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HANDBOOK FOR PROTECTION AGAINST IONIZING
RADIATION
(REGULATIONS, RESPONSIBILITIES, AND PROCEDURES)
NORTH CAROLINA STATE UNIVERSITY AT RALEIGH

INTRODUCTION

This handbook has been prepared as a guide for North Carolina State Univer-
sity personnel involved in activities wherein radioactive materials and/or ioniz-
ing radiation producing devices are used. The purnose of this handbook is to set
forth regulations, responsibilities, and procedures for such uses which will in-
sure that the resulting radiation exposure is no greater than that which is
warranted when the benefits from the use and the associated risks are properly
balanced. In this connection, every effort will be made to keep such exposures as
far below the legal limit as is reasonably achievable.

North Carolina State University has been issued licenses by the State of
North Carolina through the Radiation Protection Section of the Division of
Facility Services and from the federal govern.aent through the Nuclear
Regulatory Commission. These licenses govern the acquisition, use, and disposal
of radioactive materials and radiation producing devices on the campus. To meet
the conditions of the licenses, the Radiation Protection Council was established
to institute the radiation protection program hereinafter described.

The Radiation Protection Council carries out its duties with the attitude of en-
couraging new and worthwhile uses of radioactive materiuls and/or ionizing
radiation producing devices while being continuously vigilant in its efforts to
maintain and improve radiation safety practices to minimize exposures. The
Council recognizes at the outset that its program will be successful only if it is
fully supported in spirit and in fact by the users. To this end, the Council
promotes educational programs to develop a clear understanding of the princi-
ples of radiation protection and endeavors to insure that there is an atmosphere
of confidence and mutual trust between the Council, the Radiation Protection
Office, and the user.



SECTION | ADMINISTRATION

1.1 Radiation Protection Council

The Radiation Protection Council has been estab-
lished to insure that uses of radioactive materials
and/or ionizing radiation producing devices, in-
cluding the nuclear reactor, on the North Carolina
State University campus and/or extension sites are
conducted in the safest possible manner. The Council
is directly responsible to the University Administra-
tion so that the provision exists for making technical
judgments and recommendations that are free from
departmental influences which may not be in the best
interest of the program.

The Council consists of at least ten voting members
from the general faculty. Nine of these members are
appointed annually by the University Adninistra-
tion; the tenth member is appointed by the Faculty
Senate as a representative from that body. The
Radiation Protection Officer, Associate Radiation
Protection Officer, and the Director of the Safety
Division serve as ex officio members. In addition, &
representative is appointed from both the Physical
Plant Division and the University Research Ad-
ministration to serve in a liaison capacity. One of the
voting members is designated as Chairman and
another as Vice Chairman. The Chairman normally
serves for two years with the Vice Chairman sue-
ceeding to the position of Chairman. These two posi-
tions usually rotate among the represented schools
and divisions of the University.

Members of the Council are selected primarily
from the faculty who are actively engaged in teaching
and research involving the use of radioactive
materials and/or ionizing radiation producing
devices. As a result, most members will be in-
dividuals who manifest a high degree of expertise in
the areas of nuclear science and in the related fields
of the nhysical and biological sciences. The unit of
representation on the Council is at the school and/or
division level. Generally, two faculty members are se-
lected from each school which is concerned in some
measure with ionizing radiation. Members may suc-
ceed themselves with terms of service normally being
four years. Reappointment of members is made with
the idea in mind of maintaining a majority of return-
ing members so that continuity of Council practices
may be insured.

The Council normally meets each month but does
not meet less than six times per year. In addition to
the regular meetings, the Chairman may call special
meetings when circumstances warrant this action.
The proceedings of all meetings are duly document-
ed and distributed so as to keep the appropriate
schools, departments, divisions, and/or offices of the

University appraised of Counnil actions.

The University has been issued licenses from the
responsible state and federal agencies to utilize a
broad range of radioactive materials and/or ionizing
radiation producing deviees. In order for the Univer-
sity to enjoy the advantages of this broad-use con-
cept, it must establish the mechanism by which it, in
effect, regulates and controls itself. The Council has
heen established as that University agency to which
this regulatory authority has been given. This
authority includes the promulgation of the regula-
tions, responsibilities, and procedures which follow in
this handbook.

The Council discharges its responsibilities with the
attitude that a spirit of mutual trust exists between
the Council and the user. However, to guard against
oversight and human fallibility, the Council must
maintain the authority to require:

a. that users strictly adhere to the procedures set
forth in this handbook and the approved project
application;

b, that users allow such monitoring of their work as
i& necessary to insure that the work is
radiologically safe; and

¢. that users understand that the Council's agent,

the Radiation Protection Officer, may suspend ap-
proval for use when circamstances warrant this
action. The Council may at its discretion require a
re-application for use if this circumstance arises.
When such action is taken, every effort will be
made by the Council and the Radiation Protection
Officer to re-establish the approval in the most ex-
peditious and straightforward manner possible.
In the discharging of its duties, including the
preparation of this handbook, the Council takes the
position that it may establish regulations and
procedures which may be more conservative than
those of the State of North Carolina and/or the
Nuclear Regulatory Commission.

1.2 Radiation Protection Officer

A Radiation Protection Officer is appointed by the
University Administration to be directly responsible
to the Radiation Protection Council and to serve in-
dependently of any school, department, or division
An Associate Radiation Protection Officer works
closely with the Radiation Protection Officer and is
given the same authority when circumstances dic-
tate. These individuals must be able to meet the
qualifications for certification as set forth by the
American Board of Health Physics or ite acceptable
equivalent

in the absence of the Radiation Protection Officer,




the Associate Raviation Protection Officer
sutomatically as=umes Il of the avihority and
responsibilitie. of the Raciation Protection Officer's
position. In t} e absence of both these individuals, the
Chairman of ‘he Radiat.on Protection Council wil)
appoint an Actne Rogation Protection Officer.

The Radiation Protection Officer is responsible for
insuring that users of radioactive materials and/or
ionizing radiation producing devices adhere to ap-
propriate federal, state, and Radiation Protection
Council regulations. In addition to this, the Radiation
Protection Officer is to advise and assist users in the
development of new and worthwhile programs utiliz-
ing ionizing radiation.

1.2.1 Radiation Protection Office

In addition to the Radiation Protection Officer and
Associate Radiation Protection Officer, the Univer-
sity has provided for the establishment of various
technical and clericul staff positions, items of
specialized equipment, and space to constitute an of-
ficial University office designated as the Radiation
Protection Office.

This office provides as a service to the University
those activities, both administrative and technical,
which are necessary to insure adherence to the
regulations, responsibilities, and procedures set forth
in this handbook. The Radiation Protection Officer
serves as the director of the Radiation Protection Of-
fice and in this sense the authority of this Office is
solely vested in this individual. Specific activities of
the Radiation Protection Office include the following:
a. Perform the initial review of all applications for

permission to obtain and use radioactive
materials and/or ionizing radiatios producing
devices, This includes working closely with a
potential user during the planning phase of the
proposed work, i.e., inspection of the laboratory
spaces, training of personnel who will be working
with the user in charge, and helping the user to
develop appropriate handling techniques. Certain
uses (see Section 2.1.6 of this handbook) are ex-
empt from formal review by the Radiation Protec-
tion Council; the determination of whether or not
this exemption applies is made by the Radiation
P'=otection Officer.

b. Mark and post laboratories wherein radioactive
materials and/or ijonizing radiation producing
devices are to be utilized as per the applicable
federal and state regulations. In this connection,
it is also the responsibility of the Radiation
Protection Office to provide users with certain
forms for documentation purposes; these include,
but are not limited to, forms entitled “Personnel
Monitoring Service” and “Quarterly Radioactive
Materials Inventory”

¢. Provide the necessary radiation monitoring ser-
viees including persennel monitoring, contamina-
tion surveys, radioactive waste disposal, radiation
surveys, survey meter calibration, ete. Adequate
services are provided to supplement and confirm
the sufficiency of the handling procedures; this in-
cludes periodic inspections of the various
laboratories to insure that activities are in accor-
dance with the provisions of the approved project
application. In some cases special services are fur-
nished such as providing a survey technician to di-
rectly monitor a critical operation.

d. Provide environmental radiation surveillance in-
cluding analysis of air, water, foliage, and
foodstuffs to insure that uses of the radioactive
materials and/or jonizing radiation producing
deviees at North Carolina State University do rot
degrade the environment.

¢ Maintain complete and accurate records including
results of radiation monitoring and surveillance
activities, transactions of the Radiation Protec-
tion Council and the Reactor Safeguards Advisory
Group, government regulations, radioactive
materials licenses, ete.

f. Conduct training courses for personnel involved
in radiation work.

£ Maintain a capability to deal with any emergen-
cies that may arise due to the use of radioactive
materials and/or ionizing radiation producing
devices on the campus of North Carolina State
University.

In the performance of these duties, the Radiation
Protection Officer must insure that the Radiation
Protection Office staff does not adopt the role of
“policemen” as a standard way of doing business. The
end result is to maintain ionizing radiation exposure
at the lowest practical level in an atmosphere of
mutual trust and cooperation between the user and
the Radiution Protection Office.

1.3 Authorized User in Charge

Each project using radioactive materials and or
ionizing radiation producing deviees must be under
the direction of an individual designated as the
Authorized User in Charge. This individual must be a
permanent faculty or staff member of North
Carolina State University. The Radiation Protection
Council assigns to this individual the responsibility
for insuring that work with radioactive materials
and/or jonizing radiation producing devices conforms
to the description of use as stated in the approved
project application and to the appropriate sections of
this handbook. In this conpection, the Authorized
User in Charge:

a. Submits a written request for all new uses of




radioactive materials and/or ionizing radiation
producing devices via the form entitled “Applica-
tion for Permission to Obtain and/or Utilize
Materials or Devices which Emit lonizing Radia-
tion” (Appendix A to this handbook).

Submits a written request for approval to make
changes to existing projects when such changes
introduce potential hazards that are as yet un-
reviewed by the Council.

Notifies the Radiation Protection Office of addi-
tions or deletions to the list of project personnel as
such changes take place and also furnishes a
current list of project personnel along with the
quarterly inventory of radioactive materials.
Where appropriate, the Authorized User in
Charge submits 4 request for “Personnel Monitor-
ing Serviee" form for each individual who will be
subject to ionizing radiation exposure. The
Authorized User in Charge also insures that proj-
ect personnel cooperate fully with the Radiation
Protection Office in the performance of any
bioassay or medical procedures which may be
necessary to assess internal exposure,

Insures that all project personnel understand that
radioactive materials and/or ionizing radiation
producing devices are to be used only as described
in the approved application for use. The
Authorized User in Charge also insures that proj-
ect personnel follow recommended safety prac-
tices to minimize exposure to themselves and pre-
vent, to the extent possible, the spread of con-
tamination. In this connection, the Authorized
Uiser in Charge insures that all project personnel
understand that the Radiation Protection Office is
to be notified immediately if accidents occur in
the laboratory wherein radiosctive materials
and/or jonizing radiation producing devices are
used.

Keeps an up-to-date log of use and inventory of all
radioactive materials for which he has charge and
submits such an inventory to the Radiation
Protection Office on a quarterly basis.

Notifies the Radiation Protection Office of any
unusui! hazards in the laboratory area which
could affect the safety of the Radiation Protection
Office staff while engaged in their surveillance
work, e.i., the handling of waste materials having
a degree of toxicity (in addition to radioactivity)
which would necessitate special handling
procedures. Special hazards due to mechanical or
electrical equipment should also be brought to the
attention of the Radiation Protection Office
Insures that no materials and/or devices are
utilized by unauthorized users.

. Submits a written request to the Radiation

Protection Officer for the assignment of an Acting

Authorized User in Charge to take ever the proj-
ect responsibilities when the Authorized User in
Charge must be absent from the University for an
extended period of time. The individual who is to
assume project respansibilities must be & member
of the faculty or staff of the University and also
have training and experience comparable to that
of the Authorized User in Charge. If such an in-
dividual is not assigned, the radioactive materials
and/or ionizing radiation producing devices
covered by the projectis) sha!l not be used but
shall be placed in an approved storage area.

1.4 Nuclear Reactor Facility

Because of the inereased potential for exposure to
ionizing radiation from the operation of the nuclear
reactor, assurances must be made that an ap-
propriate administration is maintained to oversee
these operations. A full deseription of the respon-
sibilities of reactor facility administrators is con-
tained in the Nuclear Regulatory Commission license
documents, in particular, the technical specifications.
The discussion which follows deseribes these respon-
sibilities and lists those specific additional duties
which are required by the Radiation Protection
Council

1L.4.1 Nuclear Operations Administrator

The Nuelear Operations Administrator is responsi-
ble for the safe and efficient operation and utilization
of the nuclear reactor facility. This responsibility in-
cludes the special nuclear material associated with
the use of the reactor such as stored nuclear fuel ele-
ments, startup sources and fission chambers. In all
matters pertaining to the operation of the facility,
the Nuclear Operations Administrator reports to and
is directly responsible to the Head of the Department
of Nuelear Engineering, The Nuclear Operations Ad-
ministrator with the assistance of the reactor opera-
tions and maintenance staff has the following duties:
a. Reviews all experiments utilizing the nuclear
reactor 1o assure compliance with the provisions
of the facility license, technica! specifications, and
Nuclear Regulatory Commission regulations and
makes recommendations based on this review to
the Radiation Protection Council for its use in
consideration of new and/or untried experiments.

b Insures that all changes to the facility and all
changes to the established operating procedures
are appropriately reviewed, evaluated, and ap-
proved as per the provisions of the facility license
and the technical specifications, and further in-
sures that such changes are appropriately docu-
mented

¢ Maintains records associated with the operation




and maintenance of the reactor and its supporting
facilities including records of all irradiations.

d. Informs the Radiation Protection Office of all
non-routine operations and manipulations which
could result in significant personnel exposure or
increase the likelihood that a reactor safety
system setting could be exceeded. In this connec-
tion, the Nuclear Operations Administrator
reports to the Radiation Protection Office any ac-
cidents involving exposures, spills aud/er leaks
that result in a potential radiation risk.

¢. Meets peviodically with the Reactor Safeguards
Advisory Group so that they may jointly review
the operations and maintenance activities
associated with the reactor.

f. Insures that the reactor is not operated in any
manner which is not authorized including the
irradiation of any materials, substances, plants,
or animals without the assurance that the in-
dividual requesting such irradiations has received
appropriate approval from the Council.

g Submits a monthly written report to the Council
concerning the operation of the reactor from the
viewpoint of safety, setting forth, but not limited
1o, & description of:

1. the quantity of radioactive material released to
the environs;

2. all accidents involving significant exposures,
spills, or leaks,

3. unscheduled avtomatic activation of the con-

finement or evacuation systems;

4. non-routine operations or manipulations which
resulted in significant personnel exposures
and/or the exceeding of a reactor safety syvstem
setting.

1.4.2 Reactor Health Physicist

The Reactor Health Physicist is responsible for
assuring the safety of reactor operations from the
standpoint of radiation protection. This respon-
sibility includes the radiation monitoring and aceoun-
tability measures associated with any special nuclear
material used in the Department of Nuclear
Engineering. This individual performs such duties in-
dependently of the reactor operations group and is
responsible to and reports to the Head of the Depart-
ment of Nuclear Engineering. The duties of the Reae-
tor Health Physicist include the following:

a. Reviews and evaluates requests for reactor opera-
tions from the standpoint of radiation protection
in the manner prescribed in the Nuclear
Regulatory Commission approved reactor
operating procedures, facility license, and
technical specifications.

b. Determines exposure levels for various operations
and manipulations and also determines the ex-

posure time for the personnel involved. The Reac-

tor Health Physicist will not, except in case of

emergency, permit greater exposure to personnel

than is consistent with the provisions of Section 8

of this handbook. In this connection, the Reactor

Health Physicist reports immediately to the

Radiation Protection Office any exposure in

which a person or persons may have:

1. exceeded the weekly maximum permissible ex-
posure of 100 millirems in any seven-day
period;

2. received as much as the weekly permissible ex-
posure in any 24-hour period,

3. or for the case of persons under 18 years of age,
resvived as much as ten percent of the weekly
maximum permissible exposure.

¢. Serves as an advisor for users of the reactor
facility in helping them to meet the conditions of
Section 2 of this handbook, in particular, Sections
2.1 and 2.8

d. Provides radiation safety training to faculty,
staff, students, and other personnel who utilize
the reactor facility as required under Section
2.1.1.1 of this handbook, the regulations of the
State of North Carolina, and the Code of Federal
Regulations.

e. Performs or causes to be performed a program of
reactor effluent monitoring sufficient to be able te
account for the activity in and isotopic content of
all reactor effluents as prescribed in the facility
license and technical specifications.

f. Monitors the condition of the reactor and its
designed safety features, such as the biological
shield, from a radiation safety point of view so
that it may be insured that no deterioration is tak-
ing place,

g. Warks with the Nuclear Operations Ad-
ministrator to furnish the necessary information
for preparation of the monthly reactor safety
report to the Radiation Protection Council.

1.5 Reactor Safeguards Advisory Group

The Reactor Safeguards Advisory Group consists
of four persons. Three of these persons are appointed
by the University Administration upon the recom-
mendation of the Radiation Protection Council. Such
appointments are made for three years with one ap-
pointment being made each year. Reappointment of
members is permitted. One of these persons shall be
designated as Chairman. The Associate Radiation
Protection Officer serves as the fourth member. In
this capacity, the Associate Radiation Protection Of-
ficer is a permanent, voting, ex officio member serv-
ing both as an advisor in the area of interpretation of
and adherence to Nuclear Regulatory Commission



approved reactor documents and as secretary to the

p.

The Reactor Safeguards Advisory Group serves as
a permanent advisory committee to the Radiation
Protection Council to review those phases of reactor
operations including experimental uses for which the
Council requires the Group's particular expertise.
The Group also serves a function which is indepen-
dent of the Council in that it must conduct objective
appraisals of reactor procedures and operations.
These appraisals are to be performed at least every

six months. The results of these investigations are W
be reported to the Nuclear Operations Administrator
and to the Council at its next meeting. At the discre-
tion of the Group, specialists from other universities
und outside establishments may be invited to assist
in these appraisals.

Reference is also made to the current technical
specifications and facility license for the reactor
which further define the functions of the Reactor
Safeguards Advisory Group.



SECTION 2 APPLICATION FOR USE, PROCUREMENT, UTILIZATION, AND
DISPOSAL OF RADIOACTIVE MATERIALS AND/OR 10NIZING
RADIATION PRODUCING DEVICES

2.1 Application for Use

With the exception of the provisions of Section
2.1.6 of this handbook, application for permission to
obtain and/or utilize materials or devices which emit
ionizing radiation shall be made by completing Form
RPO-1. (For reference a copy of this form is included
as Appendix A to this handbook; forms to be submit-
ted may be obtained fromn the Radiation Protection
Office.) The application procedure should be as
follows:

a. Contact the Radiation Protection Officer and/or
the Associate Radiation Protection Officer to
arrange for a meeting to discuss the proposed
work and to allow for the inspection of the in-
tended laboratory or space where the work is to be
performed. This meeting serves the purpose of
allowing the Radiation Protection Officer to
hecome familiar with the proposed work, to ren-
der any guidance and assistance which may be
useful in planning the proposed work, and if
necessary, to inform the applicant of any special
steps which may need to be taken to prepare for
the use of ionizing radiation. This includes such
Hems as training of personnel, modification of
laboratory facilities, or addition of new equip-
ment such as the installation of a radiochemical
fume hood. Finally, detailed instructions will be
provided for completing the project application
form and any questions the applicant may have
with respect to the required information will be
answered,

b. Submit the original plus four copies of Form
RPO-1 along with any supplementary material to
the Chairman of the Radiation Protection Coun-
cil. The permanent mailing address of the Radia-
tion Protection Council is the same as that of the
Radiation Protection Office; therefore, the
material should be mailed or delivered to Room
214 David Clark Laboratories which is located on
Brooks Avenue on the North Carolina State Uni-
versity eampus. The project application will he
placed on the meeting agenda for consideration by
the Radiation Protection Council as per Section
2.1.7 of this handbook

2.1.1 Projeet Personnel

The project application (Form RPO-1) requests in-
formation regarding those personnel who are to
utilize radioactive materials and/or ionizing radia-
tion producing devices under the proposed project.

The project application must first of all name the
Authorized User in Charge. A full description of the
responsibilities of this individual is given in Section
1.3 of this handbook “To summarize, the Authorized
User in Charge has the responsibility for insuring
that the work with radioactive materiels and/or
ionizing radiation producing devices conforms to the
description of use as stated in the approved project
application and to the appropriate sections of this
handbook. Further, the Authorized User in Charge
must be a permanent faculty or staff member of
North Carolina State University. The experience of
the Authorized User in Charge as it relates to the
utilization of ionizing radiation is requested on the
application form; this information provides the
Radiation Protection Council with the basis for deter-
mining if the applicant has the experience and ability
to cope with the hazards involved in the particular
application.

Certain data iz required for all personnel who will
he working under the proposed project including each
person’s name, age, and previous exposure history,
With the exception of those limitations listed under
Section 3.1.1.8 of this handbook, any faculty member,
staff member, student of North Carolina State Uni-
versity, or other specially authorized person, who has
received proper training and orientation in the use of
ionizing radiation, may be included in the list of proj-
ect personnel. The Authorized User in Charge must
keep this list current and insure that all project per-
sonnel are properly trained. The project personnel
list is to be updated at least every calendar quarter on
a form supplied by the Radiation Protection Office.

2.1.1.1 Personnel Training

In order to guarantee effective compliance with the
procedures and requirements listed on the approved
project application and in this handbook, the Radia-
tion Protection Office shall provide general instrue-
tion with regard to radiation hazards, contamination
hazards, and protective methods to personnel work-
ing with radioactive materials and/or ionizing radia-
tion producing devices. This instruction shall take
place directly in the laboratory and also during for-
mal training sessions conducted by the Radiation
Protection Office. Such training sessions are nor-
mally held at the beginning of each academic term
and at other times as special needs may arise,

Additional training for persons utilizing the
nuclear reactor facility will be provided by the Reac-
tar Health Physicist. This training will be sufficient



to meet the conditions of the facility license and ap-
propriate federal regulations and will cover such
items as response to emergency situations.

The Authorized User in Charge has the ultimate
responsibility for insuring that project personnel are
properly trained in radiological safety. This respon.
gibility includes insuring that all project personnel
are scheduled for training sessions as provided by the
Radiation Protection Office and insuring that each
person is familiar with the approved project
procedures. The Authorized User in Charge must
further insure that each user is proficient in the
manipulative techniques which are associated with
the work including the operation of various pieces of
specialized equipment.

Appendix C to this handbook provides a partial
listing of publications on regulations, standards, and
principles of radiation protection. Users should
become familiar with the contents of these publica.
tions as they apply to their specific work

2.1.2 Unsealed Sources of Radioactive Material

An unsealed source of radioactive material is one
with which physical contact may be made to dilute,
mix, sub-divide, or otherwise manipulate the source.
Radioactive material in a screw-cap vial or other
similar sample holder is considered unsealed.

When making application for permission to obtain
and use radioactive material in the unsealed form,
the applicant will set forth clearly the radioactive
material desired, the maximum quantity for posses-
sion, the description of use, and the final disposition.
This information is supplied by completing Section
8.1 of the project application form RPO-1. The sup-
plementary sheet RPO-1(8), which appears as Appen-
dix B to this handbook, lists as a minimum that infor-
mation which must be supplied to deseribe the use of
the unsealed radioactive material. The information
requested by RPO-1(8) includes a deseription of the
work areas, storage areas, manipulations to be per-
formed, handling procedures, duration of work, and
quantity of radioactive waste; other information
which provides insight into the radiological safety
aspects of the work should also be attached

2.1.3 Sealed Sources of Radioactive Material

A sealed source is one which has been encapsu-
lated in an impervious shell or jacket such as stain-
less steel which has been welded or otherwise per-
manently sealed closed. The integrity of the souree
seal must be of such quality that when leak tested,
the amount of removable contamination does not ex-
eeed limits specified in the University's Radioactive
Material License, Examples of sources which are
usually sealed are radium, Cobalt-60, and Cesium-137

gamma calibration sources. Polonium-210,

Plutonium-239, and Americium-241 are usually un-

sealed sources when used as alpha emitters, but they

may be sealed when mixed with beryllium and used
as neutron and/or gamma sources.

An applicant for the use of a sealed source of
radioactive material will provide the same informa-
tion described in Section 2.1.2 of this handbook. The
information supplied in this case, however, must ob-
viously give emphasis to the description of the exter-
nal radiation hazards and the technigues used to
reduce these hazards to acceptable levels, A full
description of the material used for the source seal
and the method used for making the seal (i.e. type
weld, application of epoxy resins, etc.) must be sup-
plied for each sealed source. A detailed drawing of
the source is also required.

For large sealed sources, such as commercial or
pool type irradiators that are capable of generating
very high dose rates, the following information must
also be supplied:

a. a full deseription of the de=ign of the facility in-
cluding an analysis of the sdequacy of the
shielding material,

b, & full deseription of the location of the facility in-
cluding special features such as safety interlocks,

¢ the operating procedures inciuding & description
of operational features which are intended to
make the unit failsafe, and

d. an analysis of the consequences of the various
emergencies which can be postulated along with a
statement of actions which will be taken to
mitigate these emergencies,

Under some cireumstances sources may meet all
the conditions of being sealed; however, by the very
nature of their intended nse, the seal is made very
thin to allow passage of low energy or particulate
radiation through the seal. In this case, the source
handling procedures, particularly those related to
protection of the fragile seal, become very important
and must be addressed in detail in the project ap-
plication. Considerations of internal exposure also
become very important for uses of this type of sealed
source hecause of the potential for loss of seal in-
tegrity and the resultant spread of contamination

2. 1.4 lonizing Radiation Producing Devices

lonizing radiation producing devices are those
which emit ionizing radiation due to difference of
potential but not by decay of radioactive material.
Application for permission to use such a device is
made by submitting Form RPO-1 (Appendix A to this
handbook) to the Radiation Protection Council. Sec-
tion 8.2 of the application form is in two parts,
namely X-Ray Machines and Accelerators. Specific
characteristics of the device to be used are provided




by completing the appropriate part of Section 3.2 of
the application form.

Section 3.2.1 of the application form lists the infor-
mation required for making application for use of an
x-ray machine. In most cases this information will be
sufficient; however, uses of the machine in a non-
standard or untried manner may require additional
information which will be defined by the Radiation
Protection Officer at the time of the initial contact in
the application process.

As indicated on the application form, devices which
produce x-rays as a by-product, such as plasma
devices, electron microscopes, ete., are covered by the
vegulations in this handbook. If questions exist as to
whether a piece of equipment is to be considered as a
source of x-rays when in use, the Radiation Protec-
tion Officer shouls be contacted.

Section 8.2.2 of the application form lists the infor-
mation required for making application for use of a
particle accelerator. Any additional information
which may be required will be defined by the Radia-
tion Protection Officer at the time of the initial con-
tact for application for use. In this connection, it is
advisable to consult the Radiation Protection Officer
early in the planning stages for the use of these
devices to provide for the greatest possible
radiological safety input and to avoid costly changes
or backlitting at a later date.

2.1.5 Nuclear Reactor Facility

Utilization of the nuclear reactor must be in con-
formity with all the conditions of the Nuclear
Regulatory Commission reactor facility license and
the various documents which support this license,
most specifically, the technical specifications. The
operation of the reactor in the standard and
presceribed manner merely as & means to generate a
neutron field of known magnitude is inherently per-
mitted under the facility license. However, any
proposed operation of the reactor in a new and un-
tried manner must receive all of the reviews as
prescribed in the technical specifications and ul-
timately be approved by the Radiation Protection
Council before being performed. A request to per-
form reactor operations of this type is made by com-
pleting the appropriate sections of Form RPO-1 (see
Appendix A to this handbook) After completion, the
application form is submitted to the Nuclear Opera-
tions Administrator and other appropriate Depart-
ment of Nuclear Engineering personnel for review as
required by the technical spocifications. The Nuclear
Operations Administrator will transmit the proposal,
along with any recommendations which have result-
ed from this review, to the Chairman of the Radiation
Protection Council. For certain uses, approval of the
Nuclear Regulatory Commssion will be required; the

Radiation Protection Council will determine when
this level of approval is necessary.

The application form does not specify the detailed
information which is to be submitted in support of a
given proposed reactor use. These details will be
specified or determined in consultation with the
Nuclear Operations Administrator and/or the Radia-
tion Protection Officer at the time the request for ap-
proval is actually being prepared. As a minimum,
however, this description of reactor use must provide
an analysis of the extent to which such & use may
cause the operational parameters of the reactor to ap-
proach limiting values or the extent to which uncon-
trolled releases of radioactivity may oecur. The
safety precautions which shall be instituted to
mitigate these effects must also be deseribed.

The use of the reactor to produce certain radioac-
tive materials which are then to be used under an ap-
proved radioactive materials project is permitted un-
der approval previously obtained by the Department
of Nuclear Engineering. A full discussion on the re-
quirements for receipt of such materials is covered in
Section 2.2.4 of this handbook.

216 Exempt Quantities and Exceptions to the
Application Procedure

Certain uses of radioactive material because of the
guantity and form of the material involved and/or
the experience of the user are exempt from the ap-
plication procedures previously discussed in this
handbook. These exemptions are:

a. For users with experience in using radioactive
materials under a previously approved project,
the Radiation Protection Officer may grant ap-
proval for:

1. The procurement and use of any beta and/or
gamma emitting radioactive materials covered
by the following table.

Shoctive Nek-ie
i greater than one year

A.uu_u_lmmny
100 x Maximum Permissible

il. greater than 30 days
but less than one year Body Burden or five milli-

iil. less than 30 days
curies. whichever s smaller

The procurement and use of up to 68 kg of

natural uranium and thorium compounds.

3. The transfer cf responsibility for existing pro-
Jeets between approved Authorized Users in
Charge

4. The transfer of radioactive materials between
approved projects

Such approvals as are granted by the Radiation

Protection Officer are recorded and then reported

"




at the next meeting of the Radiation Protection

Council.

b. The Radiation Protection Council hereby grants
approval to any faculty member ot staff member
of North Carolina State University to obtain and
use radioactive materials in the quantities listed
below without the prior approval of the Council or
the Radiation Protection Officer:

1. Unsealed beta and/or gamma emitting
radioactive materials in quantities not ex-
ceeding one microcurie.

2. Unsealed alpha emitting radioactive materials
in quantities not exceeding 0.01 microcuries.

8. Natural uranium and thorium compounds for
use as analytical reagents in quantities not ex-
ceeding 0.01 microcuries (purchase of stock
guantities of such compounds to be possessed
by departments for dispensing must be cleared
with the Radiation Protection Officer).

Even though the use of these materials is exempt

from prior approval by the Radiation Protection

Council, the procurement of these materials must be

coordinated with the Radiation Protection Officer as

per Section 2.2 of this handbook; and further, the use
of such materials must be conducted in & manner con-
sistent with the radiological safety considerations as
are presented in Section 2.8 and Section 3 of this
handbook. Also, when such radioactive materials are
no longer of use, they must be turned over to the

Radiation Protection Office for disposal as radioac-

tive waste.

2. 1.7 Review and Approval of Project Application

After completion, the application for permission to
use radioactive materials and/or ionizing radiation
producing devices is transmitted to the Radiation
Protection Office (214 David Clark Laboratories). The
application is next reviewed in detail by the Radia-
tion Protection Officer. Even though the Radiation
Protection Officer will be fumiliar with the proposed
work due to interaction with the applicant during the
planning stages, the applicant may at this point be
requested to provide additional information or to per-
form “cold run” operations under the Radiation
Protection Officer's supervision so that the adequacy
of the proposed handling procedures can he deter-
mined. The Radiation Protection Officer will make a
formal recommendation with regard to granting or
denying approval and may attach recommended con-
ditions or stipulations regarding the use if such is
judged to be necessary. The application is trans-
mitted to the Radiation Protection Council member:
for their review and formal consideration at the next
scheduled Council meeting. The Chairman may call a
special meeting to consider this request if cir-
cumstances warrant this action.

Radiation Protection Council approval of any
proposed usage of radioactive materials and/or joniz-
ing radiation producing devices will be based on the
adequacy of the safety measures to be exercised.
Three principal factors are considered by the Council
in evaluating the adequacy of the safety provisions in
a proposed usage: (i) the experience and ability of the
applicant to cope with the hazards involved in the
particular application, (ii) the adequacy of the
facilities and equipment for the proposed usage, and
(iiis the thoroughness and attention given to safety
precautions in the proposed experimental manipula-
tions and disposal technigues.

The Council may request additional information,
special tests, or trial runs which may be necessary to
confirm the adequacy of the radiological safety
precautions. The Council may also specify further
safety measures or otherwise condition its approval
for certain types of operations and for particular
projects.

The Council has final judgment as to the approval
of an application for the use of radioactive materials
and/or jonizing radiation producing devices. Ap-
proval of the application for use requires a two-thirds
majority vote of the Council. In making its decision,
e Couneil is guided by the report of the Radiation
Protection Officer as to the radiological risks and
havards involved and the procedures designed to
minimize these risks and hazards.

The University dues not have authority to approve
the utilization of radioactive materials wherein
liuman subjects are involved or experiments which
result in the widespread distribution of radioactive
materials. In these cases approval must be obtained
from the State of North Carolina through the Radia-
tion Protection Section of the Division of Facility Ser-
vices ana/or the Nuclear Regulatory Commission.

The applicant will be notified by the Radiation
Protection Office whether the application for use is
approved or not approved. If the application for use is
not approved, the Couneil will indicate the additionel
information to be supplied and/or the additional
safety measures which must be included in the ex-
perimental procedures so that the application may
receive further consideration. If approved, a project
number will be assigned and the applicant will
receive 4 copy of the approved application form along
with any stipulations or conditions of approval. The
method by which changes and amendments to ex-
isting projects may be effected is discussed fully in
Section 2.1.9 of this handbook

2.1.5 Establishment of Radiation Monitoring
Program in Laboratory or Place of Work

After an application for the use of radioactive
materials and/or ionizing radiation producing




devices is approved, the Radiation Protection Office
institutes the necessary radiation surveillance ac-
tivities to insure the continued safety of both the
laboratory personnel anc the general University pop-
ulation. The actual monitoring act'vities will depend
on the type and level of use; as a minimum, however,
the Radiation Protection Office will perform the
following:

a. Post, mark, or otherwise delineate the work space
as &n area set aside for utilization of radioactive
raterials and/or ionizing radiation producing
devices.

b. Post copies of certain license required documents
such as “Notice to Employees” signs in the work
space. This notice informs employees working in
this area of regulations under which radioactive
materials and/or ionizing radiation producing
devices are being used and the rights of such em-
ployees to inspect all license documents.

¢. Post any emergency procedures which may be re-
quired and insure that operating procedures for
ionizing radiation producing devices are posted

d. Provide the user with specially marked contain-
ers for the radiomctive wasies that will be
generated. This includes liguid and solid waste
continers. Biological wastes and any other
spec.  forms of wastes will be handled on a case-
by-case basis in a manner most suitable to the
particular needs of a given laboratory.

e. Provide personnel monitoring devices for all users
where appropriate and institute bioassay pro-
cedures or other internal dosimetry procedures
where applicable.

f. Commence a program of routine, periodic radia-
tion monitoring for control of contamination and
radiation levels in all work spaces.

g Evaluate the performance of fume hoods used in
work with radioactive materials on a periodic
basis to insure that these hoods continue to
operate in the manner which is adequate to
provide the intended safety function.

h. Provide the necessary documents and forms to the
Authorized User in Charge so that the radioactive
materials inventory and list of project personnel
may be kept current.

2.1.8.1 Classifications of Laboratories

The laboratory or work space wherein radioactive
materials and/or ionizing radiation producing
devices will be used shall be classified according to
the quantity of radioactive materials to be used or the
level of radiation which will be generated in the area.
Caution signs, labels, and markers, as defined below,
will be used to classify such areas.

Restricted Area—any area to which access is con-

trolled for the purpose of protection of individuals
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from exposure to ionizing radiation and radioactive
materials.
Radiation Area—any area accessible to in-
dividuals in which there exists radiation at such
levels that & major portion of the body cculd
receive in any one hour a dose in excess of five
millirems or in any five consecutive days a dose in
excess of 100 millirems,
High Radiation Area—any area accessible to in-
dividuals in which there exists radiation at such
levels that a major portion of the body could
receive in any one hour # dose in excess of 100
millirems.
Airborne Radioactivity Areas (1) any room, en-
closure, or operating area in which airborne
radioactive material exists in concentrations in
excess of the amounts specified in Appendix A,
Table 1, Column 1, Part C of the North Carolina
Regulations for Protection Against Radiation; or
(i1) any room, enclosure or operating area in which
airborne radioactive material exists in concentra-
tions 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 Ap-
pendix A, Table 1, Column 1, Part C of the North
Carolina Regulations for Protection Against Radia-
tion.
Caution—Radioactive Materials— (1) each area
or room in which any radioactive material, other
than natural uranium or thorium, is used or stored
in an amount exceeding the quantity of radioactive
material specified in Appendix B, Part C of the
North Carolina Regulations for Protection Against
Radiation shall be conspicuously posted with a sign
or signs bearing the radiation caution symbol and
the words “Caution— Radioactive Materials;" or (ii)
each area or room in which natural uranium or
thorium is used or stored in an amount exceeding
100 times the quantity specified in Appendix B,
Part C of the North Carolina Regulations for
Protection Against Radiation shall be posted with
a sign or signs bearing the radiation caution sym-
bol and the words “Caution—Radioactive
Materials”
Laboratories may be classified further as to the level
of radioactivity to be utilized in the laboratory or
work space. The three classifications which follow
specify the type of laboratory equipment which must
be available for use of a given level of radioactive
material.

215 1.1 Low Level Laboratories

Special laboratory facilities will generally not he
required when the total amount of activity of a single
radioactive material being used at any time does not
exceed the value given in Appendix B, Part C of the



North Carolina Regulations for Protection Against
Radiation. For a mixture of radioactive materials,
the limiting value shall be calculated according to the
method outlined in the North Caroling Regulations
tor Protection Against Radiation. Although special
facilities will not always be mandatory for low level
laboratories, the usual good practices applicable to all
radioactive material laboratories as are described in
Section 2.8.1 of this handbook shall be implemented.
For example, use of the laboratory shall be limited to
those persons and to the specified conditions in-
dicated in approved projects; the no smoking, eating,
or drinking rule shall be observed; pipetting by
mouth is forbidden; ete. In addition, the standard
equipment necessary for all radioactive material
handling operations, such as protective gloves, stain-
less steel trays, and appropriate monitoring equip-
ment shall be employed.

Usually one wishes to procure an amount of a
radioactive material that is in considerable excess of
the quantity that will be used at any one time. When
the amount procured is greater than that allowed for
use in a low level laboratory, the initial dilutions and
separations into aliquots shall be made in a fume
hood approved for radioactive work. Three ways in
which this can be accomplished are: (i) the user can
borrow hood space from another staff member work-
ing with radioactivity; (ii) the user can request the
Radiation Protection Office to arrange for the use of
a hood; (iii) the user can request the Radiation
Protection Office to perform the imtial dilution

218 1.2 Intermediate Level Laboratories

When the amount of activity to be used exceeds the
values given in Appendix B, Fart C of the North
Carolina Regulations for Protection Against Radia-
tion, operations shall center in a high quality fume
hood. The hood surfaces shall be easily decon-
taminated or should be considered expendable. A
negative pressure shall be maintained in the ducts
whenever the spread of contamination is to be
avoided and the output of the blower shall be
arranged so as not to present a hazard to others.

The average concentration of activity at the blower
output shall not exceed the following conditions
a. For releases taking place over a time not exceeding

24 hours:

1. 500 times the unrestricted area maximum permissible
concentration value for radioactive materials with hali-lite
of one day or less;

2. 300 times the unrestricted area maximum permissible
concentration value tor radioactive materials with hall-life
of seven days or less:

3. 50 times the unrestricted aree maximum permissible
concentration value for radioactive materials with half.
life of 30 days or less;

4. 10 times the unresiricted area maximum permissible con-
centration value for radioactive materials with hall-lite
greater than 30 days.

b. For releases averaged over a year, the corventra-
tion shall not exceed the unrestricted area max-
imum permissible concentration value.

The laboratory should be a high-grade chemical
laboratory with non-absorbent or disposable working
surfaces, non-absorbent floor coverings, and non-
absorbent wall surfaces that are easy to decon-
taminate.

Additiona) procedures and eguipment necessary
for maintenance of radiological safety may be recom-
mended for project applications wherein inter-
mediate level type work is to take place.

21818 High Level Laboratories

Each particular use of a large quantity of radioac-
tive materials will require specially designed
facilities and equipment for which general deserip-
tions are not available. Each such use will receive
detailed consideration by the Radiation Protection
Council

2.1.9 Amendment to Existing Projects

If & user wishes to perform work under an existing
project which in effect alters the scope of the project
1o the extent that new radiological risks and hazards
may he generated, then the Authorized User in
Charge must send & written project amendment re-
quest to the Radiation Protection Officer for review.
If the scope of the amendment falls within the condi-
tions for approval specified under Section 2.1.6 of this
handhook, the amendment request may be approved
directly by the Radiation Protection Officer. Such ap-
provals are recorded and then reported at the next
Radiation Protection Council meeting.

If the amendment to the project involves the use of
quantities of radioactive materials in excess of those
specified in Section 2.1.6 of this handbook or if the
proposed change to work involves new handling
techniques or modes of use which are untried, then
this amendment request will be treated in the same
manner 48 & new application for use and go before the
Radiation Protection Council for consideration.

20,10 Review and Updating of Existing Projects

In addition to the on-going radiation surveillance
activities in the various laboratories, a conference
will be held at least every three years between the
Radiation Protection Officer and the Authorized
User in Charge of eack roject to review and evaluate
the work being yerfor=_q to insure that the state-
ments and conditions as specified on the approved
project application form are still being followed. An
assessment will be made during this conference as to
whether minor changes which may have occurred in
the project work have in effect rendered the project




80 altered as to justify the submission of a project
amendment request.

2111 Changes to the Nuclear Reactor Facility
and Nuclear Reactor Operating Pro-
cedures

Permission to operate the reactor in a standard and
prescribed manner merely as & means to generate a
neutron field of known magnitude is implied in the
granting of the facility license by the Nuclear
Regulatory Commission. However, consistent with
Nuclear Regulatory Commission rules as found in
Title 10, Part 50 of the Code of Federal Regulations
and the reactor technical specificiations, changes to
the reactor and/or the reactor operating procedures
are to take place only with the prior approval of the
Radiation Protection Council. Any new reactor
operating procedures which may be generated must
also be approved by the Radiation Protection Council
prior to their enactment. It is the responsibility of the
Nuclear Operations Administrator to transmit such
proposed changes to the Radiation Protection Council
for approval.

The reactor technical specifications allow for a
degree of flexibility to be exercised as the need arises
for making minor changes to the reactor operating
procedures and reactor facilities. In this regard, the
Nuclear Operations Administrator may, without
prior Radiation Protection Council consideration, ap-
prove temporary changes to the reactor operating
procedures whien do not change the original intent of
the procedure. In this same regard, certain minor
changes to the reactor facility which are not safety
significant may be made without prior Radiation
Protection Council approval provided such changes
have been approved by the Nuclear Operations Ad-
ministrator and the officially designated internal
Department of Nuclear Engineering technical review
group. Such temporarily approved procedural and
facility changes must be fuliy documented and subse-
quently reviewed by the Radiation Protection Council
for permanent approval

Section 2.1.5 of this handbook gives a full discus-
sion of those actions which are necessary to allow
utilization of the nuclear reactor in new and
previously unreviewed ways

2.2 Procurement

The Radiation Protection Council has established
control procedures associated with the procurement
of radioactive materials and/or ionizing radiation
producing devices. Such controls are necessary to in-
sure that ali the conditions of the various licenses
held by the University are met. These controls cover
the procurement of such materials from off<campus
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vendors as weli as those which may be produced at
the nuclear reactor facility for use elsewhere on
campus.

2.2.1 Reguirements to be Met

The procurement of all radioactive materials
and/or ionizing radiation producing devices in guan-
tities however small is subject to the conditions as
specified in this section of the handbook. The pro-
posed user of such materials or equipment in excess
of the exemptions listed in Section 216 of this
handbook must have acquired a project number from
the Radiation Protection Council prior to ordering
such materials. A cooperative arrangement has been
established between the Purehasing Department and
the Radiation Protection Office to insure that these
requirements are met before such materials or equip-
ment are ordered.

The Radiation Protection Officer will make every
effort through interaction with the various depart-
ments and offices on campus 1o be aware of the ac-
quisition of any materials or equipment from outside
the normal purchasing channel such as through
grants or gifts to the University or as equipment or
components of equipment delivered as & part of a con-
tracted building modification or equipment
installation

2.2.2 Processing of Purchase Requisitions

4 Radioactive Macerials: In addition to the infor-
mation which is normally required by the
Purchasing Department, a purchase requisition
for the procurement of radioactive material(s)
must:

1. have the “SHIP TO" section completed as
follows:

2. be sent directly to the Radiation Protection Of-
fice where it will be determined if the order
falls within the scope of approval of the ap-
propriate radioactive materials project or if it
is permitted under Section 21.6 of this
handbook as an exempt quantity of material. If
the material being ordered meets either of
these conditions, the purchase requisition will
be stamped approved and signed by the Radia-
tion Protection Officer or Associate Radiation
Protection Officer. The Purchasing Depart-
ment will not process purchase requisitions for



radioactive materials which have not been

stamped as approved by the Radiation Protec-

tion Office. Furthermore, the use of the NO

PURCHASE ORDER policy using direct pay-

ment authorization is not permitted for use in

ordering radioactive materials.

8. After approval, the Radiation Protection Office
will send the requisition to the Purchasing
Department.

b lonizing Radiation Producing Devices:
Purchase requisitions for the acquisition of ioniz-
ing radiation producing devices or equipment
must be sent to the Radiation Protection Office
after preparation. If the device being ordered
corresponds to that described in the approved proy-
ect, the requisition will be stamped approved and
signed by the Radiation Protection Officer or the
Associate Radiation Protection Officer. After ap-
proval, the Radiation Protection Office will send
the purchase requisition to the Purchasing
Department. It is not necessary to have such
devices or equipment shipped directly to the
Radiation Protection Office but that office must
be notified when the equipment arrives. Further-
more, the equipment must not be installed or used
until it has been surveyed by the Radiation
Protection Office and until all the safety precau-
tions as specified in the approved project have
been instituted.

It will occasionally be necessary to order the
components of a large piece of ionizing radiation
producing equipment in various phases and over
an extended time period; under these cir-
cumstances, it is not required that each requisi-
tion be routed through the Radiation Protection
Office.

2.2.3 Receipt of Radioactive Materials

Upon receipt of the radioactive material shipment,
the Radiation Protection Office will measure the
radiation level from the package and check to insure
that the package is not contaminated. The material
will be logged in against the radioactive material in-
ventory for the appropriate project. The material will
be delivered to the laboratory and the users will be
appraised of any special handling considerations
which have been discovered in the process of survey-
ing the shipment. The material must be signed for by
one of the authorized project personnel.

2.2.4 Acquisition of Radioactive Materials from
the Nuclear Reactor Facility

To the extent that a production mode exists,
radioactive materials may be produced in the nuclear
reactor facility for use in approved work. The person

requesting the production of such material must sup-
ply the reactor operations personnel with the ap-
proved project number for the use of such material.
The user may receive the material directly from the
reactor after the reactor personnel have performed
the appropriate monitoring checks and determined
that the material may be safely handled. The reactor
personnel will notify the Radiation Protection Office
wheén the material has been transferred to the user.

2.2.5 Transfer and/or Shipment of Radioactive
Materials

As indicated in Section &.1.6 of this handbook, the
transfer of radioactive materials between approved
radioactive materials projects is permitted with the
approval of the Radiation Protection Officer. The
transfer cannot take place until a radioactive
material transfer form has been executed. This form
must bear the signature of the transferor, the
transferee, and the Radiation Protection Officer. The
radioactive material to be transferred shall be placed
in double containers which are free from surface con-
tamination and shielded when necessary. The Radia-
tion Protection Office may at its discretion survey
such containers before the transfer takes place.

Off-campus shipments of radioactive materials
may take place snly with the approval of the Radia-
tion Protection Officer or other person specifically
designated by the Radiation Protection Officer. The
shipper of such materials must furnish verification
that the consignee has a current license to receive the
shipment. The shipper is responsible for packaging
such materials in accordance with all applicable state
and federal regulations, for the cost of shipping the
material, and for delivering the package to the post
office or commercial shipping company. The Radia-
tion Protection Office will perform a radiation survey
of the package prior to shipment, certify that the
package meets all applicable shipping requirements,
and delete the material from the appropriate inven-
tory sheet.

2.3 Utilization

The Radiation Protection Council requires
adherence to the procedures and regulations listed in
this section of the handbook regarding utilization of
radioactive materials and/or ionizing radiation
producing devices. The procedures and regulations
are to be considered as the minimum requirements
for insuring radiological safety; additional require-
ments may be specified for particular uses as the
Radiation Protection Council may deem necessary.



2.5.1 Radioactive Materials

Procedures for handling, storage, and disposal of
radioactive materials are presented in the following
sub-sections.

2.3.1.1 Handling Procedures

Radioactive material handling procedures refer to
the use of protective clothing, special manipulative
techniques, specialized equipment, and monitoring
devices to guard against excessive personnel exposure
and the spread of radioactive contamination.

The user is referred to the North Carolina Regula-
tions for Protection Against Radiation, in particular,
Part C, Standards for Protection Against Radiation.
These regulations establish standards which must be
followed in handling radioactive materials, prescribe
limits which govern exposure of personnel to radia-
tion, establish allowsble concentrations of radioac-
tive material which may exist in the work environ-
ment or which may be discharged into the air and
water, establish the conditions for disposal of
radioactive waste, and establish certain
precautionary procedures and administrative con-
trols. Unless otherwise stated in this handbook, users
of radioactive materials and/or ionizing radiation
producing devices at North Carolina State Univer-
sity are expected to comply with the standards and
regulations provided in the North Carolina Regula-
tions for Protection Against Radiation. As future
amendments or modifications of these regulations
become official, they will also apply to users st North
Caroling State University unless more restrictive
regulations are provided by the Radiation Protection
Council,

Up-to-date copies of the North Carolina Regula-
tions for Protection Against Radiation are available
for inspection in the Radiation Protection Office, 214
David Clark Laboratories. If the need arises, copies of
these regulations will be distributed to Authorized
Users in Charge.

2.3.1,.1.1 Contamination Control

Atteniion is called to the difference between
external and internal hazards from sources of ioniz-
ing radiation. Radiation that is external to the body
can be readily measured and evaluated. The exposure
may be reduced to acceptable values by decreasing
the time of exposure, introducing appropriate
shielding and/or increasing the distance from the
source. The internal radiation hazard is much more
subtle and, unfortunately, much maore probable in
terms of general use of radioactive materials. Limita-
tion of the quantity of material to be used cannot in
all cases control internal radiation hazard because
the smallest useful quantity may still be extremely

14

hazardous, for example, one microgram of
Strontium-90 represents about 100 maximum per-
missible body burdens. Furthermore, once such
radioactive materials become fixed within the body,
they are difficult to measure and little can be done to
improve the hazard situation. Therefore, meticulous
care is required to avoid the deposition of radi-
onuclides within the body by minimizing their en-
trance. To this end the contamination control
procedures listed in this section of the handbook have
been established.

2011 1.1 Protection of Personnel

a. A primary method of protection of personnel from
contamination is through the use of protective
clothing. The type of protective clothing and ex-
tent to which such protective clothing is required
is ultimately defined by the type and level of use
of radioactive material. Special protective
clothing needs such as the use of coveralls, hoods,
shoecovers, and/or respirators will be specified in
the approved project or as a direet instruetion
from the Radiation Protection Officer whenever
airborne radioactivity or high level operations are
involved. As a minimum, however, gloves and lab-
coats are reguired when unsealed sources of
radioactive materials are being used and the
probability of “adioactive contamination is high.
Further, rubber or vinyl type gloves shall be worn
when handling open vessels containing radioac-
tive materials or when handling any equipment
where liquid contamination may be present or
where contaminated dust might filter through a
cloth glove. These gloves are to be cleaned, if prac-
tical, before removal, and all gloves and labcoats
are 1o be stored and handled so as to prevent con-
tamination of the inside surfaces.

h. The pipetting by mouth of liquids containing ap-
preciable radioactivity is forbidden. The term “ap-
preciable” in this connection is taken to include all
radioactivity other than naturally occurring trace
amounts such as are present in tap water.

¢. No work with long-lived alpha and/or bheta-
gamma emitting radioactive materials in any
chemical or physical form is to be conducted by a
person having a break in the skin below the elthow.

d. All persons while working with radioactive
materials wherein hand and shoe contamination
is possible are to:

1. wash rubber or vinyl gloves before removing
from hands unless the radiation level requires
immediate removal;

2. wash hands thoroughly before eating, smoking,
or leaving work; and

3. utilize the available

radiation monitoring



equipment to assure that hands and shoes are
free of contamination.

23L1L2Y Protection of Equipment and Facilities

a. All transfers of materials between hoods and
storage areas must be performed so as to avoid
the possibility of spillage or breakage. Double con-
tainers are recommended in such manipulations,

b, Any work with materials susceptible to at-
mospheric distribution, e, dusting, spillage,
vaporizing, effervescence of solution, etc., shall be
performed in an adequate hood unless the safety
of another procedure has been established.

¢. Work areas, trays, glassware, sinks, and other
equipment which are subject to become con-
taminated must he marked with signs, tags, tape,
ete. bearing the caution radiation symbol.

d. Loose contamination will not be tolerated on ex-
posed surfaces within the general work area of the
laboratory or work space. Whenever such con-
tamination is detected by radiation monitoring
procedures, laboratory personnel will elean such
surfuces so that removable contamination levels
do not exceed 200 dpm per 100 em* for beta-
gamma activity and 20 dpm per 100 em? for alpha
activity. Radiation Protection Office personnel
will provide supervision or assistance in cleaning
operations when such cleaning operations become
extensive due to widespread contamination. Loose
ar removable contamination may be unavoidable
at times within spaces specifically marked off for
radionctive material work such as within a
radiochemical fume hood or within special equip-
ment being used in the radiation work. Such con-
taminated areas or equipment must be kept to a
minimum and will be allowed to remain in this
contaminated state only for the time necessary to
accomplish the work. In other words, such areas
or equipment will not be allowed to stay con-
taminated for long periods of time between uses
merely to avoid the effort required for decon-
tamination. Small amounts of fixed contamina-
tion may also be unavoidable at times Maximum
limits in this case are 500 dpm above background
for alpha activity and one millirem/ hour
(measured at two cm above the suface) for beta
gamma activity. After determining that the fixed
contamination falls below these maximum values,
the area should be given one or two coats of a
good, hard surface coating. The same standards of
contamination control apply to tools and equipment.

281.1.1.8 Actions to be Taken in Case of a Spill

A spill of radioactive material is considered to be
the sudden accidental loss of a significant quantity of

such material from its prescribed container, vial,
beaker, or chamber to bench surfaces, to the floor, or
to the general atmosphere of the laboratory. Such
spills are to be reported immediately to the Radiation
Protection Office. All spills are to be cleaned up
promptly. The responsibility for radiological cleaning
rests with the project personnel. Supervision and
assistance will be provided by the Radiation Protec-
tion Office for spills involving large quantities of
material. The Radiation Protection Office may
restrict access to the laboratory during cleaning
operations. Under extreme circumstances, only
Radiation Protection Office personnel may enter
such areas for cleaning operations.

201014 Intermixing of Radioactive Work with
Non-Radioactive Work

It is recognized that each laboratory cannot afford
to purchase all of the equipment commensurate with
effective research and that it is necessary to oc-
casionally use certain pleces of specialized research
euipment such as spectrophotometers and machine
shop deviees for both radioactive work and non-
radioactive work. This intermixing is allowed for
small quantities of radioactive material provided
that the person desiring to use such equipment in-
forms the users of the equipment involved in non-
radioactive work and the Radiation Protection Office.
The Radiation Protection Officer may specify safety
precautions in addition to the standard safe hand-
ling procedures to guard against the spread of con-
tamination in an uncontrolled area. Temporary cau-
tion signs and labels may be specified. The Radiation
Protection Office will perform a survey after each
use to insure that the equipment or work space has
not become contaminated. The allowable limits for
contamination in this case will be in conformity with
those specified in the following section of this
handbook
200115 Decomissioning of Laboratory or
Waork Space

When a radioactive materials project is completed,
the laboratory or work space shall not be used for
non-radioactive work until it has been thoroughly
checked and cleared by the Radiation Protection Of-
fice. The allowable limits for contamination for
decommissioning a laboratory are
8. Loose contamination detectable by smears:

1. Alphe Activity—none above minimum detectable activity

2. Bets-Gamma Activity—none above minimum detectable

activity
b. Fixed total contaminstion as detectable with s portable gas
fiow proportional counter:
1. Alpha Activity 100 dpm above background
2. Bete-Gamma Activity—200 dpm above background

The limits specified above are also applicable to the
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one microcurie may be taken off campus other than
as expressly approved by the Radiation Protection
Council or its representative

2.3.2 lonizing Radiation Producing Devices

The procedures for utilization of ionizing radiation
producing devices are designed to control the external
radaiation exposure hazards which arise from the use
of such equipment. This use must be in conformity
with all the & plicable requirements of the North
Carolina Regulations for Protection Against Radia-
tion and Section 8 of this handbook. The safety
precautions are most likely to vary considerably with
ach device to be used since conditions of use and
mack ation will tend to make each use unique

Fer t won the Radiation Protection Council re-
quires strict adherence to the provisions of the ap-
proved project for the use of such equipment. This
will include the use of shielding material, safety in-
terlocks, specialized operating procedures, etc. as
specif.ed in the approved project. Training of person-

nel in the proper radiol~aicai safety procedures is

also most important for the use of such devices; the

Authorized User in Charge of this work must insure
that such training takes place

2.3.3 Nuclear Reactor

The actual manipulation of the nuclear reactor
takes place only by operators who are licensed by the
Nuclear Regulatory Commission. These specialized
personnel operate the reactor only by prescribed,
written procedures. Access to and utilization of the
auxiliary equipment associated with the reactor such
as remote sample loading devices is permitted for
personnel who meet all the appropriate approved proj-
ect and training requirements. This access is also
controlled by procedures written specifically to ac-
commaodate the special radiation . 1d contamination
hazards associated with the use of the reactor. These
procedures are written and maintained by the Reac-
tor Health Physicist. These procedures must meet all
the applicable requirements of Title 10 of the Code of
Federal Regulations, the North Carolina Regulations
for Protection Against Radiation, and thiz handbook
and thev may be more restrictive as deemed

necessary by the Reactor Health Physicist




SECTION 3 PERSONNEL EXPOSURE CONTROL

3.1 External Radiation Exposure

This section of the handbook discusses those
measures both regulatory and procedural whict
have been established to mirimize external rad
exposure. External radiation exposure refers
exposure of personnel to onizing radiation
originates from sources external to the body. St
posure may refer to the irradiation of the whe

or any portion thereof

3.1.1. Exposure Limits
k Xperments or work invoiving the use of radioac
tive materials and/or ionizing radiation producing
devices shall be designed to meet the goal stated 1
introduction to this handbook of insuring that
0r exposure shall be no greater than that

18 warranted when the benefits from the use

p
and the associated risk are properly balanced Under
no cireumstances, however, will exposures exceed the

limits specified in the { ng subsections of ti

i 1OHOW i

handbook

3.0.1.1 Maximum Permissible Exposure Limits

As a requirement of the various licenses which are
he University no use of radi

materials or lonizing radiation producing devices

shall be conducted which can result in personnel ex

posures which will exceed the

valuer stipuiated in the
+ y . ) \ p o 4 .
North Carolina Regulations for Protection Against

Radiation, Section C.101, and/or the Code of Federa

|
Regulations, Title 10, Part 20. In this regard, the

North Carolina and federa reguiatic compati-

ble and they state that

¥. except as provided in Paragraph b. below, no licensee or
registrant shall possess, use, receive or transfer sources of
radiation in such a manner as to cause any individual in @
restricted srea to receive in eny period of one calendar quar-
ter from all sourcee of radiation in the ficensee's or
registrant’'s possession a dose in excess of the amounts

ftied in the following table

oo 9 REMS PER CALENDAR

PART OF BODY QUARTER

Whole body, heud and trunk 1.25
active blood forming organs
lens of the eyes, or gonads

Hands and forearms, feet and
ankles

3. Skin of whole body 7.5

A licensee or registrant may permit an individual in a restric-
ted area to receive a dose to the whole body greater than
that permitted under Paragraph a above, provided tha!

1. during any calendar quarter the dose to the whole body
from sources of radison in the licensee’'s or registrant’s
possession shall not exceed three rems
the dose to the whole body, when added to the ac
cumulated occupational dose to the whole body, shall not

exceed 5(n - 18) rems where “n" aquals the individual's
age in yoars at his last birthdey: and

the liconsee or registrant has determined the individual's
accumulated dose to the whole body on State of North
Carolina Form RAD H-102 or Nuclear Regulatory Com.
mission Form NRC-4, whichever is appropriate

. ; .
'he above is a current statement of the state and
federal exposure control regulations, any future
amendments of these regulations shall supersede and

Lake ;-rq-u'\!z‘b;'o over the limits stated above

3.1.1.2 North Carolina State University Ex
posure Limit

m ) & ) % ' ¢ |
'he Radiation Protection Council has established a

whaole body radiation exposure limit which 18 more

1 f

restl \ an that permitted by te and federal

sta

Under this Radiation Protection Council

dual exposures are limited to 1.25 rems

CrPOSUTYE

] { at the same tinie

Hirems may be recetved in any

irter. For purposes of defining
a week is considered to be any peri d of

consecutive dayvs

) o n P : \ ol i :
Radiation Protection Council has directed the

Officer to conduct au investiga-

Xposures which exceed this \ 1o

1 {
forn | ronart t } Badiat v i‘,- ot r
tormal report Lo the nadiation rrotection

"y r oof

finding of this investigation and the

ires taken to prevent reoccurrence. A copy ol
this report sha tached to the permanent per-
sonnel monitoring vecord of the individual

When the work to ;N'Y'f'-rY med justifies | gher ex-

I8t be obtained from

exceed the week|)

3.1.1.3 Policy on the Limitation of Exposure of
Minors




3.1.1.4 Policy on the Limitation of Exposure of persons of ‘ and places of use to in
Visitors ! ha ! n at & safe ¢ rom such

" “ ' sources (U gt 081 warning
I'he term “visitors” is used to designate & ’ k o \ 3 ¢ s)
marxKers presente in L0 Lhi
for whom personnel monitoring servic PR .
il nom p o1 | nonitoring ty handbook)
provided on a routine basis. Since the previous ex
S : & ’ . - hag ne " htained
posure history of suc h persons has not been obtained 3.1.2.1 Personnel Monitoring pr"‘".am
. ; J. 1.2,
and documented, the exposure of such persons will be
limited to 25 percent of t naximum permissible The Radiation Protectior ; conducts a

m
WeeKiy exposure mitlhl week). Visitors will be pre n of persor nel radiation monitoring which

provided with direct reading dosimeters, where ap- ists of: (1) the 1ssuance of personnel monitoring
plicable, it addition to the regular personnge nitor \ | } odic col 1 of such devices for

ing ‘1Q"\|\’" ;h'"'“'f»!"“’ f‘l.‘f the area bHeing visied ! i A4 maintenance i al !‘l‘(‘*v!'t‘.* »f‘

exposure as assessed from the monitori

3.1.1.5 Policy on the Limitation of Exposure of devices, and ) the supplying of official reports o
the General Public h exposure to the exposed persons and other agen-

‘ cies when appropriate. A whole body personnel
Or

purposes of this discussion

e etry device w he issued to any user who shall
i8 considered to be all those indivi .

r N " - N e hily be subject to penetrating whole body radiation which
general popuiation ol North Car { \ s & 3 : B \ OF

¥ | 'S an exposure ol as much as go per-

he t ini v

Sity, who ma) n the >
n WeeKly exposure (&o
sources being used on the

Y ) whenever it s deemed necessar \
Radiation Protection Counci

. .. vt _
: : Protection icer. Under some ¢1
reasonable effort be made to reduce exposures

category of individuals to an abso
that this condition 18 met
8. no projact personnal shall possess, use or transter any
radioactive malterials or lonizing radiation producing
devicos In such & mannar as 1o create in any unresiricted
area from such sources of radiation T the Radiation Protection
1. radiation levels which, it an individual were continuously : IRy e U 0 1he Radiation Froleciiot
present in the area, could result in this individual receiv- ice | nitoring service for all project
ing & dose in excess of two millirems in any one hour, or y 1" ¥ lished by
radiation levels which, if an individual were continuously 5 ) '
1iticled rsonn Monitoring Service
present in the area, could result in this individual receiv e .
ing & dose in excess of 100 millirems in any seven cor avi ) 1 | ! otection QOilice) tor each
secutive days; and furthermore 44
no project personnel shall possess, use or transfer any ; p - harge. Th
radioactive materials or ionizing radiation producing o ot lu it S SRR Ly
devices in such a manner as is likely to cause any individual wadiation cLion must also be informed
who is intermittently or continuously exposed in any un-
restricted area to receive a dose in any calendar year in
excess of 500 millirems

\Nsure
I8 responsible 1o see

submitting Form
'

filled ou

LO eXDosurt

3.1.2 Exposure Control Procedures

Responsibilities of Individual Receiving
Personnel Monitoring Service




are not to be taken home. Personnel monitoring
devices are not to be tampered with in any way. If
such devices are lost or if they appear to have been
damaged, this must be reported immediately to the
Authorized User in Charge and the Radiation Protec-
tion Office and no work is to be performed until &
replacement dosimeter device has been issued. Under
no circumstances shall an individual use a personnel
monitoring device which has been issued to another
person. Personnel monitoring devices are not to be
worn during exposure to any medical use of lonizing
radiation

3.1.2.1.2 Collection of Personnel Monitoring

Devices for Assessment of Accumulated
Dose

Personrel monitoring devices will be collected
periodically for assessment of accumulated dose. This
collection process and frequency is as follows
a. Permanent Employvees—Personnel monitoring

devices which have been ssued to permaneni

\

1 \
i

faculty and staff members will be collected
monthly and a new monitoring device wi
auvtomatically be issued
Graduate Students and Temporary Em-
ployees—FPersonnel monitoring devices which
have been issued to graduate students who are it
volved in a research program which 18 expected to
last several months or to temporary employees
will be collected monthiy and a new monitoring
device will automatically be 1ssued
Students in Laboratory Sessions—Personnt
monitoring devices w hich have been issued to stu-
dents in laboratory sessions will be coll

’

i the semester or after 13 Weeks

1

he shorter period. Monitoring

automatically be re

case | nume as a new need

Visitors-

;\Q rsot

‘oliected andad Processe <l

9 9

2.2 Medical Examinations

terminated. These blood counts will be scheduled
by the Radiation Protection Office and the results
will be maintained in the individual's permanent
personnel monitoring file

Eve Examinations—Where work involves
significant exposure to neutrons, a careful
ophthalmic examination shall be conducted every
two yvears. These examinations shall be scheduled
by the Radiation Protection Office and the results
will be maintained in the individual's permanent
personnel monitoring file

3.2 Internal! Radiation Exposure

Internal radiation exposure refers to the exposure
of personnel to ionizing radiation that originates
from radioactive material which has become
deposited in the body either by ingestion or inhala-
tion. Control of internal radiation exposure 18 guite
logically effected through minimization of the intake
of radioactive material into the body. Section 2.3.1.1.1
of this handbook lists in detail the measures to be
taken to control contamination which in turn reduces
the possibility of internal deposition. The statements
which foll in this section of the handbook refer to
the regulatory limits on concentration of radicactive
material in the air and water and des - “he the actions
to be taken, where appropriate, to measure internai

radiation dose

3.2.1 Maximum Permissible Concentration of
Radioactive Material in Air and Water

Every reasonable effort shall be made in the plan-
ning and execution of experiments using radioactive
materials to eliminate the generation of airborne or
waterborne radioactive material through the use of

us handling procedures previously discussed
in Section 2.3.1.1 of this handbook. Under no cir-

imstances, however, will radioactive materials be

used in such a way as to generate concentrations ot
ve material in air or water in excess of the
ts specified in Appendix A to Part C of the Nortl

"

na Regulations for Protection Against Radia-

oncentrations are listed
] 41 and water

general public




nel, the type of examination, and the frequency of ex-
aminations. The bioassay procedure will be conduct
ed by the Radiation Protection Office and the results
will be maintained in the appropriate personnel
monitoring file

3.2, Whole Body Counts and Internal Grgan
Scans

Where levels of radioactive material are being used
which warrant concern and where binassay

procedures cannot be used, persons so exposed will be
subjected to whole body or specific organ counting ex-
aminations. Such procedures will be performed by
the Radiation Protection Office and/or contracted for
at an appropriate medical facility




RPO-1/77 APPENDIX A

NORTH CAROLINA STATE UNIVERSITY AT RALEIGH
APPLICATION FOR PERMISSION TO OBTAIN AND/OR
UTILIZE MATERIALS OR DEVICES WHICH EMIT
IONIZING RADIATION

(Submit original plus four copies)

FOR USE BY RADIATION
PROTECTION COUNCIL ONLA

PROJECT NO
CONDITIONS OF APPROVAL
YES NO

SECTION |
TO BE USED IN

DEPARTMENT . : : BUILDING AND ROOM

TITLE OF WORK

SECTION 2
PROJECT PERSONNEI
2.1 Authorized User in Charge

o Campus Address Phone: Work

2.2 Personnel Data (Include Authorized User in Charge

2.3 Experience of Authorized User in Charge

(Deseribe previous work; include approximate dates)

Accumulated Dose




RPO-1/77
e e e e H e o e o R e M

SECTION 3
DESCRIPTION OF MATERIALS OR DEVICES TO BE USED
(Complete Appropriate Items)

3.1 Radioactive Material(s)

811

Physical Chemical
Kind Millicuries Radiutions Energy T% State Form
3.1.2 Is radioactive material to be produced at the Nuclear Reactor Facility? Yes No (if yes,

refer to Section 8.3)

3.1.3 External Hazard Evaluation

¢ Millirem/hour at | meter:

¢ Shielding required for 2.6 millirem/hour at working distance:
¢ Shielding to be used:

¢ Radiation level expected in storage place:

3.1.4 Internal Hazard Evaluation

e Critical Organ:

e Maximum permissible body burden:
e Effective half-life:

. Activity requested a
Maximum permissible body burden
. Aliguots to be used A

Maximum permissible body burden

3.1.6 Description of Use
Provide a deseription of the use of the radioactive material(s) which will include but not be limited to the infor-

mation on Form RPO-1(8) entitled “Supplemental Information Required for the Use of Radioactive Materials”
(Use additional sheets if necessary)




RPO-/TT

8.2 lonizing Radiation Producing Devices

L

3.2.1 X-Ray Machine (Include devices which produce X-rays as a by-product, such as plasma units

o Type diffraction diagnostic therapeutic other, describe

Operating characteristics Voltag: Current

Dieseribe safety interlocks
Describe location of machine (include special design features)

List monitoring equipment to be used

Attach copies of manufacturer's operating and safety instructions

2.2 Accelerator

Type

Operating characteristics: Voltage Max. beam cu

Nucleons to be acecierated

Target materials to be used

(if radioactive target materials are used, then Section 3.1 must be completed)

Radiation emitted by target material

Radiation emitted from structural components of machine or shielding material

List monitoring equipment to be used

Attach operating instructions and deseribe safety features such as interlocks

Attach a diagran of the location of the accelerator qal design features

Nuclear Reactor
The NCSU Radiation Protection Handbook lists

samples which have beer

samples are irradiated |

e




RPO/TT

SECTION 4
AFFIRMATION AND APPROVALS

[ affirm that the foregoing facts are correct to the best of my knowledge and that I shall conduct and/or super-
vise the deseribed work with full regard for the safety of those engaged in the work and of the general public. |
understand that the statements which 1 have made in this applicatic

tion, along with any conditions of approval
which may be added by the Radiation Protection Council, shall serve as the official basis for performing this

work, 1 have received and read a copy of the North Carolina State University Handbook for Protection Against
lonizing Radiation and understand that | am to abide by the policy contained therein

Signed WEL , Applicant Date

| have personally reviewed this application with the applicant, have examined the laboratory in which this work

is to be performed, (have - have not) observed a “cold” run and recommend that approval be (granted - denied)

provided that any recommendations listed below are followed

ecommendations

Signed

m ) 3 . | N . ‘A1 1 '3 7\ \ . \ { 'S \ 1 al
I'he Radiation Protection Council (grants - denies) permission to obtain and use the requested materials and
devices in the manner deseribed in this application and any conditions of approval listed below

(34} 3

Conditions of approval




APPENDIX B

SUPPLEMENTAL INFORMATION REQUIRED ALONG WITH
APPLICATION FOR PERMISSION TO OBTAIN AND L%
RADIOACTIVE MATERIALS

Wher

nished

Provide a br

|

radioactive materials are

1at an assessment of the radia-

furing the flow of the ¢ made. A typical examp |

a labeied so imental manipuiation a radioactiy ' HAS I8

'mat for indicating the protective measures
)

.
other areas where work in iving the radloactive material
s and general conaition WOrKk areas to the extent
WOrK

may

other work being

I ' it wexn t s . e i
i a4 stock solution containing a { (i parated 1into
leseribed giving the method of dilution )

to be accomyj

§ ed
Subsequent labeling

accompliished

¢




APPENDIX C

The following is a partial list of publications on regulations, standards, and principles of radiation protection

Users should become familiar with the cor tents of

{ these documents as they apply to their specific work

a. Standards for Protection Against Radiation, Code of Federal Regulations, Title 10, Part 20
b. North Carolina Regulations for Protection Against Radiation, North Carolina Statutes—G.8. 104C

¢. Reports of the National Council on Radiation Protection (NCRP Publications, P.O. Box 80175, Washington,
D.C. 20014)

No
No
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No
No
No
No
No

No
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09
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Control and Remova! of Radioactive Contamination in Laboratories
Radiological Monitoring Methods and Instruments
Maximum Permissible Body Burdens and Maximum Permissible Concentrations of
Radionuclides in Air and in Water for Occupational Exposure
Measurement of Neutron Flux and Spectra for Physical and Biological Applications
Measurement of Absorbed Dose of Neutrons and of Mixtures of Neutrons and Gamma Rays
A Manual of Radioactivity Procedures
Safe landling of Radioactive Materials
Radiation Protection in Educational Institutions
Medical X-Ray and Gamma-Ray Protection for Energies up to 10 MeV—Equipment Design and
Use
Radiation Protection in Veterinary Medicine
Protection Against Neutron Radiation
Basic Radiation Protection Criteria
Review of the Current State of Radiation Protection Philosophy
Alpha-Emitting Particles in Lungs
Tritium Measurement Techniques
Radiation Protection for Medical and Allied Health Personnel
Structural Shielding Design and Evaluation for Medical Use
Energies Up To 10 MeV
Adjunct to NCRP Report No. 49

(Full-sized reproductions of barrier requirement ¢
Environmental Radiation Measurements

of X-Rays and Gamma-Rays of

Radiation Protection Design Guidelines for 0.1-100 MeV Particle Accelerator Facilities


































