintegrationa
Auger-L 3.19 kev 156
Auger-K 22.7 20
ce-K 1 3.6781 80
x~-ray L 3.77 15
X-ray sz 27.20170 39.8
x~ray K
ofite 27.47230 74.2
itha So" 31, 25.8
Y-1 35.1919 6.67

Compounds labeled witii iodine-125 pehave in the body in the
same manner as compounds conta.ining nonradioactive iodine.

The labeled com nunds are adminisztered orally (thyroid function)
or intra-venous.y (liver function, blood volume, etc.). The
labeled compound can be detected and measured through the

skin because of the x-rays and the gamma ray.

The quantity of radioiodine used varies with the test. Some
quantities are as follows:

Test Administered quantity

Thyroid iodine uptake

10 - 50C microcuries
Thyroid scanning

50 microcuries to "several"
millicuries
Thyroid metastases up to 100 millicuries

We immediately notice that the 100 microcurie shipment spilled
approximates the lower level of activity administered for
medical purposes. Reasoning by analogy, the accident can be
no more dangerous than the medical procedure.

If we assume that the accidental spill results in complete in-
gestion of 100 microcuries of iodine-125, we become concerned
only with long term effects since the quantity of radioactivity
and the energy of the radiations will not produce acute cffects.

Todine compounds are prirmarily eliminated from the body in
urine. Greater than 40% of the administered dose (accidental
or intentional) is eliminated in 24 hours by individuals
with a nornaily functioning thyroid.

*The Internaticnal Atomic Energy Agency recommends 59.156 days.




We can compute the effective half~-life (Teff) of iodine from the
following data and equation:

Tate = T 2Ty

Tr . ﬁb

Tr = 60.14 days

T, = 136 days = biological half-life '6f iodine

Therefore,

Teff = 41.% days

Roughly speaking, 50 microcuries will have been excreted in
six werks. The amount remaining in the body after 1 year
will be approximately one-third of a microcurie.

Let us now respond to the guestion of what is the effect of
spilling on ones self 100 microcuries of a compound containing
iodine~125. Let us assume that little, if any, is ingested

and that the ~ontamination is 100% external. The problem is

now much simpler and becomes an exercise in decontamination.

The skin should be washed witii soap and water; the contaminated
clothing should be remoed &nd the contaminated area rinsed with
water. The skin and the clothing should be checked with a
portable radiocactivity detector to confirm that the decon-
tamination was successful,

We have deliberately studied the effect of accidental exposure
to 100 microcuries of iodine-125 as related to intentional
medical exposure o that we could develop a perspective of the
risk of the accident relative to medical procedures. It should
be stated that the medical procedures represent a conscious
acceptance of risk in the expectation of receiving dasirable
benefit. Although our analogy emphasizes the minimal risk
caused by the accident, it does not alter the fact that

proper care should be exercised to avoid the accident. After
all, an accident involves risks without benefit.

I appreclate the discurvsion of the various questions. However,
I am still skeptical. Exposure to radiation cannot fail to
be harmful! We cannot see, feel, smell, hear or taste it!

How can I be assured that it ig truly safe for me to handle
radicactivity?

The best way to reassure you may be to equate occupational
exposure to radioactivity tc another exposure to ionizing
radiation with which we are familiar and comfortable. Perhaps
we are most familiar with ionizing radiation as applied in
medical diagnosis using x-rays. In a group of nations with
highly developed medical technology, the annual exposure of
the population to dlagnostic x-rays has, as its upper limit,
the following percentages:

V=10
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General med‘l X-rays 40% .

Mass chest surveys 17%

Dental x-rays 17¢

In the United States the annual frequency of x~-ray examinations
is almost one x-ray per individual. Since we accept this
wide-spread use of ionizing radiation without any public
outcry, I propose that we examine the exposure to x-rays

quantitatively so as to place in perspective the occupational
exposure due to handling radioactivity.

The International Commission on Radiological Protection (ICRP)
has summarized data on the average radiation dose received
per examination for three tissues -~ skin, gonads and bcne
marrow. The dose to the skin can range from 100 mrem for a
chest x~-ray to 10 rem for abdominal examinations of obese or

pregnant patients. Dosage to the gonads and bone marrow varies
with sex and age.

TABLE 5.2 EXPOSURE 1IN RADIOLOGICAL EXAMINATIONS

Adults ~ Children
Bone Marrow Gonad Gonad Dose
Examination NDose Dose
(mrem) (mrem) (mrem)
Male Female|Male Female
Head and neck 50 less than 10| less than 10
Dental (full mouth) 20 w 'y
Chest (heart & lung) 40 " "
Upper back 200 " 30 30
Stomacl. & upper GI tract 300 30 150 75 150
Lower back 200 1000 400 200 200
Pelvis 100 700 200 300 150
Urinary tract 500 1200 700 500 200
Lower GI tract 600 200 800 400 500
Abdomen 100 500 500 150 50

How can we relate these data on radiological examinations to

occupational exposure of Packard employees who handle radiation?
A re-examination of Tables 4.3 and 5.2 will be helpful.

V=11




TABLE 5.3 EXPOS&E OF PACKARD PERSONNEL ‘

1978 1979

Range Individuals Individuals
(mrem) rer Cumulative S of Per Cumulative % of

Range Total | Range ; Tota.
No Measurable 328 328 89.4 222 222 62.3
Exposure*
0.0 - 100 34 362 98.6 115 337 94.7
100 - 250 3 365 99.5 18 355 99.7
250 - 500 3 366 99.7  § 356 100
1000 -~ 2000 1 367 100

*No measurable exposure means less than 10 mrem.

TABLE 5.4 ZXPOSURE OF ADULTS

IN RADIOLOGICAT, EXAMINATIONS*

(mrem)

Examination Male Female
Head and neck 50+ 50+
Dental (full mouth) 20+ 20+
Chest (heart anéd lung) 40+ 40+
Upper back 200+ 200+
Stomach & wpper G.I1. tract 330 450
Lower back 1200 600
Pelvis 800 300
Urinary tract 1700 1200
Lower G.I. tract 800 1400
Abdomen 600 600

*Exposures of gonads and bone marrow are summead.

Comparison of the exposures due to occupation and radiological
examination shows that less than one~half of one percent of

the Packard employees received more than 250 mrem during either

year. Thus Packard employees experienced less exposure than

occurs with x-rays of the GI tract (upper or lower), lower back,
pelvis, urinary tract or abdomen!

Do we consider diagnostic x-ray examinations to be safe?
Practically each individual U.S. citizen has an annual x-ray!
It must be safe! Since the occupational exposure of Packard
emyployees to ionizing radiation is lowur than diagnostic x-ray
exposure, it must be concluded that the applications of radio-
activity at Packard are conducted with safety.




Do you really ,pect me to believe that tl‘ is no danger
in handling ra loactivity? Everyone knows better than that!

You have failed to convince me!

To begin with, we are not trying to convince you that handling
radiocactivity is without danger. Let me repeat that our

primary goal is to MINIMIZE FEAR of radioactivity and to develop
a profound RESPECT for radioactivity and its uses. We also

are stressing that proper care and protection REDUCES the danger
which could result from handling radiocactivity.

The techinique used to achieve our goal has been to relate the
petential danger from handling radioactivity to FAMILIAR and
CONVENTIONAL DANGERS which we accept without hesitation. 1In
Section IV we compared the average radiation exposures of the
general population of the United States to the occupational
exposures of Packard employees who work with radiocactivity,
Perhaps a comparison of the exposure of the general population
to cosmic radiation and the exposure of Packard personnel to
radioactive material would help prove our point.

Cosmic radiation originates in "outer space" from unknown
sources either in or beyond our galaxy. Cosmic rays are very
energetic with energies known to reach 10'°® ev and P 3sibly
more. These rays interact with the earth's atmosphere and
produce secondary racdiations which include electrons, protons
and other particles. Cosmic radiation enters the earth's
atmosphere day and night and the amourt at any location varies
w.th the aititude above the earth's surface and the amount also
varies with latitude. For our comparison, we wiil examine vari-

ations with altitude in the latitudes which include the United
States.

Sea Level

The dose of cosmic radiation to the general population is

26 millirem per vear. This includes Packard employees who do

not handle raanactIvity, such as secretaries, clerks, assemblers,
switchboard operators, administrative officers, data processors,
ete.

High Altitude Living

Data is available for two Colorado cities - Denver and Leadville.

Denver - If you live in Denver (the "Mile High City", altitude
5.280 feet) the cosmic ray dose is 50 millirem per vear.

Leadville -~ If you live southwest of Denver, in Leadville
(altitude 10,560 feet or 2 miles) your annual dose
from cosmic rediation is 125 millirem per year.

Jet Plane Traveling

Jet airplane: cruise at altitudes up to 40,000 feet (approximately
7.5 miles). s#ccording to the National Council on Protection

and Measurements, a transcontinental flight of 5 hours duration
would result in an absorbed dose of 2.5 millirem (0.5 mrem

V=13
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per hour). A 10 hour flight from California to Europe over the
polar youte would result in a dose of 10 millirem. (The

amount of cosmic radiation is greater at the poles.) With these
figures avallable, let us calculate the exposure for pilots

and flight attendants assuming a 20 hour work week. On this
basis a transcontinental crew will absorb 10 millirem per week
or 500 millirem per year and a transcontinental-transatlantic
crew flying the polar route will absorb 20 millirem per week

or 1000 millirexr per year.

These data are illustrated in the bar graph of Figure 5.1.
What can we conclude from the graph?

1. The exposure of Packard personnel involved with radioactivity
is less than the cosmic ray dose absorbed by residents of
Leadviile, Colorado and by flight crews of jet airplanes.

2. The exposure of Packard personnel involved with radioactivity
is approximately equal to the cosmic ray dose absorbed by
residents of Denver, Colorado.

Would it be reasonable to stop living in the Colorado mountains
or to stop flying jet aircraft? I would vote a resounding
40! How would you vote?

There is no liore dramatic way to illustrate the safety which

results when radioactivity is respected but not feared and when
proper precautions are observed.

V-14
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Figuie 5.1. LXPOSURES DUE TO COSMIC RADIATION o
COMPARED TO EXPOSURE OF PACKARD
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Legend (Dose in mrem per year).

General population.
Average exposure of 75% (550) of Packard Personnel involved with radioactivity.
Residents of Denver, Colorado.
Average exposure of 97% (699) of Packard personnel involved with radioactivity.
Average exposure of all (723) Packard personnel involved with radioactivity.
Residents of Leadville, Colorado.
Transcontinantal flight crew,

Transcontinental/transoceanic flight crew using polar route.

V16

———— ————



APPENDIX I

THE ROENTGEN UNIT

This appendix will illustrate the calculation of the value of 1
roentgen expressed in MeV per gram of air. This value of the

roentgen was used in Section 2 in the calculation of the dose
rate from 1 curie of cobalt-¢0.

When x-ray or gamma ray photons pass through air,
ionized into charged particles usually called
roentgen is defined as that quantity of x-
which produces one electrostatic unit (1 es

per 0.001293 g of air (1 cc at STP). Since the charge on the

electron is 4.80 E -10 esu, the number of ion pairs equivalent
to one roentgen can be calculated.

che air is
"ion pairs". The
or gamma radiation
u) of electricity

o 1l esu

- Ir = 2.083 E 09 ion pairs per cc of
4.80 E ~10 esu/ion pair air sTP

The formation of each ion pPair requires 32.5

eV (or 32.5 E -06 Mev)
of energy.

R 2.083 E 09 x 32.5 E -06

6.771 E 04 MeV/cc air s™p
Converting to MeV/g air

R=6.771 E 04
0.001293

= 5.24 E 07 MeV/g air

(A) 1-1




APPENDIX II

THE PROBABILITY OF DRAWING
THREE SUCCESSIVE ACES

P(A), Az, Ag) "-:%'IX'S'IX

U'I,N
o

24
= 132,800

= 3 in 16,575

(Estimate of radiation induced cancer is 3 in 10,000)




. APPENDIX III ‘

CALCULATIONS OF HVL FOR VARIOUS MATERIALS AT 40 keV

lodine~129 decays by the emission of beta particles with a maxinum
energy of 150 keV and an average beta energy of 40 keV. There
ar® simultaneous emissions of x-rays and gamma rays.

Rays E (keV) Intensity (%)
x-ray 1 4.1 8.2
x~-ray 2 29.458 20.0
x~ray 3 29.779 37.1
x-ray 4 33.6 13.2
gamma ray 39.58 7.50

For the calculation of HVL we locate the mass abksorption coefficient
for various materials in the Radiological Health Handbook, pp. 137 =~
139. The mass absorption coefficient is tabulated in units of

em?/g and must be multiplied by density to yield HVL in cm.

1, = 1e(H/P) (P) (x)

= intensity

I

X abgorber thickness

N - absorber thickness which reduces intensity by one~half
X,

e 0.693/(u/p) (p)

The HVL for eleven materials was calculated using the equation

above. The last two columns show XB in centimeters and inches
respectively.

(Chart on next page)
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B O T T T T . .

Lead is obviously a ’od material for shielding Qi air is very poor.
HVL for air is meaningless since distance between the source and

the individual is one of the three factors for decreasing exposure.
(See Note.)

NOTE: Radiation traveling through air loses intensity inversely
proportional to the square of the distance (i.e., 1/d%).
The reduction in intensity can be calculated for various
distances from the source and some results are provided in
Table III-2.

The calculations are based on the following equation and the
assumption that d, = 1:

I = I,(d,)% x 1/(d,)?
TABLE III~2

REDUCTION IN INTENSITY OF RADIATION THROUGH AIR AS A FUNCTION OF
DISTANCE

d) = ]
dz Percentage of Initial Intensity (%)
2 y &
3 11
4 6.28
5 4
10 |
12 Py
4.1 0.16
50 0.04
100 v.01

(A) II11-3




. INVERSE SQUARE LAW
2
Iy (do)
omsmumngy W 2
Io (dy)
I = radiation intensity
d = distance
o = initial distance
X = multiplier

Xdo = dx

2 2
f LY Y e T
To (xdo)? xa?
Ix = IQ
2
X
i '
X i x?
0.5 0.25 VR R R e
1.0 1.0 .
2.0 4.0 0
LI v s
/89  1a = 0.04 I,
1/100 Io ® 0.01 Io

(A)III-4




THE ELECTROMAGNETIC SPECTR&

WAVELENGTH FREQUENCY ENERGY
( meters ) ( hertz ) (eV)
76 A 12
" g IR | PR T gt
R - - \
P 2 By
" gt A e 1.24X10 4=
- - -
& ol i GAMMA COSMIC
A 18 4
T gl I0 . e 1.24X10 =
%4 e K X-RAYS
P e uunwo:.n_‘
Ll w 1.2 =~
<y s eunnd " ‘ ¥
iyl b [ ISIBLE
| INFRARED
- roees
s - l
2 T' 10 -~
10° IX10  we 1.24X10  =fem MICPOWAVYES
' RADAR
- e e TV
£ - L *
= 6 e L o8 e
10° IX10 e 1,.24X10 e 4 TV
— SHORTWAVE
P Y ?RADIO
— }-— -
P P it X
10° 4 X0 4=  1.24X16 4= *
ks - b ELZCTRIC POWER
—. e b ocam
Type of Wavelength Range* Frequency Range Energy Range
Radiation (meters) (hertz) (eV)
Electric Power @ -3 x10® 0 ¢ 10" 0 - 4,1x10713
Radio Waves } Y -3 wmet 10* - 10** 4.1x10°** . 4,.1x10°°
Infrared 3 x0™ . 1.4m0™ 10** . MNP ANt . s
Visible 7.6x1077 - 3.8x10”7 4 x10** - 7.9x10*¢ 1.6 N
Ultraviolet 3I.00"7 -3 xi0™® 7.9x10** - 107 3.3 - 410
X Rays 1.2x1077 - 4,1x107%7  2,5x10*® - 7.3x10°% 10 -3 x10*°
Gamma Rays 1.5x107%% - 1.2x107%3 2 x10%® . 2.5x10%} S B9 . ¥
Cosmic Rays T SRR 500" & sas 10 > eee

*Ranges are

approximate; no

exact end points exist.

(A) 1V-1




PHOTON ENERGY

Energy in electron volts = 1,240 EO4
wave length in angstroms

h = Planck's constant = 6,6256 E-~34 joule second
¢ = speed of light = 3 E 10 em/sec
€ = electron charge = 1,6021 E-19 coulomb

) = wave length in angstroms = 1E - 08 em/A

levse 6,6256 E-34 x 3E10 x 1
1,6021 E-19 1l x E-08

1 eV = 1,240 EO4 per angstrom

(A) IV-2
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