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YALE UNIVERSITY

INTRODUCTION

Ionizing radiation is potentially hazardous unless used with strict adherence
to safety rules and procedures. Unlike most other such hazards, the risk of
unguarded exposure to ionizing radiation includes the possibility of damage to
future generations. Thus, the safety rules which govern all uses of ionizing
radiation are concerned with preventing genetic damage as well as protecting
the health of the exposed individual. When followed faithfully, these rules
limit exposure of radiation workers to levels far below those which might cause
any adverse somatic or genetic effects. The rules and procedures set forth in
this guide have one single, straightforward purpose - to protect employees and
the public against unnecessary and potentially harmful exposure to radiation.

Four steges of responsibilities are involved in the radiation safety program.
All are equally important:

1. Radiation Safety Committee: This is a group of scientists and physicians
appointed by the Yale Administration to establish policies and regulations
governing the use of ionizing radiation at Yale.

2. Bealth Phvsics Division: An operating unit of specially trained health
physicists and technicians which is responsible for insuring compliance
with these policies and regulations; 4t also provides a variety of techni-
cal services to the Yale community necessary for achieving such compliance.

3. Authorized Principal Investigators: University faculty members whose train-
ing and experience are such that they have been authorized by the Radiation

Safety Committee to use ionizing radiation in their laboratory's research
activities.

4. Individual Users: Scientists, physicians, other professionals, students,
research personnel, technical and other workers engaged in laboratory
research and research support activities which involve actual use and hand-
ling of materials and devices producing ionizing radiation. These personnel
usually work under the immediate supervision of authorized Principal Investi-
gators.

GENERAL INFORMATION

Name Telephone
Chairman, Radiation Safety Committee Peter D. Parker 6-2320
Director, Health Physics Division George R. Holeman 6-0570
Health Physicist Kenneth W. Price 6-0570
Health Physicist Frederick Greenhalgh 6-0570
Chief Technician George Andrews 6-0536
Film Badge Specialist Lyent W. Russell 6-8434
Senior Administrative Assistant M. Claire Mulvaney 6-0570
Isotope Secretary Lorraine Venditto 6-2935

Waste Disposal Service - 6-0536




RADIATION SAFETY COMMITTEE

The Radiation Safety Committee is composed of members appointed by the President
of the University and has jurisdiction over radiation sources and activities in
areas under Yale control. The Committee concerns itself primarily with establish~-
ing policy.

The functions of the Committee include:

1.
2.

Establish policies regarding radiation protection of the Yale community.

Provide direction and advice to the Health Physics Division on matters re-
garding radiation safety policy.

Receive, review, and act (through a subcommittee) on all applications for the
use of radiation sources in any areas used by Yale personnel.

Receive and review periodic reports from the Health Physics Division on
monitoring, contamination and personnel exposure.

Periodically review the overall use of radiation sources at Yale.

Review instances of alleged infraction of use and safety procedures with the
Health Physics Division and the responsible individuals.

HEALTH PHYSICS DIVISION

The Health Physics Division is the operational arm of the Radiation Safety Com-
mittee and is responsible for:

Implementing policy decisions of the Radiation Safety Committee and insuring
compliance with various Federal regulations.

General surveillance of all health physics activities, including both per-
sonnel and environmental monitoring.

Furnishing consulting services to personnel at all levels of responsibility
on all aspects cf radiation protection.

Establishment of procedures for purchasing, receiving and shipping all radio-
active materials coming to or leaving Yale.

Monitoring all University accelerators, isotope laboratories, x-ray machines
and other equipment capable of producing ionizing electromagnetic radiations.

Distribution and processing of personnel monitoring devices including film
badges. The keeping of records of internal and external personnel exposure,
and notifying individuals and their supervisors of exposures, as well as
recommending appropriate remedial action.

Instructing personnel in proper safety procedures for working with radio-
active materials or radiation producing equipment.

Supervision and coordination of the waste disposal program, including the
processing, storage and disposal of radicactive waste and the keeping of the
required records.

Operation of and the allocation of space in the Isotope Facility, 1138 Kline
Biology Tower, and the Cancer Center Radioisotope Facility, 400 Laboratory of
Epidemiology and Public Health. These laboratories are equipped for the hand-
ling of high levels of activity. Space is available in the above labotator-
ies to any authorized Yale investigator on an allocation basis.
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10.
11‘

12.
13-

Storage of stock solutions involving large quantities of isotopes.

Supervising the leak test of all sealed ecurces and maintaining the
required records.

Maintaining a quarterly inventory of all radiation materials at Yale.
Supervising decontamination in cares of contaminating accidents.

AUTHORIZED PRINCIPAL INVESTIGATOR RESPONSIBILITY

Authorized Principal Inveetigators are responsible for insuring that the follow-

ing individual user responmsibilities are discharged by those under their control
and are further responsible for:

1.

Adequate plamnning of experiments and determination of the type and quantity
of radiation or radioactive material to be used. This determination will
generally give & good indication of the safety measures that should be
employed. Experimental procedures must be well outlined to allow adequate
review of safety precautions. Where possible, a cold run using the planned
procedures or tracer quantities of radioactive material is recommended to
avoid unforeseen safety problems. In any situation where there is appre-

ciable radiation hazard, the Health Physics Division shall be consulted
before proceeding.

Providing for instruction of those employees for whom they are responsible

in the use of safe techniques and in the application of approved radiation
safety practices.

Furnishing the Health Physics Division with information concerning individ-

uals and activities in their areas, particzularly, pertinent changes in
their personnel rosters.

Contacting the Health Physics Division whenever major changes in operational
procedures, new techniques, alterations in physical plant, (for example,

the removal of radiochemical fume hood), or when new operations, which might
lead to personnel exposure, are anticipated.

Complying with the regulationms governing the use of radicactive materials

as established by the United States Nuclear Regulatory Commission and the
Yale Radiation Safety Committee for:

a. Using proper procurement and transfer procedures. (See Procedures for
obtaining Radiocactive Materials).

b. Posting areas where radioisotopes are kept or used, or where radiation
fields may exist.

€. Security of radioisotopes in their possession from unauthorized use.

d. Recording the receipt, transfer and disposal of radioactive materials
in their area. This includes sealed sources, such as ion sources in
gas chromatographs and static eliminators. The authorized user must
submit inventory data onm a quarterly basis.

€. Assuring that all radioactive waste materials are disposed in accordance

with NRC regulation or are transferred to the Health Physics Division
for disposal.

f. Assuring that appropriate records are maintained of work and are reported
to the Health Physics Division on a quarterly basis.

8. Providing adequate instrumentation for assessing potential radiation

hazards in their area and performing routine surveys of the work area
as necessary.
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h. Taking steps to prevent the transfer of radioactive materials to unauthor-
ized individuals. This includes the proper disposition cf radiocactive
materials possessed by terminating emplovees and/or students.

6. Keeping the stock of stored radicactive materials to a minimum within labor-
atory areas. Authorized users should employ the storage facilities of the
Isotope Facility, 1138 Kline Biology Tower or Cancer Center Radioisotope Facil-
ity, 400 Laboratory of Epidemiclogy and Public Health, for shipments not needed
in current research.

7. Insuring that service personnel are not permitted to work on equipment, hoods
or sinks in radiation areas without the presence of a member of the laboratory
staff to provide specific information.

8. Complying with proper procedures for termination of employment or termination
of any experiment using radioactive materials. The authorized user must re-
turn to the Health Physics Division all radiocactive materials, including waste,
assigned to him under the license. Particular care should be exercised to sce
that specialized equipment such as personnel monitoring devices (namely, film
badges) are returned to the Health Physics Division. A final termination
survey is also necessary.

INDIVIDUAL USER RESPONSIBILITY

Each individual at Yale who has any contact with radiocactive materials or radiation
producing equipment, is responsible for:

1. Keeping his exposure to radiation as low as possible, and specifically below
the maximum permissible exposure as listed in the following table:

Rems Per Calendar Quarter

Whole body; head and trunk, active blood-

forming organs; lens of eyes or gonads......... 11/4
Hands and forearms, feet and ankles....... swrave B Ik
Skin of whole body........ svssssteoineissrsniies: 1 e

Laboratory air and water concentrations shall be maintained below the levels
listed in the Code of Federal Regulations, Title 10, Part 20 (10CFR 20)
"Standards for Protection Against Radiation'. (See Appendix III.). Fetal
exposures should be kept below 0.5 rem for the nine month gestation period.
(See Appendix VI. for further information).

2. Wearing the prescribed monitoring equipment such as film badges and pocket
dosimeters in radiation areas. Personnel who work only with pure alpha
emitters, or only with pure beta emitters having a maximum energy of less
than 0.2 MeV (namely, *H, !“C and 35S) will not be required to wear film
badges.

3. Surveying their hands, shoes and body for radiocactivity and removing all
loose contamination before leaving the laboratory,
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10.

11.

12.

13.

Utilizing all appropriate protective measures such as:

&. Wearing protective clothing whenever working with radioisotopes, and
not wearing such clothing outside of the laboratory area.

b. Wearing gloves and respiratory protection when necessary.
c. Using protective barriers and other shields whenever possible.
d. Using mechanical devices when appropriate to reduce exposure.

e. Using pipette filling devices. Never pipette radiocactive solutions
by mouth.

f. Performing radiocactive work within confines of an approved hood or
glove box unless serious consideration has indicated the safety of
working in the open.

Not eating, drinking and/or smoking in areas where radiocactive materials
are present. Refrigerators may not be used jointly for food, beverages
and radioactive materials.

Maintaining good personal hygieme. Do not work with radioactive materials
if there is open or unprotected break in skin below wrist. Wash hands and
arms thoroughly after working with radiocactive materials.

Checking periodically for contamination in the immediate areas in which
radioactive materials are being used (hoods, benches, etc.). Any minor
contamination observed should be decontaminated. Large amounts of activity
found should be decontaminated under Health Physics Division supervision.

Keeping the laboratory neat and clean. The work area should be free from
equipment and materials not required for the immediate procedure. Keep

or transport materials in such a manner as to prevent breakage or spillage
(double container), and to insure adequate shielding. Keep work surfaces
covered with plastic-backed absorbent material, preferable in a tray or
pan, to limit and collect spillage in case of accident.

Label and isolate radioactive waste and equipment, such as glassware, used
in laboratories for radicactive materials. Once used for radioactive sub-
stances, equipment should not be used for other work, and should not be

permitted to leave the area until demonstrated to be free of contamination.

Requesting the Health Physics Division supervision of any emergency repair
of contaminated equipment in the laboratory by shop personnel or by commer-
cial service contractors.

Reporing accidental inhalation, ingestion, or injury involving radioactive
materials to Principal Investigator and the Health Physics Division and
carrying out their recommended corrective measures. The individual shall

cooperate in any and all attempts to evaluate his exposure. (See Appendix
X. for Emergency Plans).

Carrying out decontamination procedures when necessary, and taking the neces-
sary steps to prevent the spread of contamination to other areas.

Prompt compliance with requests from the Health Physica Division office
concerning body burden measurements, the submission of bioassay samples,
and scheduling for requested radiation physical examinations.

(5)



PROCEDURES FOR OBTAINING RADIOACTIVE MATERIALS

1.

Policy

As a matter of policy, the person apply ‘ng for authorization must be a
Faculty Member (Assistant Professor, As ociate Professor or Full Professor)
of Yale University. The Isotope Secretary will furnish application forms
and necessary information, and is the only person who may order radioactive
materials.

Authorization Procedures

a. The Radiation Safety Committee desires to have a minimum of "red tape"
to secure isotopes, but not all of it can be eliminated. The Investi-
gator can save time and trouble by following these instructions and by
using as much foresight as possible in anticipating his needs.

b. To obtain moderate amounts of any radiocactive materials for use on Yale
property only, and not in human beings, secure an application from the
Isotope Secretary. These forms must be completed in detail, in duplicate
and returned to her. Only one isotope should be requested on each appli-
cation. A separate sheet may be attached if necessary. These completed
forms are circulated to the Radiation Safety Committee, and when approved,
a copy is sent to the Investigator for his files. The Investigator may
then contact the Isotope Secretary and give her his order, or send a
written request or requisition. The Radiation Safety Committee's approval
of any application will expire 24 months from date of application.

c. For isotopes and uses not covered by the University's license, the Radia-
tion Safety Committee and the NRC must both approve. Application is
made on the Yale application form.

d. For Human Use applications, forms may be secured from the Chairman of
the Yale-New Haven Hospital Isotope Committee, 120 H.R.T., Section of
Nuclear Medicine.

Purchasing of Radiocactive Material

After a Principal Investigator has received approval to purchase radioactive
material, orders may be placed by telephone with the Isotope Secretary,(6-2935
or 6-2936). When placing an order by telephone give the following information:
Name of Authorized Principal Investigator.
Name of person placing the order and telephone number.
Name of Vendor, catalog number, microcurie or millicurie amount,
name of isotope and any special information or instructioms.
Also charging instructions must be given each time an order
is placed.

Delivery of Isotopes

When an isotope is received at the University or Medical School Receiving
Rooms. the Isotope Secretary is immediately notified and delivery of the
isotope will be made to the Principal Investigator by Receiving Room per-
sonnel. The amount and character of the isotope will determine the necess-
ity of the Health Physics Division monitoring the package upon receipt. A
recommended procedure for opening radiocactive shipments is in Appendix VIII.
and should be followed.
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USE

Transfer of Isotopes

The transfer of isotopes between Investigators and/or laboratories is to be
discouraged as & practice, however, wvhere a real need exists the following
recommendations apply:

W/ thin University facilities: If a Principal Investigator wishes to
lend or give isotopes to another Investigator, he should proceed as
follows:

The first person cau continue to be responsible, and must, therefore,
continue to supervise all uses of the isotope as stated herein, or

The second person may take over responsibility, ip which case he must
notify the Isotope Secretary, fill out the appropriate application

for approval and agree to abide by the regulations. Until this is
done, the first Investigator is responsible for the use of the isotope.

Outs'‘de University facilities: No radiocactive material may be trans-
ferred to, or used, outside Yale facilities, except by special arrange-
mends with the Committee or its representatives. Special arrangements,
depending on circumstances, are initiated by notifying the Isotope
Secretary of the proposal.

OF ISOTOPES

Policy

The minimum standards for handling isotopes must meet NRC regulations
known as 10CFR Part 20 (See Appendix III.). In addition, the recommenda-
tions of the National Council on Radiation Prctection and Measurements
(NCRP) are considered to be the basis of good practice and are valuable
guides, especially NCRP Report 8, "Control and Removal of Radiocactive
Contamination in Laboratories" and NCRP Report 30, "Safe Handling of
Radioactive Materials". A complete list of the NCRP reports is given in
Appendix XI..

In addition to the Principal Investigators' and users' responsibilities
(outlined in the above sections), a set of rules for laboratory work
with isotopes is given in Appendix VII..

Sources

Sealed Sources

Each sealed source containing byproduct material, other than tritium
with a half-life greater than thirty days, and in a form other than gas,
shall be leak tested at intervals not to exceed six months. For details
see Appendix IX..

Sources Which are Used Outside the Shielded Containers

These sources must bear a permanently affixed tag having the radiation
symbol, and the words, "Caution - Radiocactive Material, Do Not Handle,
Notify Civil Authorities if Found".

Radiocactive Foils in Gas Chromatograph Equipment

All gas chromatography units, in which radiocactive materials are to be
used, are regulated as follows:
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As with other radiocactive isotopes, the use of radiocactive foils in
gas chromatography cells must be approved by the Radiation Safety
Committee and orders placed through the Health Physics Division. In
addition, each cell coitaining a radiocactive foil must have a label
showing the radiation caution symbol with the words, "Caution -
Radiocactive Material", and the identity and activity of the radicactive
material. The radiocactive foil should not be removed from its identi-
fying cell except for cleaning.

Individuals using radiocactive compounds in gas chromatography equip~-
ment must vent the cell-exhaust through tubing into a hood or approved
trap. This procedure will avoid contamination of work areas from the
release of radioactive tagged samries introduced into the system or
from the accidental overheating of radiocactive foils in the cells.

The Principal Investigator will be responsible for periodic leak tests
and storage of radioactive foils when not in use.

EMPLOYMENT OF MINORS

Minors who have not reached the age of 18 may not be employed in any area where
they may be occupationally exposed to radiation, such as isotope laboratories and
areas which contain radiation producing equipment.

CONTROL OF STUDENT EXPOSURE TO RADIATION

The following guides are recommended with respect to the uses of ionizing radia-
tion in educational institutions and should be distributed to students participa~-
ting in demonstrations and/or experiments involving radiation:

1. Persons in the general population at any age. Such individuals should not
receive an exposure exceeding 0.5 rem per year in additiom to natural back~-
ground and medical exposures. This limit applies to those persons who are
not occupationally exposed. If an instructor or student of age 18 or greater
is subjected routinely to work involving radiation, then he is an occupation-
al workers and the exposure limit of 5 rem per year applies.

2. Persons under 18 years of age. These individuals shall not be occupationally
exposed to radiation. Therefore, individuals under 18 years old should not
be employed in an isotope laboratory.

3. Students under 18 years of age exposed during educational activities:

Such individuals should not receive whole body exposure exceeding 0.1 rem
per year due to their educaticnal activity. To provide an additional
factor of safety, it is recommended that each experiment be so planned
that no individual receives more than 0.01 rem while conducting or par~
ticipating in the experiment.

4. Students over 18 years of age exposed during educational activities fall into
category 1. above.

It should be emphasized that there is no difficulty in performing radiation ex-
periments and demonstrations in conformity with the above recommendations, if
appropriate safeguards are provided. A handout for students has been prepared and
is included in Appendix V..
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TRAINING OF NEW EMPLOYEES OR INDIVIDUALS WITE NO PREVIOUS RADIATION EXPERIENCE

10CFR Part 19 requires that each individual entering a restricted area be given
information on the radiation hazards to be experienced, biological effects of
radiation and techniques of radiation protection, (See Appendix II.). The
authorized Principal Investigator is responsible for training the individuals
working in his laboratory. The Health Physics Division assists the Investigators
by providing routine seminar sessions on radiation safety and radiation protec-
tion techniques. Principal Investigators should contact the Health Physics

Division when new individuals begin working in their laborstories to arrange for
their attendance at one of the seminars.

PERSONNEL DOSIMETRY

It is the intent of the Radiation Safety Committee to maintain occupational radia-
tion exposures at a minimum. In order tc accomplish this, the following methods
of personnel monitoring are employed:

1. Films Badges

Except for individuals using soft beta emitters ( E (8) < 0.2 MeV) and pure
alpha emitters, everyone directly involved with radiocactive materials, or
fonizing radiation producing equipment, at University facilities will be
required to have and wear a fils badge when working. Request forms for film
badges may be obtained from the Isotope Secretary and should be sent to the
Health Physics Division, Room 12, 340 Edwards Street, (telephone 6-8434). The
completed film badge request form should have the following information:

Name of Applicant (Printed or Typed)
Date of Birth

Social Security Number

Room Number, Building and Department
Principal Investigator's Name
Previous Radiation Work History

Wrist badges are required wvhen handling more than 10 mCi or P-32 and in other
situations where the hand exposures may be significant. Wrist badges should
also be requested from the Health Physics Division when needed.

2. Bioassays

Individuals involved in operations which utilize tritium in a form other

than a sealed source or metallic foil, in amounts greater than 10 millicuries,
will be requested to submit urine samples for analysis. The samples sub-
mitted should be taken 24 hours after a single experiment. For continuing
experiments, samples may be required at weekly intervals. Arrangements for
this service should be made through the Health Physics Division.

3. Thyroid Counts

Individuals working with iodine isotopes must have thyroid counts on a
frequency established by the Health Physics Division.

RADIOAZTIVE WASTE DISPOSAL

The United States Nuclear Regulatory Commission (NRC) requires that all licensees
maintain written records regarding disposal of radicactive waste material. In
order for the University to meet the legal requirements in the above matter,
individual Investigators are required to keep records. At quarterly intervals

a form will be sent to each Investigator in order to supply the Health Physics
Division with a summary of necessary information in the following categories:
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Name of isotopes

Methods of disposal

Activities (uCi or mCi of waste)
Special information as necessary

The Health Physics Division will compile the appropriate records from the infor-
mation supplied by the Investigators for NRC and/or State inspections. Each
authorized Investigator is responsible for the secure and safe storage of radio-
active waste generated. This generally means storage within the individual's
laboratory. In addition, shielding and containment of vapors must be considered
by the Investigator.

The following information should be helpful in fulfilling this responsibility and
outlines the current Health Physics Division's procedures:

Solid Dry Waste

Special waste receptacles are provided by the Health Physics Division to the
various departments utilizing radiocactive materials for the disposal of solid
dry waste. These receptacles are identified with the magenta and yellow radia-
tion symbol and the words, "Caution - Radiocactive Material".

1. Empty containers may be obtained by calling the Health Physics Division,
6-0067 (if no answer, call 6-2935).

2. The corrugated cardboard containers are for solid dry waste only. The
contents of these containers should not include liquid, animal tissue of any
kind, or items that require refrigeration. Care should be taken to keep con-
tainers dry and within the weight capacity of 65 pounds.

3. All syringes used with radioactive isotopes must be capped or the needle
removed by mechanical means before discarding them into the waste box.

4. Material must not be put into radiocactive waste collection containers if
there is any possibility of a chemical reaction during storage or shipment
that might cause the release of radiocactive gases, fire or explosion.
(Special care must be exercised in storing the radicactive waste containing
iodine isotopes prior to pick-up due o the volatile nature of iodine).

5. As the receptacle is being filled, records must be kept of the isotopes and
quantities being placed in the container.

6. All radiocactive waste receptacles must be kept in the laboratory, NOT in the
hall or other unsecured area. The presence of the receptacle within the
laboratory should not consistute a health hazard. If significant dose rates
are associated with the container, special arrangements should be made through
the Health Physics Division for recommendations concerning nroper shielding
or different methods for handling waste arranged.

7. Full containers may be removed by calling the Health Physics Division, (6-0067,
if no answer, call 6-2935) giving a two to three day notice. Scheduling for
pick=up necessitates advance notice; allowance must be made to anticipate
full containers (not overflowing) at the time of pick-up. Investigators are
reminded of their responsibility for safe and secure storage of the waste
until removed by the Health Physics Division. Each container should be

clearly marked indicating what the isotope(s) are and the amount of activity
before they are picked up by the Health Physics Division.
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The waste containers should not be filled to overflowing. The flaps on the
top of the container must be folded down and taped in accordance with regula-
tions set forth by the NRC and the Department of Transportation.

The solid dry vaste is prepared for shipment and sent to an outside vendor
to be buried. Due to the expense involved, everyone's cooperation is re-
quested it keeping the waste volume to a minimum by using the containers
for redicactive wvaste only.

Liquid Waste

1.

Soluble low-level liquid waste, disposed down the drain, must conform on a
University-wide basis, to the NRC regulations. This means limiting the
sevage disposal to less than 0.1 millicuries of soluble radiocactive material
per week, per authorized Investigator. Isotopes having relativeliy short
half-lives can be kept in the laboratory until such time that the activity
does not exceed 0.1 millicuries, and then disposed of down the drain. Infor-
mation on all waste disposed down the drain must be accurately recorded and
reported to the Health Physics Division on a quarterly basis.

Insoluble or high-level liquid waste must be neutralized (pH 6.5-7.5),
collected in inert polyvinyl chloride bottles and the Health Physics Division
notified. All iodine liquid waste should be made strongly alkaline. Contents
of polyvinyl chloride bottles should be liquid only, (no glass vials, ampoules
or paper). It is suggested that the bottles be stored in plastic dishpans or
metal trays lined with absorbent material to catch spillage or leakage.

To dispose of vials containing unused stock solutions of iodine, wrap the
vial in a 4" x 4" square of charcoal impregnated felt (obtained from Health
Physics Division) and place in the cylindrical plastic shipping container.
Place container in 30 gallon waste drum for disposal.

When it is not fe2asible to pour the contents of liquid scintillation vials
down the drain, then metal drums, containing absorbent material, will be
provided to collect the intast vials and contents.

Liquid waste from P-32 experiments shall be kept separate. If a large volume
of P-32 contaminated liquid waste is anticipated, contact the Health Physics

Division for a supply of containers to keep it separated from the other iso-
topes.

Lucite rather than lead should be used as the shielding for P-32 waste. 1If
additional shielding is needed use lucite on the inside of the shield and
lead on the outside.

Animal Carcasses and Associated Waste

1.

2.

Investigators authorized to use animals in their radioisotope research must
make adequate provisions for freezing the carcasses until picked up by the
Health Physics Division.

Bags containing animal carcasses and associated waste should be labeled with
isotope, date and quantity contained.

Excess or Unwanted Isotopes and Sources

Contact the Health Physics Division for disposal of unwanted isotopes or sources
and disposal will be arranged.
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Disposal of Radioactive Viruses

The following suggested disposal procedures were developed in cooperation with
the Yale Bio-hazard Committee and should be followed when radiocactive compounds
and infectious viruses are used together:

1.

All liquid preparations containing infectious viruses and radicactive com-
pounds shall be mixed with an appropriate agent such as laundry bleach, or
10 N NaOH to deactivate the virus, then neutralized before placing in the
radiocactive waste receptacle.

All solid waste contaminated with infectious viruses and radiocactive com-
pounds should be autoclaved before being placed in the radiocactive waste
disposal receptacles. Care should be taken that disposable glassware, etc.,
which might be radicactively contaminated on the outside do not touch the
walls of the autoclave.

In case of spills or accidents in the laboratory involving both infectious
viruses and radiocactive compounts, first deactivate the virus and then
notify the Health Physics Division and proceed with decontamination as if
only radiocactive.

If radiocactive waste is removed from the laboratory by unauthorized individuals
(namely, housekeeping personnel) please contact the Health Physics Division
(6-2935 or 6-2936) immediately.
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Appendix I.

YALE UNIVERSITY SAFETY POLICY

General Policy

For reasons of humane concern as well as operational efficiency, the University
must attend to the safety of its studeats, faculty and staff and to the pro-
tection of its buildings and the irreplaceable fruits of modern research or
ancient art they may contain. Therefore, without assuning legal obligations
beyond those imposed by law, the University having in mind the protection of
students, personnel and property from injury or loss due to accident, fire or
occupational hazard, now reaffirms the following policies and procedures.

University Safety Policy

The Dean of each fchool, the Master of each College, the Chairman of each Depart-
ment of Instruction, and the Director or Manager of each University administra-
tive unit, service department or ancillary academic facility, in addition to

his other duties, is responsible for the safety of the people and property

under his jurisdiction. 1In fulfilling this responsibility, he may delegate
authority to act to members of his faculty or staff; and he will receive
assistance from appropriate University organizations, such as the University

Fire Marshall, the University Police Department, the Safety Section of the

Emplcyee Relations Division, the Health Physics Division and the Envirommental
Health Section of University Health Services.

University Safetv Committee

University safety policy shall be the concern of the University Safety Committee
which shall be appointed by the Provost and report directly to the Provost,
Treasurer and Director of Operations of the University. This Committee shall
consist of one representative of each of the three officers together with the
University Police Chief, the University Fire Marshall, the Safety Section Manager
and a representative of University Health Services.

In addition to developing general University safety policy the Committee will
consider matters which are of general importance or which involve major ex-
penditures and will make recommendations concerning these to the University
Officers. When necessary, it will (1) coordinate safety activities in the
University, including the work of the professional safety committees and of
the area safety committees; (2) review actions and safety regulations formu-
lated by the professional fire safety and health officers and the professional
and area committees and (3) assist in promoting or enforcing these.
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PART 19 ¢« NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS; INSPECTIONS

and licenses for the protection of per-
sonne! from exposures to radiation or
radioactive materials occurring in such
sareas. shall be instructed of thelr re-
sponsibllity w report promptly to the li-
censee any condition which may lead to
or cause a violation of Commission regu-
lations and licenses Or UNNECessary ex-
posure to radiation or to radioactive ma-
terial . shall be instructed in the appro-
priste response to warnings made in the
event of any unusual occurrence or mal-
function that may involve exposure to
radistion or radioactive material. and
shall be advised as Lo the radiation ex-
posure reports which workers may re-
quest pursuant to § 18.13. The extent of
these instructions shall be commensur-
ate with potential radiological health
protection problems in the restricted
ares

§ 19.13 Notifications and reports 1o in.
dividuals.

(s) Radiation exposure data for an
individual. and the resulils of any mess-
urements, snalyses and calculations of
radioactive material deposited or re-
tained 1n the body of an individual shall
be reported to the individual as specified
o this section The information reported
shall include data and results obtained
pursuant to Commission regulations, or-
ders or license conditions, as shown In
records maintained by the licensee pur-
suant to Commission regulations. Each

W FR 22217

notification and report shall: be in writ- |
ing: includs appropriate identl!ying dnu.

such as the name of the licensee, me~
name of the individual the individual's .
social security number; include the indi- o
vidual's exposure information; and con- ®

tain the following statement:
Thas report s furnished to you under the prov

sions of the Nuclear Regulatory Commussion regu-

lation 10 CFR Part 19 You should preserve thus
report for further reference

(b) At the request of any worker each
licensee shall advise such worker annu-
ally of the worker's exposure to radiation
or radioactive material as shown in rec-
ords maintained by the licensee pursu-
ant to § 20401 () and (¢).

(¢) At the request of & worker former-
ly engaged in licensed activities con-
trolled by the licensee, each licensee shall
fumish to the worker a report of the
worker's exposure to radiation or radio-
sctive material Such report shall be fur-
nished within 30 days from the time the
request 1s made or within 30 days afler
the exposure of the individual has been
determined by the licensee whichever is
\ater . shall cover, withun the period of
time specified in the request each calen-
dar guarter in which the worker's ac-
tivities involved exposure to radiation
from radioactive msaterials licensed by
the Commission; and shall include the
dates and locations of Licensed actuvities
in which the worker participated during
this period

(d) When s licensee is required pur-
suant to § 20 405 or § 20 408 of this chap-
ter W report w the Commission any ex-
posure of an individual to radiation or
radioactive material the licensee shall
aiso provide the individual a report on
his exposure data included therein Such

April 30, 1976
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report shall be transmitted at s time
not later than the transmittal to the
Commuission.

§19. I4 Presence of representatives of
licensees and workers during inspec-
tions.

(a) Each licensee shall afford to the
Commission at all reasonable times op-
portunity W inspect materials, activities,
facilities, premises, and records pursu-
ant to the regulations in this chapter.

(b) During an inspection, Commission
inspectors may consult privately with
workers as specified in § 1615 The U-
censee Or licensee's representative Ay
accompany Commission inspectors dur-
ing other phases of an inspection

(¢) If, at the time of inspection, aAn
individual has been suthorized by the
workers o represent them during Com-
mission inspecticus, the licensee shall
notify the inspectors of such suthoriza-
tion and shall give the workers' repre-
sentative an opportunity to accompany
the inspectors during the inspection of
physical working conditions.

(d) Each worker:s' representative shall
be routineiy engaged in lcensed activi-
ties under control of the licensee and
shall have received instructions as spec-
ifled in § 1912

(e) Different representatives of U-
censees and workers may sccompany the
inspectors during different phases of an
inspection if there s no resulting inter-
ference with the conduct of the inspec-
tion. However, only one workers' repre-
sentative st & time may accompany the
™ inspectors.

(f) With the approval of the licensee
and the workers' representative an in-
dividual who is not routinely engaged
tn licensed activities under control of
the license, for example, s consultant
to the licensee or to the workers' repre-
sentative shall be afforded the oppor-
tunity to accompany Commission Lnspec-
tors during the inspection of physical
working conditions

(g’ Notwithstanding the other provi-
sions of this section. Commission inspec-
tors are authorized to refuse to permit
accompaniment by any individual who
deliberately interferes with s falr and
orderly inspection With regard Lo areas
containing information classified by an
agency of the US OCovernment in the
interest of national security, an individ-
ua! who accompanies an inspector may
have sccess to such informatico only if
suthorized to do so. With regard to any
ares containing proprietary informstion,
the workers' representative for thatl ares
shall be an individual previousiy author-
ized by the licensee Lo enter that area.

§19.15 Consultation with workers dur.
ing inspections.

(a) Commission inspectors may con-
sult privately with workers concerning
matters of occupational radiation protec-
tion and other matters related W ap-
plicable provisions of Commission regu-
Jations and licenses o Lthe extent the in-
speclors deem necessary for the conduct
of an effective and thorough inspection

(b! During the course of an inspection
Any worker may bring privately w the
attention of the inspectors. either orally

18-2
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or in writing. any past or present condi-
tion which he has reason o believe may
have contributed to or caused any vio-
lation of the act, the regulations in this
chapter, or license conditicn, or any un-
necessary exposure of an individual
radiauon from licensed radicactive ma-
terial under the licensee’s control. Any
such notice in writing shall comply with
the requirements of § 19.16(a),

(¢) The provisions of parsgraph (b)
of this section shall pot be interpreted as
suthorization to disregard instructions
pursuant to § 16.12.

£ 19.16 Requests by workers for inspec-
uons.

(a) Any worker or representa.ive of
workers who believes that s violation of
the Act, the regulations in this caapter,
or license conditions exists or has oc-
curred in license activities with regard o
radiclogical working conditions in which
the worker is engaged, may requesit an
inspection by giving notice of the alleged
violation 10 the Larector of Inspection and En-
forcement, to the Director of the appro-
priste Commission Regional Office, or &
Commission inspectors. Any such notice
shall be in writing, shall set forth the
specific grounds for the notice, and shall
be signed by the worker or representa-
tive of workers A copy shall be provided
the licensee by the Darector of Inspecnon and
Enforcement. Regonal Office Durector,
or the inspector no later than at the time
o! inspection except that upon the re-
quest of the worker giving such Dotice,
his pame and the name of individuals
referred to therein shall not &ppear in
such copy or on any record published,
released, or made avallable by the Com-
mission. except for good cause shown.

(b) 1f, upon receipt of such notice. the
Darector of Inspecnon and Enforcement or Re-
ponal Office Durector determunes that
the compiaint meets the requirements set
forth in paragraph (8) of tris section.
and that there are reasonable grounds
believe that the alleged violation exists
or has occurred, he shall cause an in-
spection to be made &s 500D &S pPractica-
ble. to determine if such alleged Violation
exists or has occurred. Inspections pur-
suant to this section need not be lmited
10 matters referred to in the complaint.

(¢) No licensee shall discharge or in
any manner discriminste against any
worker because such worker has flled any
complaint or instituted or caused to be
instituted any proceeding under the
regulations in this chapter or has testi-
fled or is about 10 testify in any such pro-
ceeding or because of the exercise by
such worker on behal! of himsel! or
others of any opuon afforded by Lhis
part.
§19.17 Inspections not warranted: in.

f review,

(a) If the Durector of Inspection and Enforce
ment or of the appropriate Repronal
Office determines with respect Lo & com-
plaint under § 1916 that an inspection
is not warranted because there are no
reasonable grounds o believe that & vio-
]Jation exists or has occurred. he shall no-
tify the complainant in writing of such
determination. The complainant mmay
obtain review of such determination by
submitting a written statement of posi-
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Appendix III.
UNITED STATES NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS
TITLE %. CHAPTER 1. CODE OF PEDERAL REQULATIONS — ENERGY

PART
20

STANDARDS FOR PROTECTION AGAINST RADIATION

stStTPsﬂONS AND ADDITIONAL REQUIRE
GENERAL PROVISIONS

20.50! Apphcations for exemptions - In this pari, make every
N o8 1] .
Sec 20.502 Additional requirements. m:‘ ::" “’. -“:h "w‘l“':
:glz ~=“ ENFORCEMENT materials in suentz W unrestricted
20.3 Definitions T Aress as lov as & ressonably achievable
2% o BE S 20.601  Violtions im ferm “ms ow as & ressonably
0 15 of mdwectinty » <
20.6 Interpretations Appendis A-|Reserved | ‘m means & W a8 B reason
20.7 Communications. Append: x in o and waier & SOLY achievable taking Into acoount the
sbowe natural background state of technology. and the economics of
PERMISSIBLF DOSFS. LEVFLS. AND Appendis C. fmprovements v relstion 0 benefits t
CONCENTRATIONS Appendix D-United States Nuchew Reoguls- the public heaith and siety, and other
tory Commamon Inspection snd En- societal and cociosconomic considers-
200! Exposure of nwnn:ni 1o radin- forcement Regionsl oS, -4 S B ot
on v resincie .1.“-A = Aum.l“ The "h Part 20 h- "u '“
. B TR T i s D 5 e i s
o X s % ¥
o “.’..'.‘:’.:..f'(..":t'.'...".:‘.‘..“’..":‘.‘:.‘.'.‘ " -,m;;-&l:, ’\‘Isc' :ou. 2093, uo's..:.m Iiao.z Scope.
. . or 1 of mc.
tolss gl mn AT o o T e LA §
Y . 401 \ . -~ | 1 g
i T R O ;.::‘:u.c'z’g.?.c” © transfer material licensed pursuant
o . o . - ‘.
e e e e B R e O R e . B
20.107 ac:..::l ‘uaom'na.c:nu: - §20.1 Purposc. sm m.; 10 operste & ’;Mm :
20108 requiring furnahing o . (a) The ) in this utilization eility pursuant to Part
i p—— =~ lah standards for protection against ra- | Of this chapter.
PRECAUTIONARY PROCEDURES = diation hazards arising out of activities
20200  Swrveys & under licenses issued by the Nuclear Reg- [ .J‘ ) “W“ hhu —
20.202  Personnel monitoring ulatory Commission and are issued pur- . A
20.203  Cawtwn s, Wbk, ugrak. and suant to the Atomic Energy Act of 1954, ‘“ﬂ)‘ ‘A:‘"ru ‘:0)‘-.‘ -‘:
20.304 b::.":- ons. as amended. and the Energy Reorganisa- amendments w““: neluding
TRTED O e R 2D, S Hon Act of 1074 (3) “Alrborne redicactive material”
rucion of penonne means any radicactive material dispersed
B B Y & () The use of radicactive material or In the form of dusts, fumes
20.207  Storage .:c':.:ml dm‘ of redist 2ot 1 A I the alr - -'I b '
WASTE DISPOSAL by the Commission & not subject to the | ™03} TP ERE
: regulations tn this part. However, t & redioactive material (exoept special Du-
20000  Sututul copuitemont. of the purpose of the regulations i this + g -
e g e AT 1o oantrel the posmion e, and | ekt BaVTA) Vided 15 ot made -
20.30) mynmnm-nmn imﬂ‘um.mb tneident to the process of producing or
sewarage Systems o Ssnase In such & manner that exposure utllizing special Duclear BRaterial:
RISy e « to such materia) and o radiation from b
20.305  Treatment or dasposal by momers- £ such material. when added to — - .
. to unlicenssd redicactive material and | ghan 13 consscutive wesks ROT mOre han
RECORDS. REPORTS, AND NOTIFICATION | to other -|~‘=~ o mm 14 consecutive weska The frst .“.f
T UEED & PR Spuass - Mummmin‘mmm calendar quarters
30402  Neperis O thent o foes of Sesened sandards of rediation protection Bre- § mmal be ot that 2o da7 @ Icluded 2
fevisl wriper regulations o this part. g more than onlandar guarter
20403 Motifcations of messens * amitted from .nclusion WitLin & ealendar
20.404 | Reverved thmm_-- quarter. No lownsse shall change the
B e Jovels and cumeentistions. o Hons of the Pecersl Radiation Councll. | method cheerved by him of i
’ Reserved | approved by the President Parsans @0- | oalendar quarters except st Whe beginning
3333 me' cxposure and moniormg i :‘:- activities under Ucenses Wsued | of s calendar year.
reports Muciesr Regulaiory Commission
-
o et it e Bty M. | L) “Commamon” s he Nt Rog
20.40% M‘z::'w and reports 10 Ind- 1 organimtion Act of 1974 abould o ad- m‘ or s duly
wiwmis dition % eomplying with the regquire-
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PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

8 “"Oove » v
executive deml ":‘nt..emu mlem:m‘dtzgweuh. one-twentieth o©of one percent
pendent establshment, corporstiop, ¢ °03'¢' ©f more of @ uianium. b tho-
shalls or - - by pred cmn«i:"m tr ¢ any combination thereo!
- - PArLly own e « Source mater:a! does not include special

tates of Americs which 3 an lostru ~ nuclear material
mentality of the United States, or An::_

(18) “Special nuclear material” means

;u-e bureau, division, service, office,
cer. author.ty, sdministration, or
other establshment in the executive| () plutonium, uranium 3233, uranium
branch of the Qovernment; < emriched i Lhe isotope 233 or in the iso-
(7) “Individua!” means any hummgg Eeth “o? other m which
being . Commuiss! Pursuan provi-
(8 "Licensed material means iO‘JfCQE sions of section 51 of the act determines
material specisl nuclear maler.al or oy-!:"’ be special puclear material, but does
product materisl received possessed, DOt inciude source material: or (1 any
used or transferred under & general or| Dsterial artificialy eariched by any of
specific license issued by the Commission| 'De foregoing but does not include source

oursuant tw the regulalions In this

chapter, ' o o -

(9) “License” means a license issuedy 17’ “Unrestricled ares” means any
under the regulations i Part 30, 40 org N "" which u;t!eonmnuzbz
70 of this chapter ‘“Licensee” means: :‘2‘ ?;':: ,‘” st "?':m.n:n
the hoider of such license. e S B

(10 “Occupational dose” includes ex- € 2 o ‘ ks

1 used for residential quarters
posure of an Individual 1o radiation (i) ke
In & restricted ares. or ‘i) In the course g™ =
of employment in which the individual's® (18 “Administration” means the En-
duties inveive exposure W radiation: o ¢rgy Research and Development Admin-
provided. that
not be deemec W include any exposure
of an individual (o radistion for the pur-
pose of medical diagnosis or medical

g

e

sentatives

(11) “Person” means ({) any indi-
idual, corporation, partnership. firm
association, trust estate public or pri-
vate Institution. group, Government
sgency other than the Commission or the
Administration ‘except that the Admin-
istration shall be considered a person
within the meaning of the regulations in
this part to the extent that its facilities
and activities are subject to the licensing
and related regulatory suthority of the
Commission pursuant to section 202 of
the Energy Reorganization Act of 1974
(88 Stat 1244, any State any foreign
government or nation or any political
subdivision of any such government or
and ‘u

(8) “Dose.” a8 used In this part, is the
quantity of radiation absorbed, per unit

ulations Lo this part, any of the follow-
ing is considered 1o be equivalent to a
dose of one rem:

(1) A dose of 1 rdue to X~ or gumma
mdiatian;

(2) A dose of | rad due to X—, gumma,
or beta radiation;

R 1094

occupational dose shall & istration or its duly authorized repre-.

25

nation. or other entity any ‘
legal successor. representative. agent, or :'nwm wzn“m“mbm' ‘:uwn I.h:
agency of the foregoing é’ time, the dose means the tota! guantity
(12) “Radiation” means any or all of _ :; the u:, ar by J&wd the
the following alphs rays beta rays.o pogy during such period of time. Several
3 famma rays. X-rays. peutrons. high- @ giferent units of dose are In current nse.
£ speed electrons. high-speec protons. a2d ' Desnitions of units as used m this part
@ Other stomic particles: but not sound | oo et torth tn paragraphs (b) and (¢)
« Or radio waves or visible, infrared or of this seetion.
I} WEhmS Neie (b) The rad, as used i this part i &
(13 "Radioactive material” inciudes :‘m“d jonixing radi- p-
any such material whether or ot subjsc: | easure red o £
to licensing control by the Commission, | SHOD to body timues n terms of the -
energy abscrbed per unit mass of the ©
(A4 “Wastricted area” means any tissuse.  One rad is the dose correspond- o
s aiea socess Lo which is controlied by the ing to the absorption of 100 ergs per gram
§ lor":u_p-- of v:n-eﬂm of ::‘u-u (One millirad (mrad) =001
p exposure radiation )
;ul.mnm (e) The remn, a3 used in this part W
o ::-:mun:‘umn u.:uh sepa .m “hm“ m- m.-
£ rate room or ru-..mnr‘;nm M':W‘:nhcnib..
Lunmum:umumu-m Gose of one roentgen (r) of X-rays. (One
ares (mrem) =0.001 rem.) The rels-
tion of the rem to other dose units de-
15 ‘Bource materisl” means (1) m.l under
uranium ovu thorium or any combina- m&&ma‘m¢
tion thereo! in any physical! or chemical of the .
form or (U ecres which contain by Ursdistion. Por the purpass re
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to one rem may be estimated from the
following tabk
Nyveaow Ficx Doss EQUTYaLEF™
et | A
| squmre oen | Geliver ¥B
Neutroo eneryy Mevy) | Umeter | milbex &
e | squivaant | @ bours
‘uv'-:-‘o”;-('n...
| wenaem” |
ﬂxl" v
X | b3
X0 m
*0x 00 | >
10X 100 o
Qx| =
lx'. i
=X x
=®x100 | 1»
M um 1”7
o | 1
Ml.‘ »

integrations per unit time or In curies.

One ¢ =37x10" disintegrations per
second (dpe) =22x10 disintegrations
per minute (dpm’ Commonly used sub-

multipies of the curie are the millicurie
and the microcurie:

(1) Omne millicurie (mCl) '=0.001 curie
(C1) '=3.7x10" dpe.

(2) Ome microcurie (WO '=0.000001
curie=3.Tx10" dps.



PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

(o) [Deleted 40 FR S0704.)
(c) |Deletad 39 FR 23990,

§ 20.6 Intcrpretations.

¥ Except as specifically authorized by
£ the Commiasion in writing . no interpreia-
= tion of the meaning of the regulations in
@ this part by any officer or employee of
“ the Commission other than a written in-
£ terpretation by the General Co:2sel will

section, provided | Codumni | Cebumn 2
(1) During any calendar quarter the Ammmed | Amumed
dose to the whole body from radioactive = I wposure | exposurs
material and other sources of radistion § ol e | W
xnt.heueenne'smnhnnnotu-; | quertenn | quarien
ceed 3 rems. and £ | B i [
(2 mmwmvwem,-mn { | Jan 1, 1981
added 0 the accumulated occupational !
dese to the whole body, shall not exceed | whow bty pads ' » h
$ (N-18) rems where “N™ equals the in- setive sy | !
dividual's age in years at his st burth. = ere ‘

day and
(3) The licensee has determined the -
individual's sccumulated occupational T  (2) The licensee shall retain and pre-
dose to the whole body on Form NRC4, or = serve records used in preparing Form
on @ cleas and record contamn- & NRC untll the Conumission authorizes
ing all the information required in that = their disposition.
form. and has otherwise complied with w
the recuirements of § 20102 As used In calculation of the individual's ac-
paragraph (b), “Dose to the whole body” ® cumulated occupstional dose for all
shall be deemed t0 include any dose 1o @ periods prior to January 1. 1961 yields
the whole body, gonads active blood- = & result higher than the applicable ac-
forming organs, head and trunk, or lens € cumulated dose value for the individua)
of eve. nuumznu a5 specified In paragraph

§20.102 Determination of secumulated ;' (D) Of § 30.101, the excess may be disre-
dese. garded.

L

[7690.103  Expesure of individusis 1o con-
centrations of radiocactive materials

F

(a) This section contains require-
ments which must be satisfied by

40FRAB774

25 FR 1094,

—

o

be recognized tw be binding upon the
Commission

§ 20.7 Communications.

Except where otherwise specified in o
this part. all communications and re-
ports concerning the regulations in this
part should be addressed to the Execu- &
tive Director for Operations. U8 Nu-
clear Regulatory Commission. w.smxu-g
ton, DC. 20555 Communications re-
ports, and applications may be del!ivered
in person at the Commission's cfMices at
1717 H Street NW_ Washington, DC ; or
at 7920 Norfolk Avenue, Bethesda Mary-
land
" Pemsssses Dosss. Leves e

Co »CEsrvae TvOms
§ 20101 Exposure of individuals to re-
diation in restricted aress.

(a) Except as provided in paragraph
‘b’ of this section, no licensee shall
possess. use or transfer licensed mate-
ial in such a manner as Lo cause any
adividual in a restricted area to receive
ir any period of one calendar quarter
from radioactive material and other
sources of radiation in the Lcensee's pos-
session & dose in excess of the lmits
specified in the following table

Rems per calendar quarter
1 Whols body head and trunk. sctive
blood-forming organs. lens of

eyes. Or QODAAS. .. .. covirnnnnnan 1%
4 Hands anc forearma feet and

[ O ——" 18%
$ Bkin of whole bOdY. ...oovvvvnnnnn %

b) A licensee may permit an indi-
vidua! In a restricted area L receive a
dose w0 the whole body greater than that
permitied under paragraph (a) of this

| r——r. et o —
** Aamended Jo FR 1488

licensees wWho Propose, pursuant Lo para-
graph (b) of § 20.101, to permit individ-
uals in a restricted ares to receive ex-
posure to radiation in excess of the limits
specified in paragraph (a) of § 20.101
(b) Before permitting any individual
in a restricted ares to receive exposure
to radiation in excess of the Umits spec-

“ ified in paragraph (a) of § 20.10], each

licensee shall
on » cless and legble record

in air in restricied areas.

(8) (1) No licensee shall possess. use,
or transfer licensed material in such a
manner as to permit any individual in a
restricted ares to inhale a quantity of
radioactive material in any period of
one calendar quarter greater than the

(1) Obtain a certificate on Form NRC+4, or :mummw = gt iz B

quantity which would result from inhs-
lation for 40 hours per week for 13 v eeks
&t uniform concentrations of radioartive

containing all the information required & 18ble I Column 1'*" If the radiosctive

1 e ind!vidual =
in that form. signed by th ¥ absorption through the skin is ltkely. tn-

showing each period of time after the
individual attained the age of 18 in which
the individual receivad an occupational
dose of radiation ; and
(2) Calculate on Form NRC< in sccord

ance with the mstructions appess-

ing therein or on a clesr and legible
record contalning all the information
required in that form. the previously ac-
cumulate. occupational dose recelved by
the individua! and the sdditional dose

sllowed for that individual under
$20101(b). :

(cX1) In the prepanstion of Form NRC4,
or ¢ chess and legible record con
taining all the information required in
that form, the licensee chall make u rea-

reports of the individual's occu-
pational dose for a previous complete
calendar guarter. it shall be sssumed
that the Individual has received the oc-
cupational dose specified In whichever
of the following columns apply

>

material is of such form that intake by

dividual exposures to radioactive mate-
rial shall be controlled so that the up-
take of radioactive material by any or-
§an from either inhalation or sbsorption
or both routes of intake ** in any calen-
dar quarter does not exceed that which
would result from inhaling such redio-
Actve material for 40 hours per week for
13 weeks at uniform concentrations spec-
ifled in Appendix B, Table I, Column 1.

(2) No lcensee shall possess, use or
transfer mixtures of U-234, U-235, and

' #ince the concentration specified for trit-
lwa oxide vapor assumes squal intakes by
Skio abeorption and inhalation, the wtal
intakes permitted W twice that which would
:\m from inhalstion alone at the concen-

tion specified for E 3 8 1o Appendix B.
Table 1. Coium ™ | for 40 bours per week for
1% weeks

‘Por  radioactive materials designated
“Sub’ in the “Isotope” Column of the table
the concentration walue specified is based
UPOD eXposure to the material a2 an external
mdiation source Individual exposures to
Lhese materials mav be accounted for s part
of the limiwtior on individual dose In
1 2010! These materials shall be subject to
the precautionary procedures required by
i 108(B) (1)

Muiltipis * the concentration values speci-
fied in Appendis B. Table I ecolumn ! by
63 x 10° m! to obtaln the quarterly quantity
tmit
Footnotes 4 and § on page 204

*Amended 42 FR 20138

April 28 1977
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U-238 in soluble form in such a manner
as W permit any ingdividual in a restricted
Ares Lo innaie a quantity of such material
in excess of the intake umils specified in
Appendix B. Tadle I Column ! of this
part 1 ruch soiuble uranium is of a form
SUCh thal absorpuorn tarough the skin is
lkely. Ingividual exposures to such ma-
lerial shall e controliec so tha! the up-
lake of such material by any organ from
either innalation or absorption or both
routes of intake ' does not exceed tha:
whnich would reswt from inhaling such
material at the limits specified in Ap-
pendix B. Table I. Column ] and footnote
4 therew

3+ For purposes of determining com-
pliance with tne requirements of this sec-
tion the licensee shall use suitabie meas-
urements of concentrations of radioac-
Live materiais in air for Qeteciing and
evalualing airborne radicactivity 1in re-
strictec areas and in addition. as eppro-
priate shall use measurements of radio-
AcUVIty in the body. measurements of
racioactivity excreted {rom the body. or
any combination of such measurements
&5 May be necessary for timely gdetection
and assessment of individual intakes of
radioactivity by exposed individuals It

procedures. such as increase¢ survei-
lance limitation of working times, Or
provisior of respiratory protective equip-
ment shall be used¢ o maintain intake
of radioactive material by any individ-
ual within any perio¢ of seven consec-
utive days as far below that intake of
radioactive material which would resut
from inhalstion of such material for 40
hours at the uniform concentrations
specified in Appendix B. Table ! Coi-
umn 1 as is reasonably achievable

terial by any individual exceeds this 40-
hour control measure. the licensee shall
make such evaluations and take such
actions as are necessarny W assure
against recurrence The licensee shall
maintain records of such occurrences
evaluations and actions taken in & clear
and readily identifiable form suitable
for summary review and evaluation

‘¢  When respiratory protective
equipment is used to limit the inhaia-
tion of airborne radioactive material
pursuant to paragraph (b'/2: of this
section. the licensee may make allow-

sures of individuals to such materials
provided that such eguipment is used

i5 assumed tha! an individua! inhales
radioactive material at the airborne con-
centration in which he is present uniess
he uses respiratory prot
pursuant Lo paragraph

terial i1s necessary intakes less than those
which would result from inhalation for
2 hours in any one dav or for 10 hours
in any one week at uniform concentra-
tions specified in Appendix B. Table I
Column | nee¢ not be included in such
assessment provided that for any assess-
ment In excess of these amounts the en-
Ure amount is included

‘b1 (1" The licensee shall as a precau-
tonary procedure use process or other
engineering controls to the extent prac-
ticable to limit concentrations of radio-
active materiais in air o levels below
those which delimit an airborne radio-
activity area as defined in § 20203/¢) (1!
‘i

‘2) When it is impracticable to apply
process or other engineering controils to
lmit concentrations of radioactive ma-
terial in air below those defined In
£20203:¢" 1)1, other precautionary

———

‘Significant intake by ingestion or injec-
tion s presumed to occur onlv as a result of
circumstances such as accident Inadvertence
DoOT procedure or similar special conditions
Such Intakes mus! De evaiuated and ac-
counted for by techniques and procedures as

tive equipment &
¢! of this sec- <
tion When assessment of a particular

Individual's intake of radioactive ma- ¥

as stipulated in Regulatory Guide 815
“Acceptable Programs for Respiratory
Protection " *

'd Notwithstanding the provisions of
paragraphs ‘b’ and ‘¢’ of this section.
the Commussion may impose further
restrictions

‘1" On the extent to which & licensee
may make ailowance for use of respira-
tors in lieu of provision of process. con-
tainment ventilation. or other engineer-
ing controls if application of such con-
trols is found to be practicabie. and

2" As might be necessary to assure
that the respiratory protective program
of the licensee is adequate n Limiting
exposures of personne! Lo airborne ra-
dioactive materials

‘e’ The licensee shall notify, in writ.
ing the Director of the appropriate Nu-
clear Regulatory Commission Inspection
and Enforcement Regiona! Office listed
in Appendix D at Jeast 30 days before the
date that respiratory protective equip-
ment is first used under ti.e provisions
o! this section

{ A licensee who was authorized to
make allowance for use of respiratory
protective ecuipment prior to Decem-
ber 28 1976 sh:li bring his respira-
tory protective program into conform-
ance with the requirements of para-
graph (¢’ of this section within one
yenr of that date. and is exempt from
the requirement of paragraph (e of

May be appropriate to the circumstances of
the occurrence Exposures so evaluated shall
be Incluged In determining whether the
limitation or individua’ exposures In § 20 -
1038 1 nas been excesded

‘Regulatory guidance on assesemen: of
Ingividua! Intakes of radioactive material is
wiver in Regulstory Guide 89 “Acceptable
Conre~ts Mogels Ecustions and Assump-
tans for & Bloastar Program ~ single coples
of which are avaliable from the Office of
Standerds Development TS Nuclear Regu-
Ilstory Commission. Washington DC 20858
upon writien request

Dacember 31, 1976

uhll section

*This incorvoration DY reference provi.

era! Register on October 18 1976 Single
copies of Regulatory Guide B 15 are avallabie
from the Office of Standards Develo~ment
US Nuclear Rerulatory Commiasion Waah -
ington. DC 30885 upon written request
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Whenever the intake of radicactive ma- w

ance for such use in estIMAaling expo- o

P
= §20.106

sion was soproved by the Director of the Ped- 3

20,101 Exposure of minors.

‘8’ No licensee shall possess use or
transfer licensed material in such a
manner as to cause any individual within
& restricted area who is under 18 vears
of age. to receive in any period of one
calendar quarte: from radioactive ma-
terial anc other sources of radiation in
= the licensee s possession a dose in excess
8of 10 percent of the limits specified in
*the table in paragraph ‘a) of § 20101
(b) No licensee shall possess use or
ntnm!er licensed material in such »

manner as !0 cause any individual
wilhin a restricted area. who is urder 18
years of age to be exposed Lo airborne
radioactive materia. possessed by the
licensee in an average concentration in
excess of the limits specified ir. Appendix
B Table II of this part For purposes
of this paragraph concentraticns may
be averaged over periods not greater
[ than a week

[T (¢ The provisions of #3420 1036 2)
and 20.103/c' shall apply to expasures
subject to paragraph (b of this section
wexcept that the references in 4§ 20103
€02 and 20103'¢c' to Appendix B
= Table I Column 1 shall be deemed to be
'Ln!cnnm o Appendix B, Table II, Col-
umn 1

[T 20.105  Permissible levels of radiation
in unrestricied areas.

(a' There may be included :n any ap-
plication for a license or for amendment
of a license proposed Limits upon levels
of radiation in unrestricied areas result-
ing from the applicant's possession or
use of radicactive materia! and other
sources of radiation Such applications
fhould include information as to antici-
paled average radiation levels and an-
ticipated occupancy times for each
unrestricted area involve¢ The Com-
mission will approve the proposed limits
if the applicant demonstrates that the
proposec Limits are not lkely to cause
any individual to receive s dose to the
whole body in any period of one calendar

by

@ year in excess of 0.5 rem
-

ﬂmxmon pursuant to paragraph ‘a) of

(b) Except as authorized by the Com-

this section no licensee shal. possess, use
or transfer licensed material in such &
menner as to create in any unrestricted
area from radicactive material and other
sources of radiation in his possession:

‘1) Radiation levels which. if an indi-
vidua! were continuously present in the
area could result in his receiving a dose
in excess of two millirems in any one
hour. or

12" Radiation leveis which if an indi-
vidua! were continuously present in the
area. coula result :n his receiving a dose
in excess of 100 millirems in any seven
_con.ltcuuw days

ME’.‘-
areas.

-

e ‘&) A lcenser shall not possess use.
w Or L nafer Dopnsed material 4o &4 W
£ lesse Lo an uorestricted ares
| matarial io concentrations which

?

i
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individual's exposure w concentrations
of radioactive material. the Comumission
may incorporat~ appropriate provisions
‘n any license directing the licensee to
make avallale to the individual appro-
priate bio-assay services and to furnish
& copy Of the reports ~* such services to
the Commission

PrecavrioNany Procrounes

§20.201 Surveys.

(R) As used in the regulations in this
part, “surves means an evaluation of
the radiation hazards incident to the pro-
duction, use reiease disposal. or pres-
ence of radioactive materials or other
sources of radiation under a specific set
of conditions When appropriate, such
evaluation includes a physical survey of
the location of ms'erials and equipment.
and measurements of ievels of radiation
or concentrations of radioactive material
present

(b) Each licensee shall make or cause
to be made such surveys as may be neces-
sary for him to comply with the regula-
tions in this part.

§ 20.202 “ersonne! moniioring.

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

(1) Each individua! who enters & re-
stricted ares under such circumstances
that he receives or is likely to receive.
& dose in any calendar quarter 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 a dose in any calen-
dar quarter in excess of 5 percent of
the applicable value specified in para-
graph a) of § 20.101

(3' Each individual who enters & high
radlation ares

(b) As used in this part,

(1) "Personne! monitoring equipment”
means devices designed to be worn or
carried by an individual for the purpose
of measuring the dose received (e '8
film badges. pocket chambers, pocket
dosimeters, fllm rings, etc.):

(2) “Radiation ares” means any area, | *Ords CATTION !
accessible to personnel, in which there RADIA AREA
exists radistion, originating in whole or ke — —

P

in part within licensed material, at such
levels that & major portion of the body
could receive in any one hour a dose in
excess of 5 millirem or in any 5 con-
secutive days & dose in excess of 100
millirems

(3) “High radiation ares” means any =
ares. accessible to personnel, in which 2
there exists radistion originating in =
whole or in part within licensed mate- =
rial at such levels that & major portion 8
of the body could receive in any one hour
& dose in excess of 100 millirem.

g
b .
§ 20.203 Caution labe i
< Sdsanuety T e, sl
bt

[~ (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 back-
ground). The symbol prescribed by this
section is the conventional three-bladed
deaign:

Radurion STMsoOL
1 Cross-hatched area b %0 be magenta or

35 FR 5033

(2) Ip addition to the contents of signs
and labels prescribed in this section, U~
censees may provide on or near such
signs and labels any additional informs-
tion which may be appropriate in alding
Individuals to minimize exposure to radi-
ation or to radioactive material

(b) Radiation grecs. Each radiation
ares shall be conspicuously posted with
& BigM or signs bearing the radiation cau-
tion symbol and the words:

CAUTION !
RADIATION AREA

(¢) High radiation areas. (1) Each
high radiation srea shall be conspicu-
ously posted with & sign or signs bearing
the radiation caution symbol! and the

(2) Each entrsnce or access soint to
8 high radiation ares si:all be:

(1) Equipped with a control device
which shall cause the level of radiation
to be reduced below that at which an
individual might receive a dose of 100
millirems in 1 hour upon entry into the
ares. or

(1) Equipped with a control device
which shall energize a conspicuous vis-
ibie or audible alarm signal in such &
manner that the individual entering the
high radiation ares and the licensee or

& supervisor of the activity are made -

aware of the entry. or

(i) Maintained locked except during B

periods when access to the area ls re-

Or Sunger

quired with positive control over each
individual entry.

(3) The controls required by subpars-
graph (2) of this paragrapb shall be
estabiished in such & way that no indi-
vidua! will be prevented from leaving &
high radiation ares.

(4) In the case of & high radiation
ares established for & period of 30 days
or less, direct survelllance to prevent un-
authorized entry may be substituted for
the controls required by subpamgraph
(2) of this paragraph.

(5) Any licensee, or appiicant for &
license, may apply to the Commission
for approval of methods not included in
subparagraphs (2) and (4) of this pars-
graph for controlling access to high radi-
ation areas. The Commission wili
approve the proposed alternatives if the
licensee or applicant demonstrates that
the alternative methods of control will
prevent unauthorized entry into s high
radiation ares, and that the requirement
of subparagraph (3) of this paragraph is
met.

e

[~ (d) Airborne radioactivity areas. (1)

As used in the regulations in this part,
“airborne radioactivity area” means (1)
any room, enclosure, or operating ares
in which airborne radioactive materials,
composed wholly or partly of licensed
material, exist in concentrations in ex-
cess of the amounts rpecified in Appen-
dix B, Table I, Column 1 of this part; or
(i) any room, enclosure, or operating
ares {o which airborne radioactive mate-
rial composed wholly or partly of licensed
materia) exists in concentrations which,
averaged over the number of hours in
any week during which individuals are
in the area, exceed 25 percent of the
amounts specified in Appendix B, Table I
Column 1 of this part.

(2) Each airborne radioactivity ares
shall be conspicuously posted with a sign
or signs bearing the radiation caution
symbo! and the words:

CAUTION®
AIRBORNE RADIOACTIVITY AREBA

(e) Additional requirements. (1) Each
ares or room in which licensed material
is used or stored and which contains any
radioactive material (other than natursl
uranium or thorium) in an amount ex-
ceeding 10 times the gquantity of such
material specified in Apperdix C of this
part shall be conspicuously posted with
a Sign or signs bearing the radiation
caution symbo) and the words:

CAUTION ¢
RADIOACTIVE MATERIAL(S)

(2) Each ares or room in which nat-
ural uranium or thorium is used or
stored in an amount exceeding one-
hundred times the quantity specified in
Appendix C of this part shall be con-
spicuously posted with & sign or signs
bearing the radiation csution symbol
and the words:

CAUTION !
RADIOACTIVE MATERIAL(S:
(1) Containers (1) Except as pro-

vided in subparagraph (2) af this para-
graph. esch container of licensed mate-

April 30, 1975




Appendix ITI. (continued)

PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

rial aball bear & durable clearly viible
abe. Menlllying e mdicacuy: con-
ents

(2) A label required pursuant to sub-
parsgTaph
bear the radiation eaution mymbol and
the words “CAUTION, RADIOACTIVE
MATERIAL” or "DANGER. RADIOAC-
TIVE MATERIAL" 1t gshall alao provide
sufficient information’' W permit in-
dividuals handlng or using the can-
tainers, or working in the vicinity there-
of o take precautions L avoid or mini-
mize exposures

(3) Notwithstanding the provigions of
subparsgraph (1) of is parsgraph
labeling s not required

(1) Por contalners that do not con-
taln lcensed materials In gquantitles
greater than the applicable guantities
listed in Appendix C of this part

(4) Por contalners containing only
natural uranium or thortum in quantities
no greater than 10 times the applicable
Quantities lsted In Appendix C of this
part

(1) Por contalners that do not can-
taln lcensed materials in concentrations
greaier than the applicable concentra-
tons lsted in Column 2, Table I, Ap-
pendix B of thus part

(1v) Por containers when they are at-
tended by an Individual who takes the
precaulics necessary o prevent the
exposure of any individual to radiation or
radioactive materials in excess of the
lmiwu established by the regulations in
this part

(v For containers when they are in
transport and packaged and labeled in
accordance with regulations of the o
Department of Transportation .

(vi) Por containers which are acces-
sible ' only to individuals authorized w
bandie or use them, or W work in the
vicinity thereo! provided that the con-
tenis are identified to such individuals
DY & readily avallable written record

(vil) For manufacturing or process
equipment. such as nuclear reactors. re-

ACLor components, piping. and tanks
~—

20204

rs
Notwithswanding

§ 20203

(a) A roomm or area s not required to
be posted with & caution sign because of
the presence of a sealed source provided
the radiation leve! twelve inches from
the surface of the source container or
housing does not exceed five millirem
per hour

Seme evceplions

the provisions of

75 FR 094

(b' Rooms or other areas in hospitals
Are nol required Lo be posted with cau
Uon signs. and control of entrance or
access therelo pursuant o § 202031¢) 1s
not required. because of the presence o!f

e ——

As appropriate he Information will o.
Cludes radialuion levels Rinds O material e
timate of acUvity date for which activity @
sslimated mas enrichment el

'Por examp'e containens Lo locations such
S water-flied canAls storage vauliu or hot
ceiis

Amended M IR 1954

April 29 1976

(1) of this parsgraph shall

palents contalning byproduct material
= Provided Lhat Lhere are personne. io at-
3 tendance who will take the precautions
DecessAry 0 prevent (he exposure of any
« individual 0 mdation or radiosctive
R material in excess of the Umits estab-
Lummmmmnummmupsn

(¢) Cautior signs are not required &
be posted al aress or rooms contalning
radiocactive materials for periods of lew
than eight hours provided that (1) the
materials are constantly atiended during
such periods by an individual who shal
take the precaulions Decessary o pre-

y, vent the exposure of any indindual W

radiation or radioactive materials in ex

ecess of the LUmits established In the regu-
(2) puch ares or
room i3 subject to the licensee s control

lations in this part and

(d) A room or other ares i Dot re-
quired W be posted with & caution sign
and control i not required for esch en-

§ trance or access point to & room or other
z e which s & Righ radiation ares solely
« because of the presence of radicactive
£ materials prepared for tramsport and
packaged and labeled in accordance with
regulations of the Department of
Transporiation

-—

r-ﬁ 20.205 Procedures for picking up, re-
eeiving. and opening pechages.

(a) (1) Each licensee who expecs 0
receive & package contalning quantities
of radioaclive material In excess of the
Type A quantities specified in paragraph
(b) of this section shall

(1) 1f the package & to be delivered
to the licensee’s facility by the carrier,
make arTangements o receive the pack-
age when it s offered for delivery by the
carrier: or

(1) If the package is 1o be picked up
by the licensee at the carrier’s terminal
make arrangements to receive notifica-
tion from the carrier of the arrtval of the
package. at the Ume of armival

(2) Each licensee who picks wp &
package of madioactive material from »
carrier's terminal ahall pick up the pack-
age expeditiously upan receipt of notifi-
cation from the carrier of its arrival.

(b) (1) Each Lcensee upon receipt of
& package of mdiosctive material aball
monitor the external surfaces of the
package for rsdioactive contamination
caused by leakage of the radioactive con-
tents, except

(1) Packages containing no more than
the exempt gquantity specified in the
table In this paragrapl

(1}) Packages contalning Do mere
than 10 millicuries of radioactive mate-
rial consisting solely of trmuum, carbon-
14. sulfur-35 or jodine-125

(141 Packages containing only radio-
sctive material &3 gases or in special
form

(1v) Packages containing only radio-
active material in other than lguid form
tnciuding Mo-99 Te-99m  generalors)
and not exceeding the Type A guantity
lumit specified In the table In trus pars-
graph . and

v’ Packages containing only mdio-

N FR 11972

nuclides with hall-lives of less than 30

days and s total QuAntty of Do more
an 160 millicuries

The monitoring shall be perfarmed as
Soon &s practicable after receipt but po
Jater than three hours alter the pack.
gt L redeived &t the licensee's facility
& reczived during the lcensee's normal
working hours, or elghteen hours i re-
ceived alfter normal working hours

(2) I removahle radicactive contami-
nation In excess of 00! microcuries
(32,000 distntegrations per minute) per
100 square centimeters of package sur-
face is found on the external surfsces of
ately notlly the final delivering carrier
and, by tedephone and tetegraph, masgram, or
acumile.t the spproprate Nuciear Regulatony
Commumon Inspection and Enforcement Re

ponal Office shown in Appendix D
Taxiz or Exzxrr awp TYre A QUawrrras

Exemp*
Quasuy amit
U BTN

Type A
quanuty hmit
UD e

Transper: groop

0!

PR ettt

piénw-pp

(¢) (1) Each licensee, upon receipt of &
package containing quantives of radio-
y Sctive material in excess of the Type A
quantities specified in paragraph (b) of
thir section, other than those transported
by exclusive use wvehicle shall monitor
Whe radiation jevels external O the pack-
age The package shall be monitored as
soan Ar practicabdie alter receipt, butl mo
later than three hours after the packag®
s received at the licensees faclity U
received during the licensee’s normal
working bours or 18 hours If received
After normal working hours
(2) If 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
the licensee
shall immediately noti!y by telephone
* anc telegraph. mailgram. or facsimile
€ the director of the appropriate NRC Re-
* gwonal Office lListed in Appendix D. and
w _the final delivering carrier
£ (d) Each lcensee shall establish and
maintalin procedures for safely opening
E packages in which licensed material is
g Teceived and shall assure that such pro-
« Cedures are foliowed and that due con-
sideratian s given o special Instructions
for the Lype of package being opened

-

§ 20.206 Instruction of pemonnel

Instructions required for individuals
working in or frequenting any pertion of
& restricled ares are specified in § 1812
& of this chapter
e

R 77?70] r »

————————
” e \ran
o Ty ol o b

tAmended 41 | R 16445
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§ 20207 Sorepe and eouhd? of Merased
maloris m Uarestrcked sress.

(a) Lirensed materials stored I an
unrestricted area shall be secured frem
unauthorized removal {rom the piace of
3
Licensed materials In an unre-

stricied aresa and not in storsge shall be

tended under the constant survelliance
L_u-: immediste contyol Qf e Mceensee.

p—

-

(s
o

Wasts Drsrosal
§ 20.30] Ceneral requirement.
No lcensee shall dispose of
material except
By transfer W an suthorized re-
1t a8 provided o the regulations in
40, or 70 of this chapter, which-
ever may be applicable; or
thorized pursuant

Licenased

provided in §20303 or

ppiicable respectively w Lhe

ensed material by release

ULArY sewerage systems or burial

§ 20,106 | Radioactivity
Unrestiricted Areas

ar ir i\r
rir L

F‘:

§ 20.302

FRO10914

2%

v
-

of proposed disposal procedures

Any licensee or applicant for a
A a;, v o Lhe Co '*.x‘..u on for
y i

*(a
license m

msod m.:l"‘L
ise authorized (1
1' this chapter Each
include & description of the l¢
terial and any other radioactive ::uum
invoived. iIncluding the guantities and
uch material and the levels of
involved and the proposed
nditions of disposal. The
n should also include an anal-
ysis and evajuation of pertinent informa-
tion as to the nature of the environment
including topograp! feological, me-
eorological and hydrological character-
istics. usage of ground and surface
waters in the general area; the nature
and location of other potentially affected

facilities and procedures (o be observed |

0 minimize the riak of unexpected or

{__hazardous exposures
I*w

The Commiagior will not approve
Any application for a license to receive
licensed material from other persons for
disposal on land not owned by the
Federal government or by & State

'L(ove,—nme, t

1

W FR 23118

The Commission will not approve
ANy applicad for a license {or disposal
of licensec material st sea unless the
applicant shows that sea disp offers
less harm man or the environment
than olher praciical alternative methods

C

jon

%
W
DR
wi

L_of disposal

% 20303

10914

TR

Disposal by relemse into sani

ary Mwerage svysiemas

No licensee sh discharge licensed
malerinl N0 & SANILATY sewerage system
unless

.
water and
(b) The Quantty
other rmadioactive
the system by the

in
licensed or
E“L{‘
one

of any
teria! released
censee L0 any

PR LR

*Kedesngnare e

Method for obtsining approval |

day does not exceed the larger of sub-
paragraphs (1) or (2) of this paragraph

(1) The quantity which, if diiuted by
the average dally quantity of sewage re-
leased into the sewer by the licensee
will result 10 an average concentration
equal to the lUmits specified in Appendix
B. Table I, Column 2 of this part; or
(3) Ten times the gquantity of such
material pecified In Appendix C of this
part: and

(¢) The quantity of any licensed or
other radioactive material reieased In
any one month, {f dliuted by the average
monthly quantity of water relessed by
the lUcensee will not result {n an average
concentration exceeding the Lmits spec-
fled In Appendix B, Tabie I, Column 2
of this part; and

(d) The gross quantity of licensed and
other radioactive material released Into

not exceed one curie per year
Excreta from individuals
medical diagnosis or therapy with radio-
active material shall be exempt from
Any limitations contained n
section
§ 20.304 Disposa! by burial in soil
No lcensee shall dispose of lcensed
material LY burial in soll uniess
(a) The total quantity of licensed and
aother —u‘.,ancuve materials buried at any
one location and Ume does not exceed, at
the time o.' bkr:;., 000 times the amount
specified In Appendix C of this part; and
(b) Burial is at & minimum depth of
four feet; and
¢) Successive burials are separated by
distances of at jeast gix feet and not more
than 12 burials are made in any year

£ 20305 Treaument or disposal by incin-
eralion.

No licensee shall trest or dispose of

licensed material by incineration except

1 roved by the Commis-

’*w to §§20.106(b) and 20.302

2% F 1 1094
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§ 20,401 Records of survevs
monitoring, and disposal

redisation

the radia

ndividuals for wh
toring is requir C
regulisions in this part Su':r mmd) shall
be kept on Form NRC-£, i accord
ance with uctions contained In
that form ciear and iegibie rec-
or@s containing al nformation re-
quired by Form NRC-5. The doses entered
on the forms or records shall be for
periods of tume not exceeding one calen-

r quarter

the instr
p

the

2
It is readily soluble or dispersibie =

(b)) Bach licensee aball malntaln rec-
ords | lhe aame unils used o N part
showing Lhe resulis of surveys required
by § 30201 monitoring regquired by
§120205'0) and 20 205:¢c), and dispoeals
made under {§ 20302 2€303, and 20304
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Appendix III. (continued)
PART 20 ¢ STANDARDS FOR PROTECTION AGAINST RADIATION

(1) A description of the Licenasd
maleriil iovoived including king quan-
QLy. chemical, and physmical form;

(2) A description of the cirewn -
flances under which the loss or et
cccurred

(3) A satement of dsposition or
Probabie duposition of the Loanzed
material Involved

(4) Radlation expogures to Individ-
UAls, circumstances under which the ax-
posures occurred. and the extent of P~
&ible hazard 0 persons in unrestricied
Brees;

(6) Actions which have been taken or
will be taken 10 recover the malerial
and

(6) Procedures or measures which
Bave becn: or will be adopted to prevent
& TecurTence of e loss or theft of U-
oenaed material.

(¢) Bubsequent to flling the writian
Tepo™t Lhe licensee shall also “epart any
Subslantive additional information on
the loss or thel: which beoomes avallshie
%0 he Lernsce, wil in 30 day: after he
kams of such nformation

(d) Any report fled with Ve Com-
miesion pursuant o this seciuon shall be
80 prepared Lhat names of indiviguals
who may have received exposure
odisUon are stated in & Sparate parn

&f W repors.

b
P

; § 20.403 Notifications of incidents.

(8) Immediate notification Each l-
censee shall tmmediately notify by tele-
phons and telegraph matligram. or fac-
simie the Director of the appropriate
NRC Regional Office listed in Appendix

20-7» Mey 21, 1976
(hext mage s 204)




Appendix III.

(continued)

PART 20« STANDARDS FOR PROTECTION AGAINST RADIATION

D of any incident involving byproduct
SOUTCE Or specia. Nuciear material pos-
sesseC by hur and which may have
|_Caused or threatens to cause

f_ 1+ Exposure of the whoie body of any
individual to 25 remes or more of radia-
tion . exposure of the skin of the whoie
body of any in¢ividusl of 150 rems or
more of radiatior. or exposure of the
fect ankles hancd: or forearms of any
ingivigua’ te 375 rems or more of radia-
tion, or

2/ The reieasc of radioacJve mate-
rial in concentirations which U averazed
over & periog of 24 heurs would exceed

<
-
5000 times the himits spesificd {or such
matirials in Apnpendix B, Tatie IT. or
3
more of the operation of any facilic..s

A lots of one workinz week r

affccied o
‘4" Damare L0 prope:
$100 000

‘b Twenty-four

ty In ecxcess of

hour

s tl by telephone and telegraph mail-

@ gram. or facsimile the Director of the

g "ppropriate NRC Regional Office listed

w In Appendix D of any incident involving

= licensed material possessed by him and
which may have caused or threatens (o
cause

™ 1 Exposure of the whole body of any
individus! tc 5 rems or more of radia-
tion, exposure of the skin of the whoie
body of any Individual w 30 reow or
more of radiation, or cxposure cf the
feet ankies hands or forearms o 78
rems or more of radiation. or

‘3 The release of radioactive male-
rial In econcentrations which LU aver.
aged over & period of 24 hours would
exceed 500 times the limits specified for
such materials i Appendix B Table II;
or

27 FR 5905

(3) A loas of one day or more of the
operation of any facliities affected or

‘4 Damage to property io excess of
81000

I FR

721 r

(c) Anv report filed with the Commussion pur
. suant 1o thes section shall be prepared so tha!
€ names of individuals whe have received evposure

W o radiatiun sl he stated 10 3 separate part of
B t1he report
—

§20 404 Delered 38 FR 22220.

£ 20,405 Reports of overexposures and
excessive levels and concentrations.

(s' In sddition W any notification re-
quired by § 20403, each licensee shall
make & report in writing within 30 days
to the appropriate NRC Regional Office
lsted in Appendis D with & copy W the
Direcwr of lnspection and Enforcement.
UE Nuciear Regulatory Commission,
Washington, DC 20855, of

(1) each exposure of an
individua! to radiation in excess of the
applicabie Iimits in #2010 or 20104
(R or the license (2 each exposure
o! an individual o radioactive material
In excess of the applicable limits In
§120103(a) 7)), 20103782, 20 104D
or the license 3 levels of radiation or
con-entrations of radioactive materia!
In & restricted area In excess of any
other aoplicabie limit In the license ¢
any incident for which notification is re-
guired by 20 403 and ‘5 levels of rs-

a“@rnm szm—-—-"—— “@rm n“—ﬂ

April 28,1977

g required under this paragraph shall de-

g to radiation or to radioactive material
¥ including estimates of esch individual's
@ exposure as required by paragrapn ‘b

= name social security number and date
notificelion & of birth. and an esumate of the indi-
ach licensee shall within 24 hours no-*

r-no.m Personne! exposare and mos-
ioring reporia

diation or concentrations of radioactive
material whether or not invoiving ex-
cessive exposure ©f any individual' in
an unrestricted ares In excess of ten
times any applicabie iimit set forth In
this part or in the license Each report

O.scribe the extent of exposure of persons

ievels of radiation and
concentrations of radioactive material
involved. the cause of the exoosure
leveis or concentrations and corrective
steps taken Or plannec 10 RSsure agains:
& recurrence

b' Any report flled with the Commis-
sion pursuant to this section shall in-
clude for each individual exposed the

of this section

vidua!s exposure The report shall be;

prepared so that this information 1s$
stated In a separate part of the repoﬂ.‘

|Deleted 38 FR 22220,
[Deletea 38 FR 22220

)

5 20 408

(8) This section apphes to each person I
censed by the Commussion or the Atomic En
erpy Commussion to

(1) Operate & nuclear reactor de-
signed tw produce electrical or heat
energy pursuant to § 502.(b) or | 50.22
of this chapter or s lesting facllity s
defined In § 50.2(r) of this chapter;

(2) Possess or use byproduct material
'or purposes of radiography pursuant o
Parts 30 and 34 of this chapter;

(3) Possess Or uUse At any one Ume,
or purposes of fuel processing fabnca
ton. or reprocesaing. special nuciear ma-
terial io & QUANUItY exceeding 5 000 grains
of contained uranium-235 uraniam-233,
or plutonium or any combinstion thereal
pursuant o Part 70 of thus chapler, or

(4) Possess Or use al AQY one Lume,

-

-

..... e e

(h) Each person described In pars-
graph (a0 of this section ahall within
e first quarter of esch
submit 1o the Duecror of
forcerment, LS. Nuclear Regulat

his Lt o qQuUADUUE selasot
comparabie radiation levels
tAmended 41 FR 1644t

"‘,’: employed by the licensee compietes his

10 work assignment in the licensee s facility,
lﬂ! the Licensee shall furnish® to the Dwector of

activities covering the preceding calen-
dnr your: '

(1) A report of either () the total
number of individumls for whom per-
sonnel wonitoring was required under
1120202(a. or 34.33(s) of this chapter
‘during the calendar year, or (11) the total
oumber of iIndividuals for whom person-
nel monitoring was provided dutng the
calendar year Providid, that such total
includes at least the number of individ-
uals required o be reported under para-
graph (B) (1) (D) of this section. The re-
port sball indicate whether It w sub-
mitted I accordance with paragraph
(b) (1) () or (W) af this section.

ul:ocomun indicating the number
of Individuals whose tolal whole body
recorded during the previous
calendar year was in each of the follow-
ing estmated exposure ranges:

Errimated Whole Body Number of
K rpowure Rangs nd iovd wals n
(Rewma )t sach rangs

™ § 20408 Reporus of personnel expo-

sure on terminstion of employment
or work.

When an individusl terminates em-
ployment with & licensee subject o
§ 20407, or an individual assigned
work In such a licensee's facility. but not

Inspection and Enforcement * US. Nuciesr
Regulatory Commusmon. Washingion. D.C.
20555 2 report of the -

dividual's exposure to radiation and re-
dioactive material incurred during the

“ A licenses whose license expires or term:
Nates prior 10, or on the last day of the cal
endar vear shall submit reports a1 the expy
LR Or termination of the hicense. covenng
thet! part of the year during which the hcense
was in effect

flodividual Talues axacuy

*  Amended 38 PR 22230
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NOTE TO APPENDIX B
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Appencix V.
CONTROL OF STUDENT EXPOSURE TO RADIATION

The following guides are recommended with respect to the uses of ionizing radia-
tion in educational institutions and should be distributed to students participa~
ting io demonstrations and/or experiments involving radiation:

1. Persons in the general population at any age. Such individuals should not
receive an exposure exceeding 0.5 rem per year in addition to natural back-
ground and medical exposures. This limit applies to those persons who are
not occupational exposed. If an instructor or students of age 18 or greater
is subjected routinely to work involving radiation, then he is an occupational
worker and the exposure limit of 5 rem per year applies.

Persons under 18 years of age. These individuals shall not be occupationally
exposed to radiation. Therefore, individuals under 18 vears old should not
be employed in an isotope laboratory.

Students under 18 years of age exposed during educational activities. Such
individuals should not receive whole body exposure exceeding 0.1 rem per year
due to their educational activity. To provide an additional factor of safety,
it is recommended that each experiment be so planned that no individual re-
ceives more than 0.0]1 rem while conducting or participating in the experiment.

Students over 18 years of age exposed during educational activities fall iamto
category 1 above.

It should be emphasized that there is no difficulty in performing radiation ex~-
periments and demonstrations in conformity with the above recommendations, if
appropriate safeguards are provided.

The following precautions are recommended when radioisotopes are actually handled
by the students:

PRECAUTIONARY PROCEDURES

1. "Good housekeeping" should be maintained at all times. Keep the laboratory

neat; wash glassvare regularly and do not let waste or contaminated material
Accumulate.

Perform a "mock” run, when practical, using stable or low-activity material
to establish the adequacy of procedures and equipment for handling the radio-
active material.

Measure and evaluate the radiation levels at hand and body locations prior
to carrying out intended operations on a source of radiocactive material.

Use a fume hood or glove box when performing operations that might produce
Alir-borne contamination, (namely, evaporations. sanding or grinding opera-
tions, transfers of unsealed powdered material, etc.).

Wear protective gloves and & ladb coat when performing operations that might
result in hand or clothing contamination,




7.

9.

10.

il.

12.

13.

Appendix V. (continued)

Survey skin, hair and clothing after handling unsealed radiocactive material,
and wash hands before leaving the laboratory.

Do not eat, drink or smoke in laboratories where unsealed radiocactive mater-
ial is handled, and do not store food in laboratory isotope storage refrig-
erators.

Do not pipette radicactive solutions by mouth.

Do not handle radicactive sources by hand unless you are certain that the
contact dose is within permissible limits and that the source is not con~-
taminated externally.

All containers of radiocactive material should be properly labeled at all
times. The label should indicate the date of assay and the kind and quantity

of radioactive material, and should carry the standard yellow and magenta
radioactivity symbol.

Containers of radiocactive solutions shall be kept closed except when in
actual use,

Radioactive sources shall be stored, when not in use, in a suitably labeled
location with means to prevent unauthorized use. Adequate shielding should
be provided.

Contact the Health Physics Division (6-2935 or 6-~2936) in case of spillage
or accident involving radiation.



Appendix VI,

POSSIBLE HEALTE RISKS TO CHILDREN OF WOMEN
WHO ARE EXPOSED TO RADIATION DURING PREGNANCY

Introduction

Yale University, through the University's Radiation Safety Committee, the Univer-
sity Health Services and the Health Physice Division, 1s striving to keep the
radiation exposure of every employee as lowv as practicable. As a radiation worker,
One may be exposed to more radiation than the general public. However, the

United States Nuclear Regulatory Commission, (previously the United States Atomic
Energy Commission) has established a basic exposure limit for all occupationally
exposed adults of 5 rems per year. No clinical evidence of harm would be expe~ ted
in an adult working with these levels for a lifetime. Because the risks of un-
desirable effects may be greater for young people, persons under 18 years of age
are permitted to be exposed to only 10 percent of the adult occupational limits.
(This lower limit is also applied to members of the general public). In the past,
all employees' exposures have been below the 5 rem/year whole body exposure limit,
prescribed by the Nuclear Regulatory Commission (NRC). Over ninety percent of
radiation vorkers at Yale have been below 0.5 rem/year, 102 of the exposure limit,

The National Council on Radiation Protection and Measurements (NCRP) has recommend-
ed that because the developing fetus may be more sensitive to radiation than adults,
the fetal radiation dose as a result of occupational exposure of the mother should
not exceed 0.5 rem. According to the NCRP, particular efforts should be made to
keep the radiation exposure of an embryo or fetus at the very lowest practicable
level during the entire period of pregnancy.

Some recent studies have shown that the risk of levkemia and other cancers in
children increases if the mother is exposed to a significant amount of radiation
(greater than 1 rem) during pregnancy. Although other scientific studies have
shown a much smaller effect from radiation, Yale wants the women employees to be
avare of any possible risk so that the vomen can take steps they think appropriate
to protect their offsprings.

Female employees vorking with radiation or radicactive materials must inform Yale,
through the Health Physics Division, when a pregnancy has been confirmed or if
Pregnancy is contemplated. Upon notification, Yale will then do everything practi-
cable to keep the fetal exposure below 0.5 rem during the pregnancy. The advice

of the Health Physics Division should be obtained to determine whether radiation
levels in your working areas are large enough that a fecus could receive 0.5 rem

or more during the gestation period. If 80, you should consider the following
alternatives during your pregnancy:

1. Reducing your exposure, where possible, by decreasing the amount of time you
spend in the radiation area, increasing your distance from the radiation
source, and using shielding. Extreme care should be exercised vhen perform-
ing experiments or procedures wvhere you might become contaminated. It is
important to reduce the potential of an ingestion of radioactive materials

during your pregnancy. Certain isotopes may cross the placental barrier and
ctually concentrate in the fetus.
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2. Requesting your department head to reassign you to areas involving less
exposure to radiation. If this is not possible, you might consider dis-
cussing a transfer within Yale with the Personnel Department, or leaving
your job. If you decide to take such steps, do so without delay. The
unborn child is most sensitive to radiation during the first three months
of your pregnancy.

3. You may also, of course, choose to continue working in the higher radiation
areas, but with full awareness that you are doing so at possibly some small
increased risk for your unborn child.

The following facts should be noted to help you make a decision:

1. The first three months of pregnancy are the most important, so you should
make your decision quickly.

2. At the present occupational exposure limit, the actual risk to the fetus is
small, but experts disagree on the exact amount of risk.

3. There is no need to be concerned about sterility or loss of your ability to
bear children. The radiation dose required to produce such effects is more
than 100 times larger than the Nuclear Regulatory Commission's dose limits
for adults.

4. Even if your work in an area where you receive only 0.5 rem per three month
period, in nine months you could receive 1.5 rems, which exceeds the full~-
term limit suggested by the NCRP. Therefore, if you decide to restrict your
unborn baby's exposure as reommended by the NCRP, be aware that the 0.5
limit applies to the full nine month pregnancy.

If a pregancy is confirmed, contact the Health Physics Division (6-2935 or 6-2936)
and assistance will be provided in establishing the expected dose to the fetus.

Discussion of Radiation

The amount of radiation a person receives is called the "dose" and is measured
in "rems". The average person in the United States gets a dose of one rem from
natural sources every 12 years. The dose from natural radiation is higher in
some States, such as Colorado, Wyoming and South Dakota, primarily because of
cosmic radiation. There the average person gets one rem every 8 years.

Many people receive additional radiation for medical reasons. The estimated
average surface skin dose from one radiographic chest x-ray is 0.027 rem. The
estimated average surface skin dose per abdominal x-ray is 0.62 rem.

Radiation can also be received from natural sources such as rock or brick struct-
ures, from consumer products such as television and glow-in-the-dark watches, and
from air travel. The possible annual dose from working 8 hours a day near a
granite wall at the Redcap Stand in Grand Central Station, New York City is

0.2 rem, and the average dose in the United States from TV, consumer products,
and air travel is 0.55! rem,
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Radiation, like many things, can be harmful. A large dose to the whole body

(such as 600 rems in one day) would probably cause death in about 30 days, but
such large doses result only from rare accidents. Control of exposure to radiation
is based on the assumption that any exposure, no matter how small, involves some
risk. The occupational exposuie limits are set so low, however, that medical
evidence gathered over the past 50 years indicates no clinically observable in-
Juries to individuals due to radiation exposures when the established radiation
limits are not exceeded. This was true even for exposures received under the
early occupational exposure limits, which were many times higher than the present
limits. Thus, the risk to individuals at the occupational exposure levels is
considered to be very low. However, it is impossible to say that the risk is zero.
To decrease the risk still further, licensees, such as Yale, are expected to keep
actual exposures as far below the limits as readily achievable.

Prenatal Irradiation

The prediction that an unbornm child would be more sensitive to radiation than an
adult is supported by observations for relatively large doses. Large doses de-
livered before birth alter both physical development and behavior in experi-
mentally exposed animals. A report of the National Academy of Sciences states
that short-term doses in the range of 10 to 20 rems cause subtle changes in the
nerve cells of unborn and infant rats. The report also states, however, that no
radiation-induced changes in development have been demonstrated to result in ex-

perimental animals from doses up to about 1 rem per day extended over a large
part of the period before birth.

The National Academy of Sciences also noted that doses of 25 to 50 rems to a
pregnant human may cause growth disturbances in her offspring. Such doses sub-
stantially exceed, of course, the maximum permissible occupational exposure limits.

Concern about prenatal exposure (namely, exposure of a child while in its mother's
uterus) at the permissible occupational levels is primarily based on the possibility
that cancer (especiall leukemia) may develop during the first 10 years of the child's
life. Several studies have been performed to evaluate this risk. One study involved
the follow-up of 77,000 children exposed to radiation before birth (because of diag-
nostic abdominal x-rays made for medical purposes during their mother's pregnancy) .
Another study involved the follow-up of 20,000 such children. In addition, 1292
children who received prenatal erposure during the bowbing of Hiroshima and

Nagasaki were studied. Although contradictory results have been obtained, most

of the evidence suggests a relationship between prenatal exposure and an increased
risk of childhoor cancer.

S umma ry

Occupational exposures to radiation are being kept low. However, qualified scien-
tists have recommended that the radiation dose to a pregnant woman should not
exceed 0.5 rem because of possible risks to her unborn child. Since this 0.5 rem
is lower than the dose generally permitted to adult workers, women may want to
take special actions to avoid receiving higher exposures, just as they might stop
smoking during pregnancy or avoid taking unnecessary drugs to reduce possible risks

to their urborn children. Contact the Health Physics Division (6-2935 or 6-2936)
if there are questions.
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LABORATORY PROCEDURES

Work Surfaces

All work areas (bench tops, hoods, floors, etc.) as well as storage areas adjacent
to permanent set-ups and sinks should be covered at all times wvith stainless steel
or plastic trays, or other impervious materials. For some purposes a plastic-
backed absorbent peper will be satisfactory. However, if such paper is used, it
should be discarded frequently to prevent spread of contamination.

Periodic Surveys of Radiation Areas

The immediate areas (namely hoods, bench tops and storage areas) in which radio-
active materials are being used should be checked for contamination periodically
by the radiation workers in that laboratory. In addition, these areas should be
inspected each and every time there is reason to suspect a contamination incident.

Radicactive Contamination of Areas

In general, no radicactive contamination can be tolerated. Exceptions are, active
work areas which will be clearly marked with the standard radiation caution signs
Or tape. Any contamination that is not confined to protected surfaces should be
reported immediately to the Health Physics Division. The Health Physics Division
will supervise the decontamination of such areas or equipment. The Health Physics
Division considers 100 counts per minute above background on a liquid scintilla-

tion counter (approximately 100 picocuries per smear) to be a significant level
of contamination.

Decontamination of Areas Contaminated with Radioactivity

Preparations for decontamination should begin promptly. Determine the extent of
the contamination. The Health Physics Division will assist in this evaluation.
The individual responsible for the contamination will perform the clean-up under
the supervision of the Health Physics Division. The area or equipment should be
considered contaminated until proven otherwise.

Decontamination of Personnel Contaminated with Radiocactivity

Notify Principal Investigator immediately after contamination accident. Wash body
area involved thoroughly for 2 or 3 minutes using only lukewarm water. 1f this

procedure is not immediately and completely effective, notify the Health Physics
Division.

Areoscls, Dusts and Gaseous Products

Procedures involving aerosols, dusts or gaseous products, or procedures which might
produce airborne contamination shall be conducted in a hood, glove box or other
suitable closed system. All releases from such systems shall not exceed the maxi~
Bum permissible concentration in air for the nuclide ir question. See Appendix B,
Table I1. of 10CFR P rt 20 for appropriate values (Appendix IIl.). However, where
practical, traps should be incorporated in the experiment set-up to insure that
environmental releases are as lowv as possible. Radiocactive gases or materials
with radiocactive gaseous daughters must be stored in gas-tight containers and

Bmust be kept in areas having approved ventilation. Hoods to be used for radio-
isotope work should be tested by tne Health Physics Division to insure that they
meet the minimum requirements for air velocity at the face of the hood.
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lodine Vapors

Procedures in which iodine vapors may be generated shall be conducted in a

glove box or isotope hood with adequate flow rate and charcoal filters. Advice
should be sought from the Health Physics Division prior to conducting experi-
ments with iodine and the facilities should be evaluated for containment purposes.
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RECOMMENDED PROCEDURES POR

OPENING RADIOACTIVE SHIPMENTS

It is suggested that plastic gloves be worn while processing the
received package.

1. Place package in vented hood, if available.

2. Wipe test package for removable contamination
with filter paper and count for activity.

3. 1If the package contains gamma or high energy beta
emitters, check dose rate on outside of package
wvith survey meter.

4. Open outer package and remove packing slip. Open
inner package and verify that the contents agree
in name and quantity with isotope and quantity
ordered.

5. Check for possible breakage of seals or containers,
loss of liquid or change in color of absorbing
material.

6. Wipe test innermost container. Note: The liner,
shield and isotope container may have surface
contamination; thuy should be discarded as
radicactive waste.

7. Record type of activity, quantity present in
receiving log such as laboratory data book.

8. 1f contamination, leakage or variations in isotope,
or quantity ordered are observed, notify the Health
Physics Division.
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LEAK TESTING OF SEALED SOURCES

Testing of Purchased and Pabricate! Sealed Sources

Each sealed source obtained from a vendor and containing byproduct material
(other than tritium) with a half-life greater than thirty days, in any form
other than gas, shall be tested for contamination and/or leakage prior to use.
Each sealed source fabricated within the University shall be tested for contam-
ination and/or leakage immediately after fabrication. In addition to an initial
test upon fabrication, the source will be stored for a period of seven days and
retested prior to transfer to another Investigator.

Each sealed source containing byproduct material, other than tritium, with a

half-life greater than thirty days, and in any form other than gas, shall have
the following:

1. Tests for leakage and/or contamination at intervals not to exceed six months.

2. Tests shall be capable of detecting the presence of 0.005 microcuries of
removable contamination.

Test wipings shall be taken from the sealed source or from the surfaces of
the device in which the sealed source is permanently or seni-permanently
mounted or stored and on which one might expect contamination to accumulate
and sent to the Health Physics Division for analysis.

Alpha sources shall be tested at intervals not to exceed three months.
Results of tests shall be recorded and maintained for inspection by NRC.

If the required tests revesl the presence of 0.005 microcuries or more

of removable contamination the Health Physics Division shall notify the
Investigator and immediately withdraw the source from use, and shall cause
it to be decontaminated and repaired or to be disposed of in accordance
with the Radiation Safety Committee's regulations,

Exceptions to Leak Test Requirements

No leak tests required for the following:
1. Sealed sources containiog tritium.

2. Sealed sources containing byproduct material with a half-life of less
than thirty days.

Any sealed source, provided the quantity of byproduct material contained

does not exceed ten times the quantity specified in Schedule B, Section
30.71,10CFR Part 30.
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PART 30 « RULES OF GENERAL APPLICABILITY TO LICENSING~

§30.7]1 Schedule B.
Byt e

Antimany 122(Sb122).... ... .. .

Antimony 124 (Sb 124) .

Arsenic 77 (AST) ... ...
Barium 131 (Ba 131)

**Barium-133 (Ba 133)

Barivm 140 (Ba 140)
Bumuth 210 (8 210)
Bromine 82 (B¢ 82).
Cadmium 109 (Cd 109)

Cadmiwm | 13m (Cd 115m)

Cadmium 115 (Cd 118) ... ..

Calerum 45 (Ca 43) ...
Calcium 47 (Ca 47).

Corbon 14 (C \&) ... .

Cerium 141 (Ce 141) . |

Cervam 143 (Ce 14Y) ... '

Cerium 144 (Ce 144)
Coniam 131 (Cs 131)..
Cesium | 3m (Cy | M)
Conium 134 (Ch 104)
Cesium 135 (Cs 139)
Cosium 136 (Cs 138) .

Cesiwm 137 (Cs 137 .

Chiorine 36 (C1 36) .
Chiorine 30 (C1 38) .. ..
Chvomiwm 31 (Cr 51). ..,
Cobalt $8m (Co 38m)
Cobalt 58 (Co 38) .. .
Cobalt 80 (Co 80)
Copper 84 (Cu 04)
Dysprosium 165 (Dy 163)
Dysprosium 166 (Dy 186)
Erbium 169 (Er 169)
Erboum 17) (Br 171) .

Ewropium 152 9.20 (Eu 152 9.20)
Ewropium 152 13 yr (Eu 132 1) yvl

Evwropium 154 (Ey 154)
Ewropium 153 (Bu 13%)
Fluorme 18 (F 1)
Gadolmem 133 (Gd 13))
Gadolinium 159 (Gd 199)
Galliee 72 (Ga ™) :

Gold 199 (Ay 199) .

Hatniom 181 (N 181)

Holmiwm 186 (Mo 168)
Hydroges Y (M 3)
Indium 11 3m (In 1) 3m)
Indium |14m (In | 14m)
Indium | 15m (In 1 15m’
Indium 115 (In 119
lodime 12541 129)
lodine 126 (1 128)
lodine 129 (1 129)
lodine 131 ¢1 131)
lodine 132 (1 13Dy
lodne 133 (1 130)
lodine 1M (1 | 34
lodine 133 (1138)
fradium 192 (1r 192)
Iesdium 194 (1r 194)
lrom 33 (Fe %)

fron 39 (Fe M)

** Aaded 36 F i le89s

Krypton 85 (Kr 88) ... ..

Krypion 87 (Kr 87). ... ... .

Lanthanum 140 (La 140).
Lutetiom 177 (La 177). .,
Manganese 52 (Mn 52)
Manganese 54 (Mn 54) .
Manganese 56 (Mn %6) . .
Mercury 197m (Mg 197m). .
Mercury 197 (Mg J97). ..
Mercury 203 (Mg 203) ..

Molybdenum 99 (Mo 99) ... ... . .

Neodymium 147 (Nd 147).

Neodymuam 149 (Nd 149)
Nickel SO (N S9) ... ...
Nickel 63 (N1 6))
Nickel 65 (NI 8S) . . .. .
Niobium 93m (Nb 93m) .

Niobiam 95 (ND 93) .. .
Niobiam 97 (*» 97, ... ...

Osmiuem 191 (O 191)............ . ...

Owminm 19) (Os 193) .
Palisdium 103 (Pg 103)
Palladium 109 (Pd 109)
Phosphores 32 (P 32) .

Plaimum 190 (P I90)

Platinum 193m (P 190m) ..
Platinem 193 (P 19)) .

Polonsem 210 (Po 210)
Potasiem 42 (K 420 .
'vm 142 (P llﬂ

Promethium 147 (Pm 147) . .

Promethium 149 (Pm 149)

Ribenium 106 (Re 188) ... ......... ..

Rbenium 188 (Re 188)

| Rivoduam 103m (Kb 103m)

Rbodium 105 (RN 108) ..
Rubidium 86 (Rb 88) . .
Rubudium 87 (RO EY) .,
Rutheniam 97 (Re 97) .
Ruthenium 103 (Ry 10Y)
Ruthenium 108 (Ry 108)
Rutheniom 106 (Ry 108)
Samariem 15) (8m 181)
Samarimm 15) (S 1))

Sodim 24 (Na 24)
Sirontiem 83 (5 83
Scrontiem 89 (S0 9)
Sirontiem 90 (S¢ 90)
Srontem 91 (S 91)
Sirontiam 92 (S 92)
Sulphur 35 (5 35)
Tontalum 182 (Ta 182)
Technetium 96 (Tc 96) .
Technetium 97m (T¢ 97m)
Technerium 97 (Te 97)
Technetium 99m (Tc 99m)
Technetium 99 (Tc 99)
Tehlurum 125m (Te 1 25m)
Tellurium 127m (Te 127m).
Tellurium 127 (Te 127) "
Tellurium 129m (Te 129m).
Telluriam 129 (Te 129) .
Tellurium 13im (Te 13im) .
Telluriam 132 (Te 132). ...

Terbium 160 (TS 160) . ... .
Thalluwm 200 (T1200) .

Thallim 201 (T) 201) .

Thallium 202 (T1 202). ... ...

Thallium 204 (T1 204) . .
Thelium 170 (Tm 190). ..

Theliwm 170 (T 170) ...

T LI (Sa 11D)...........
Tm 125 (S8 129) .
Tungmen 181 (W 181) .
Tungmen 185 (W 188)
Tunguen 187 (W 187)
Vanadium 48 (V 48)

Xenon |3im (Xe (3im) . ... .. ..

Xemon 133 (Xe 13))
Xemon |35 (Xe 133)
Yiterboum 175 (YD 17Y)
Yitrim 90 (Y 90).
Ytiirwm 91 (Y 91)
Yuriam 92 (Y 92)
Ytirium 9) (Y 93)
Linc 83 mm -
un-n
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Emergency Telephone Numbers
Health Physics Division
VALE UNTVERSITY 6-2935 or. 6-293¢
EMERGENCY PROCEDURES Campus Police 121 ox 6-6341
Yale-New Haven Hospital

Emergency Room 6-1960

ACCIDENTS INVOLVING 108 EXPOS 10ACTI
1. Emergency Notification

A k&&!ﬁ&“[ = high radiation levels or the possibility of airborne
contamivation from dry or volatile radicactive materials.

1. [Evacuate the laboratory immediately; close and lock the door and/or
stand guard to prevent entrance; during mormal working hours, immediately
contact the Health Physice Division and give details of the accident.

2. During off hours, evacuate laboratory, close door, call Campus Police and
give details of the accident and await instructions. The Campus Police
will contact Health Physics Division personnel. Health Physics Division
personnel will then contact the individual and give instructions.

3. 1f you have to leave the area to call Health Physics Divieion or Campus
Police, cover your shoes if you suspect contamination and do not touch
anything unnecessarily.

&. Hold your breath when possible until leaving immediste area of possible
high airborne concentratioms.

B. Accident Involving Both Personnel Injury and Radiocactive Contamination

1. Give firet aid, if necessary. If the wound appears to be superficial,
flush with cool water immediately.

2. During normal working hours contact Campus Police first and then the
Health Physics Division. Give details of the accident and avait instructions.
Health Physics Division personnel will contact the individual and give
instructions.

3. Remove any contaminated clothing and if necessary wrap the individual in
a fire blanket.

4. 1If 1t is necessary to send individuals to the Emergency Room at Yale-
Nev Haven Hospital, inform the Emergency Room that a contaminated patient
is coming. Campus Police must provide transportation.

5. Keep all uninjured personnel involved close to the accident area. Prevent
the spread of contamination by isolating and sealing the accident area.
Keep people out. Shut down ventilation if possible.
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C. Other Hazards

1. Accidents involving both radiocactive material and infectious viruses.

Deactivate the virus and notify the Health Physics Division or during
off hours Campus Police and await instruction.

2. Fires, explosions, etc.
Evacuate all personnel immediately, sound the fire alarm, notify the
Health Physics Division or Campus Police and await imstruction; do not
leave the area or general vicinity without first being monitored for
radiocactive contamination.

D. For All Emergencies Use the Following Guides

Keep calm, use common sense, protect people, do not spread contamination.
Always assume you are contaminated until a survey shows otherwise, call
Health Physice Division or Campus Police and await instruction.

1. Confine Contamination

a. Localize the spill. Right a tipped container, drop absorbent
material on the spill, damp down & dry spill. Always wear gloves
vhen working with a spill.

b. Do not track contamination about the laboratory. Call, do not
g0, for help if possible. Prevent others from entering the immediate
contamination area.

¢. Close doors and where posseible adjust ventilation to prevent the
spread of airborne contamination.

d. Check your shoes before leaving the area of a cleaned-up spill.
2. Protect Personnel

a. Remove contaminated clothing and gently wash contaminated parts
of the body with detergent.

b. Be especially thorough in flushing out wounds with cool water.

¢. Hold your breath L{f airborne contamination is suspected or until
you leave the area.

d. Warn other workers.

I1. Campus Police Procedures

A. The Campus Police upon receiving a call should collect the following
information: the location of the accident, the number of injured and/or
exposed persons, the types and approximate quantity of radiocactive material
involved, and the name and telephone number of the Individual giving the
information.
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B. The Campus Police, after receiving a report of a radiation accident and
dispatching a policeman to the scene, should contact:

1. 1f injuries ere iovolved, the Hospital Inct;cncj Room either to warn
of an accident or indicate that contaminated patients are coming.

2. Health Physics Division:

Start at the top of the list and proceed down until someone is reached.
The individual reached should obtain the facts, contact Mrs. Mulvaney,
give her the information and proceed to the a~cident scene if necessary.

Mrs. Mulvaney will contact others and either dicvatch them to Yale or give
further instructions.

Health Physics Division Yale Phone Number

Home Phone
George R. Holeman, Director 6-0570 or 6-2935 453-5520

Kenneth W. Price, Health Physicist 6-0570 or 6-2935 248-2543
Frederick Greenhalgh, " < 6-0570 or 6-2935 248-8845
George Andrews, Chief Technician 6-0536 387-5392

M. Claire Mulvauey, Sr.Admin.Asst. 6-0570 or 6-2935 248-2553

University Radiation Safety Committee
Dr. Peter D. Parker 6~2320 or 6-3347 288-5374

Campus Police when reaching the scene of the accident should help determine

if injured personnel need wmergency care or not; If oo, they should provide
transportation (either patrol car or ambulance). Anyone known to be contaminated
should be wrapped in a fire dlanket or othar meens used to contain the contam-

ination. Call Emergency Room, Yale-Nev Haven Hospital and indicate the number
of patients coming.

Campus Police should not leave the Emergency Room until they and their auto-

wobile, or ambulance, have been checked either by Yale Health Physics Division,
or the Hospital Radiation Safety Officer.

Accident Reporting

All released to the public of information concerning accidents involving radiation
shall be released through Dr. Peter D. Parker (6-2320), Chairman of the Yale Radiation
Safety Committee to the Yale Public Relations representative, S. A. Kezerian (6-3440).
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TFZ _NATIONAL COUNCIL ON RADIATION

PROTECTION AND MEASUREMENTS REPORTS

Title

Control and Removal of Radiocactive Contamination in
Laboratories (1951) PR S5 B e r b 5 5

Recommendations for Waste Disposal of Phosphorus-32 and
Iodine-131 for Medical Users SBI3L) cossonassns oo

Radiological Monitoring Methods and Instruments (1952).

Recommendations for the Disposal of Carbon-14 Wastes
(19530-..0 LA I Y

Protection Against Betatron-Synchrotron Radiations Up
to 100 Million Electron Volts RAPPAS s s sssnanie

Radiocactive Waste Disposal in the Ocean (1954)

Haximum Permissible Body Burdens and Mazimum Permissible
Concentrations of Radionuclides in Air and in Water for
Occupational Exposure (1959) RS Ry

Measurement of Neutron Flux and Spectra for Physical
and Biological Applications EEIBD) . csisvsvinnsnsnnscsns

Measurement of Absorbed Dose of Neutroms and of Mixtures
of Neutrons and Gamma Rays (1961)......

Stopping Powers for Use with Cavity Chambers (1961)....
A Manual of Radiocactivity Procedures 29).. ..
Safe Handling of Radioactive Materials (1964)

Shielding for High-Energy Electron Accelerator
Installations (1964).............

Radiation Protection in Edi:cational Institutions (196¢€)

Medical X-Ray and Gamma-Ray Protection for Energies Up
to 10 MeV - Equipment Design and Use (1968)

Medical X-Ray and Gamma-Ray Protection for Energies Up
to 10 MeV - Structural Shielding Design and Evaluation

Radiation Protection in Veterinary Medicine (1970)

Precautions in the Management of Patients Who Have
Received Therapeutic Amounts of Radionuclides (1970)..

Protection Against Neutron Radiation (1971)
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Basic Radiation Protection Criteria (1971)....

Protection Against Radiation From Brachytherapy
Sources (1972)

Specification ¢ Gamma-Ray Brachytherapy Sources (1974)...

Radiological Factors Affecting Decision-Making in a
Nuclear Attack (1974) cesesRsB RGNS

Review of the Current State of Radiation Protection
Philosophy (1975)

Krypton-85 in the Atmosphere - Accumulation, Biclogical
Significance, and Control Technology (1975).......

Natural Background Radiation in the United States (1975)..
Alpha-Emitting Particles in Lungs (1975)...
Tritium Measurement Techniques (1976)...

Radiation Protection for Medical and Allied Health
Personnel (1976)

[All prices subject to change without notice]

Reports may be obtained from:
NCRP Publication

P.0. Box 30175

Washington, D.C. 20014




