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Chapter 1
INTRODUCTION AND ORGANIZATION

PURPOSE

This Radiological Control Manual (a) outlines and prescribes the
Union Carbide Corporation's Technical Center Radiation Control Program

~and identifies responsibilities for its implementation and operation;

(b) identifies this manual as the official technical publication for
controiling the use of radioactive materials, X-ray equipment, and
other harmful electromagnetic and particulate radiation-producing
sources; and (c) identifies the functions of the Radiation Safety
Committee and Radioactive Materials Committee.

Preparation and maintenance of the Technical Center Radiological
Control Manual will be the responsibility of the Technical Center
Radiation Protection Officer. The manual will establish detailed .
policies, procedures, standards, and guidelines to be followed in -
insuring proper radiological health and safety controls, compliance
with NRC Regulations, and the capability of the Technical Center to
secure and retain those types of NRC licenses which provide the neces-
sary flexibility for operational requirements. The manual will
include but will not be limited to the following subjects:

A. Special requirements and procedures for the-acquisition, account-
ability, and control of radioactive material and radiation
devices.

- B. Functions and procedures of the Radiation Safety Committee, Radio-

active Materials Committee, and Radiation Protection Officer.

C. 'Radiological safety procedures and radiation monitoring.

D. Procedures for securing approval of work involving the use of
ionizing radiation, including user requests, licenses from NRC,
and spec1a1 work permits.

SCOPE
This manual is dpp]icab]e to all Technical Center operations,

including contractor operations that involve the use of radioactive
material or radiation-producing devices. _

. OBJECTIVES

The primary objectives and required uses of this manual afe to:
A. ensure against excessive and unnecessary exposure of personnel
to harmfu] rad1at1on,

B. prevent contamination of equipment, materials, and the environment
with radioactive materials; and




OBJECTIVES (Cont'd)

C. -ensure compliance with requ1rements of the Nuclear Regulatory
Commission (NRC) and all other governmental agencies.

ORGANIZATION

The Technical Center holds three NRC Specific Licenses
numbered 47-00260-02, 47-00260-06, and 47-00260-09. The first
is a Type A Broad Scope License which permits authorized Technical
Center personnel to evaluate, develop, install, and test gauging
equipment containing encapsulated isotopes; License No. 47-00260-06
"~ permits the use of radioisotopes in any form for research and
. development as defined in 10CFR30; and License No. 47-00260-09
permits the use of neutron sources in the testing of steel vessels
for carbon buildup.

SITE REGULATION

It is management s intent to exercise centralized control over
the use of jonizing radiation sources to ensure that exposure will be
adequately controlled so as to prevent adverse effects on the health
and safety of employees. Persons involved in the use of ionizing
radiation are responsible for ensuring compliance with NRC licensing
constraints and radiation protection requirements. Al1 proposed uses
of ionizing radiation, all procurement actions for sources of such
radiation, and all facility and equipment design criteria for use of
such radiation shall receive the written approval of the Radicactive
Safety Committee or Radioactive Materials Committee, whichever applies.

RADIATION PROTECTION OFFICER (RPO)

The RPO will coordinate and supervise the Radiation Safety Program
at the Technical Center. The RPO will serve as Chairman of the Radia-
tion Safety Committee and a member of the Radioactive Materials Committee.
The RPO will be responsible at all times for the status of the Radiation
Safety Program. The RPO, or persons designated by him will perform the
following duties:

A. Maintain all records pertaining to the Radiation Safety Program.

B. Make periodic surveys (at least monthly) to ensure that the
radiation protection required is adequate and that the provisions
10CFR20, "Standards for Protection Against Radiation," and the
provisions of this Radiological Control Manual are being met.

C. Assist in developing operating and emergency procedures for rad1o-
logical operations.

D. Review plans of proposed operations involving the use of radiation
to ensure that adequate protective measures are being incorporated
into the design of the operat1on, and make recommendations to
Committee members.

E. Assist in the performance of leak tests on sealed sources, or see
that they are performed by personnel authorized for this task.



6. RADIATION PROTECTION OFFICER (RPO) (Cont'd)

F. Supervise and coordinate the Radioactive Waste Disposal Program.

G. Assume responsibility for receiving, delivering, and opening all
incoming shipments of radioactive material, and receiving,
packaging, and shipping all radioactive material leaving the
Technical Center.

H. Distribute and process personnel monitoring equipment, determine
the need for and evaluation of bioassays, maintain personnel
exposure and bioassay records, and notify individuals and their
supervisors of exposures approaching maximum permissible amounts.

I. ConductAtraining programs and instruct personnel in the proper
procedures for the use of radioactive material prior to use, and:
conduct refresher training courses periodically.

J. Maintain an inventory of all radioisotopes at the Technical .
Center and 1imit the quantity of radionuclides to the amounts
authorized by the license. .

K. In addition to the above, the RPO has the authority to:

| 1) impound radioactive material;
2) seal off contaminated areas;

3) require tests of potentially contaminated personnel in con-
sultation with the Medical Department as required;

4) approve all procurement and shipment of radioactive material
and its documentation; and

5) approve purchase requests for all radiation-producing devices.
7. USER
_ When an employee of the Technical Center or a contractor intends
to use radioactive material and/or radiation-producing devices, he

must prepare a memorandum requesting the approval of the appropriate
comittee. This request procedure is outlined in Chapter II.

8. RADIATION SAFETY COMMITTEE

~ The Radiation Safety Committee will receive requests for use of
sealed sources as authorized by the Type A Broad Scope License.
Membership to the Radiation Safety Committee will include but not be
Timited to: ‘ '
A. Technical Center RPO (Chairman)
B. Technical Center Radiation Protection Personnel
C. Nucleonics Applications Personnel
D. Management Representative (Group Leader)
E .

Purchasing Representative



8.

RADIATION SAFETY COMMITTEE (Cont'd)™ 7' " .

The Coramittee will be’ required-to' meet at least semi-annually to
evaluate new proposals for sealed sources. A quorum, consisting of the

‘management representative and thireé representatives from Radiation

Protection ‘and Nucleonics -Applications, must be present at a meet1ng
for it to be considered official. A proposal must receive a unanimous
vote of all members present for it to be approved.

Proposed use of 'sealed sources shall be presented to the Radiation
Safety Committee as- described in Chapter II, "Procurement of Radioactive
Material and Radiation-Producing Devices." Safety evaluations will
include consideration to the adequacy of facilities and equipment, operating
and emergency procedures, and training of proposed users. Also to be
considered is the total possession 1imit of the proposed isotope.

Inventories of radioactive material used shall be maintained by the
RPO. He sha]] also be responsible for all transfer of radioactive
material. ~ Proceedings of the Radiation Safety Committee 'shall be recorded
and maintained by a secretary appointed by the Chairman. The secretary
shall also maintain records of all proposals and safety evaluations of
such proposals. :

Review of the Radiation Protection Program as it pertains to the
Radiation Safety Committee shall be conducted by the Committee annually.
This review shall consist of auditing current users, inventories, and
other records requ1red to be maintained.

RADIOACTIVE MATERIALS COMMITTEE

The Radioactive Materials Conmiittee will receive the requests for
the - use of unencapsulated materials authorized by License No. 47-00260-06
and, as soon as possible after the receipt of the request, the Committee
will review the request in depth. Items such as personnel qualifications,
adequacy of facilities, preparation of operating procedures, etc., will

" be considered in the review. The Radioactive Materials Committee will

insure that the authorized users are aware that they must follow the
provisions of 10CFR20, “Standards ‘for Protection Against Radiation,"
(Appendix III)-in all operations involving radiation. The Radioactive
Materials Committee will meet at least annually.

Membership of the Radioactive Materials Committee will include but
not be Timited to:

A, -The Radiation Protection Officer and Alternate RPO's of the

Technical Center.

B. Representatives of the Engineering, R&D, Purchasing, and Industrial
Hygiene Departments at the Technical Center .

C. The Chairman shall be elected from among the menbers.

D. Menbers shall serve on the Radioactive Materials Committee as an
additional responsibility to their regular job requirenments.
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Chapter 11
PROCUREMENT OF RADIOACTIVE MATERIALS

AND RADIATION-PRODUCING DEVICES

. PROCEDURE

Procurement requests for all radioactive materials will be routed
through the RPO for review and approva] prior to processing. The pro-
cedure is as follows:

The first step for a person who wishes to use a radioisotope is to
discuss the proposed project with the Radiation Protection Officer.
A formal request for the use of the materials can then be initiated
if the RPO is satisfied that the Technical Center is authorized by
the NRC to possess the isotope and quantity of material requested,
and that the persons who will be handling the material have been.
adequately trained in the use of radioisotopes.

The formal request will specify what steps will be taken to en-
sure that the radioactive material is contained at all times and
specifically what steps will be taken to prevent the spread of
material in the event of an accident. Other items that must be in
this request are statements of the specific procedures to be used
anytime that the material is handled, procedures used to control the
accessibility of this materials to untrained personnel, the exact
record system to be used in keeping an accounting of the radioactive
material at all stages of the exper1ment and the ultimate means of
disposal of all material. :

After the formal request has been approved by the appropriate
committee, the RPO and the user's supervisor may approve the purchase
request and submit it to the Purchasing Department. Only requisitions
approved in this manner will be accepted by the Purchasing Department
for the procurement of radioactive material or rad1at1on -producing
devices.

RECORDS OF RECEIPT, TRANSFER, AND DISPOSAL OF RADIOACTIVE MATERIAL

The user must maintain permanent records showing material accout-
ability for each radioisotope. The records must be available at all
times and must contain: . .

A. The amount of radioisotope and fhe date received. Retain the
original shipping receipt with this record.

B. The amount of radioisotope transferred to any other authorized
person and the date of the transfer. A signed acknowledgement of.
receipt must be reqeuested when a radioisotope is transferred.

NOTE: The regulations of the Post Office Department, Department
of Transportation, International Air Transport Agency,
International Atomic Energy Agency, U. S. Nuclear Regulatory



2. RECORDS OF RECEIPT, TRANSFER, AND DISPOSAL OF RADIOACTIVE MATERIAL (Con‘td)

Commission, and the Intéfﬁtate Commerce Commission must be
met when radioisotopes. are shipped by U. S. mail or common carrier.

€. The user must know the location of any radioacitve materials in
his possession at all times. An inventory should be performed
annually or more frequently where necessary, to assure that
materials on hand correspond to those thought to be on hand. Pro-
cedures for keeping track of radioactive materials in an experiment
- are to be worked out with the RPO and included in the format
request.

D. The amounts of radioisotopes disposed of and a description of the
method and date of disposal. Disposal must always be done in .
compliance with the requirements as set forth by the NRC Regu]a-
tions and Committee-approved procedures.



Chapter 111

RECEIVING, SHIPPING, AND STORAGE OF

RADIOACTIVE MATERIAL

GENERAL

The receiving, packaging, shipping, and storage of radioactive
material must be coordinated and controlled to avoid exposing per-
sonnel whose duty assignments otherwise require no such exposure to
jonizing radiation. Al1 radioactive material transported, stored,
or shipped at the Technical Center shall be properly packaged,
labeled, and shielded to minimize radiation hazards. .

APPLICABLE DIRECTIVES

-A. The packaging and labeling of both incoming and outgoing ship-
ments of radioactive material must comply with Department of
Transportation (DOT) regulations.

B. THE SHIPPING AND RECEIVING OF RADIOACTIVE MATERIAL WILL BE CON-
TROLLED LOCALLY BY THE RADIATION PROTECTION OFFICER.

RESPONSIBILITIES

A. The authorized user must assure proper identification, shielding,
and containment of all material to be shipped off the Technical
Center or to be transported within the Technical Center. All
shipping conta1ners must be 1abe1ed in accordance with DOT regu-

. lations.

B. The RPO is respons1b1e for 1nspect1ng, labeling, and shipping in_
accordance with DOT and NRC regulations.

C. The RPO will supply technical information as required.
PROCEDURE |

A. Incoming Shipments

1) Receipt of incoming'shipments of radioactive materials will
be performed by the Receiving and Shipping Departments.

2) The Receiving Department will immediate]y notify the RPQ of
the arrival of a shipment by phone, giving all available in-
formation such as type of material, amount, size of package,-
to whom addressed, etc. The package(s) w111 be set aside
with a minimum of handiing until the RPO can inspect it.

3) The RPQ or his designated agent will immediately proceed
to the receiving area and inspect the shipment. After assur-
ance that the shipment is in proper order and that the
addressee is authorized to receive the material, the RPO
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A.

PROCEDURE (Cont'd)

Incoming Shipments :(Cont'd). .-~ , A’ i

will authorize the Receiving Department supervisor to take

_ action as appropriate.

4) Under no circumstances may these packages be opened without
permission of the RPO or his designated agent whose duty it
is .to test for dose rates and leakage with the proper equip- A
ments.

Outgoing Shipments

1) Radiation Protect1on personne] receive the Radioactive
Material Advance Information form from person requestlng
shipment.

2) Radiation Protection personnel receive author1zat1on from
cosignee to receive quantity and form of material to be
shipped.

3) The shipping container is approved by USNRC and DOT, or both,
for the quantity and form of material to be shipped.

4) The material is packaged in accordance with the requ1rements

- of 49 CFR 173.393. v

5) Adequate interna1 packing'materia] or bracing is used to pro-
tect the contents and maintain required spacing under conditions
normally incident to transportation.

6) A11-c1osures are properly sealed.

7) Packaging is performed in a controlled area, with appropriate
surveillance and radiation monitoring.

8) A radiation survey is performed to ensure that limits specified
in 49 CFR 173.393 are not exceeded and to determine the appro-
priate labels to be affixed to the package.

9) A leak wipe survey is performed to assure no leakage above
0.0005 uCi.

10) The following shipping papers are properly prepafed'and accompany

the shipment: _

a) Shipper's Certificate.

b) Leak Wipe Results.

c) Guidance for Carriers.

d) Instructions for Cosignee.

e) Special Form Certification.



B. Outgoing Shipments (Cont'd)

11) The following shipping papers are propér]y prepared and mailed to
the cosignee:

a) License Responsibility Transfer.
b) Notification of Radioactive Material Transfer.
c) Radioactive Material Shipment Record Data.

/

12) The package is labeled with the shipper's address, DOT package
‘designation, and proper shipping name.

13) Transport Index labels are completed and placed on the package
(2 Tlabels on opposite sides of package).

14) Leak or tape security seal affixed.

C. Intracenter Transportation

1) The RPO will be notified by phone when it is necessary to move -
radioactive material to a different location within the Technical
Center. :

2) Radioactive material to be transported within the Technical Center
will be packaged and shielded so that the radiation level does not
exceed 5.0 millirems/hr at 1 ft from the source if the shipment is
accompanied by a qualified user. If not accompanied by a qualified
‘user, DOT regulations apply.

3) Standard radiation warning stickers required by'Code of Federal
- Regulations, Title 10, Part 20 shall be used.

4) The driver of the vehicle will be apprised of the nature of his
cargo. It is highly desirable that the user accompany the driver.

5) If there is a vehicle accident, the drivér should notify the security
-guards and the RPO immediately. The security guards should keep all
persons away from the accident area until the RPO has determined that
the area is free of radioactivity.
D. Storage |

1) A1l radioactive materials will be stored in designated, properly
identified storage areas and will be secured against unauthorized
removal.

2) No material will be placed in the Building 747 Radioactive Materials
Storage Area without the knowledge and approval of the RPO.

3) Material placed in the storage area will be surVeyed and positioned
such that the radiation field at the perimeter of the storage area
is less than or equal to 2 millirems/hour.




Chapter 1V
DISPOSAL OF RADIOACTIVE MATERIAL

GENERAL

The proper methods to follow for the disbdsa1 of any item of
radioactive material that becomes unserviceable or unnecessary are
included in this chapter.

Some items may be returned td the supplier for repair or dis-
position. These procedures are applicable regardless of whether
* the sources require disposal or return to the manufacturer.

SCOPE

This chapter includes procedures for all items of radidactive
material including waste that requires disposal, regardless of whether
the item is controlled by the NRC.

PROCEDURE

A. For items requiring disposal, a memorandum requesting the disposal

‘ of radioactive material will be forwarded to the RPO. This re-
quest will include, as minimum information about the item(s), the
following: - ‘ '

1) isotope(s);

2) brief description of the chemical and physical form of the
item(s);

3) millicuries of activity;
- 4) description of container(s); and
5) - any toxic or chemical hazard involved with this material.

B. 1In cases ndt covered by this instruction, or where any uncertainty
exists, the RPO should be contacted for specific instructions.

C. The RPO will evaluate the material for potential future use in
other UCC applications. If potentially reusable, the material
may be stored in the Technical Center Radioactive Materials
Storage Area.

D. Upon receipt of the memorandum, the RPO will take the appropriate
action to obtain disposition instructions and to dispose of the
item(s). The RPO will prepare all shipping documents and make
arrangements for transportation of the item(s).

E. No authorization exists for local disposition of any radioactive
material. In all cases where radioactive material must be dis-
carded, no matter how small the amount, no material may be dis-
posed of, except as outlined in this chapter.
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Chapter V
RADIATION PROTECTION GUIDES

REFERENCE

Code of Federal Regulations, Title 10, Part 20, "Standards for

Protection Against Radiation.”

A.

GENERAL

Unnecessary exposure to radiation should be avoided. In setting
standards for Radiation Protection Guides, two types of radiation
exposure must be considered: _

1) Internal exposure resulting from radioactive material taken
into the body by ingestion, inhalation, and absorption through
openings in the skin; and

2) External exposure resulting from the body be1ng exposed to
" radiation from radioactive materials and jonizing radiation
produced by machines.

The population is divided into two groups for determining Radia-
tion Protection Guides.

1) Occupationally exposed persons; i.e., the small segment of
the population whose job requires them to work with radiation.
The Radiation Protection Guide is established at a maximum
that is not believed to produce detectable damage to an in-
dividual over 18 years old, during his lifetime.

2) A1l other personnel not employed in radiation work. The
Radiation Protection Guide for this major portion of the pop-
ulation is established at one-tenth of that established for
occupationally exposed persons. (See Item 4E of this chapter.)

The area in which radiation fields may exist in excess of those
permitted or implied in Paragraph 2.B.2) above must be under the
control of the user or the supervisor responsible for the facility,
and access to the area must be restricted. No person below the age
of 18 can be included in Group 2.B.1). : :

Radiation Protection Guides as outlined in this section do not
include doses received from natural background and from medical
and dental procedures. :

DEFINITIONS OF UNITS

Definition of units used in this chapter may be found in Appendix II.

(Refer specifically to Radiation Protection Guides, dose, rad, and rem.)
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4. BASIC RULES OF RADIATION PROTECTION GUIDES

A. Exposure of Individuals to Rad1at1on in Restr1cted Areas

1) Except as provided in Paragraph 4.A.2) below, no individual in a

2)

restricted area will receive in any calendar quarter from any
source a dose in excess of the following:-

Rems per Calendar Quarter

(a) Whole body; head and trunk; active blood

form1ng organs; lens of- eyes, or gonads ..... - 1.25
(b) Hands and forearms; feet and ankles . . . . . .. 18.75
(c) Skin of whole'body . . . .. ... .. ..... 7.50

Indﬁv1dua]s in a restricted area may receive a dose to the whole
body greater than that perm1tted under Paraqraph 4.A.1) above,
provided: :

(a) During any calendar quarter the dose shall not exceed 3 rems;

(b) The dose to the whole body, when added to the accumulated
occupational dose to the whole body, shall not exceed
5 (N-18) rems, where N equals the 1nd1v1dua1 s age in years
" at his 1ast birthday; and

(c)’ The individual's accumulated occupational dose to the whole
body has been determined and reported on NRC Form 4,
"Occupational External Radiation Exposure History," or
equivalent.

Determination of accumulated dose will be in accordance with Code
of Federal Regulations, Title 10, Part 20, Paragraph 20.102.

The provisions of Code of Federal Regulations, Title 10, Part 20,
Paragraph 20.103 shall be strictly adhered to in determ1n1ng
criteria for exposure of jndividuals to concentrations of radio-
active material in restr1cted areas.

The provus1ons of Code of Federal Regu]at1ons Title 10 Part 20,
Paragraph 20.104 shall be str1ct1y followed in determ1n1ng
criteria for exposure to minors.

B. Permissible Levels of Radiation in Unrestricted Areas

1) Operations will be arranged and performed so that no individual in

any unrestricted area is likely to receive a dose in excess of 0.5
rem to the whole body in any period of one calendar year.



4. BASIC RULES OF RADIATION PROTECTION GUIDES (CONT'D)

B. Permissible Levels of Radiation in Unrestricted Areas (Cont'd)

2) In no case will any operation be a]]owed to create in any
unrestricted area:

(a) Radiation levels which, if an individual were continuously
present in the area, could result in his receiving a dose
in excess of 2 millirems in any one hour; or

(b) Radiation levels which, if an individual were continuously
present in the area, could result in his receiving a dose
of 100 millirems in any seven consecutive days.

3) Concentrations of effluents in unrestricted areas shall be governéd
by provisions of Code of Federal Regulations, Title 10, Part 20,
Paragraph 20.106.

C. Contamination Guides

Surface contamination guidelines established for restricted and unre-
stricted areas within the Technical Center are as follows:

A = Removable Surface Contamination
Type of Surface {dpm/100 cm?)

Lab benches and floors =~ 500
(restricted areas)

Ha]]wéys and other : none détecfab]e
unrestricted areas

Skin and personal clothing none detectable

Any levels above these recommendations will require decontam1nat1on
(see Section E).

D. Radiation and Contamination Surveys

In order to assure that radiation and contamination guides are met,
surveys will be made at least monthly. Records of these surveys shall

- remain on file in the radiation protection off1ce at the Techn1ca]
Center.

In the event that glove boxes, hoods, ductwork, etc., require mainten- -
ance, contamination and/or radiation surveys will be made prior to that
work.



4. BASIC RULES OF RADIATION PROTECTION GUIDES (CONT'D)

E.

F.

Decontamination Procedures -

1)

2)

3)

General

Contamination of personnel, plant areas, or equipment areas may
present emergency conditions following an accident.- Prompt measures
must be taken to identify contaminated personnel-and to perform re-
quired decontamination. - As soon after a survey of contamination as
possible, preplanned decontamination methods shall be applied to the
contaminated plant areas and equipment. Only the RPO or his
authorized delegates shall decontaminate personnel or material.

Procedure for Decontaminating Personnel

(a) 'A11 contaminated clothing or clothing suspecteéd to be contami-

nated shall be removed and placed in suitable waste containers
(a plastic bag within a plastic can or equivalent) for later
disposal.

(b) If the skin is affected, the contaminated area shall be scrubbed
thoroughly for two to three minutes, soaping and rinsing re-
peatedly. Consideration shall be given to the chemistry of the
contaminant, and an attempt shall be made to find a suitable
agent for dissolving it. Any cleansing agent may be used, but
synthetic detergents are preferred to soap. (Note: Prolonged
decontamination may result in irritation of the skin and should
be avoided.)

(c) 1In serious cases, a physician shall be called immediately, but
the decontamination shall proceed until he arrives and gives
~ further instructions. If internal contamination is suspected,
‘the physician must be notified so that he may take appropriate
biological samples as needed for examinations.

(d) Personnel engaged in contamination surveys and decontamination
operations shall wear respirators, coveralls, and shoe covers,
as necessary. :

Decontamination of Tools and Materials

" Under the direction of the RPO, vacuum cleaners, mops, detergents,

and wetting agents should be employed on the contaminant. Care must
be exercised so that these objects themselves do not become contami-
nated, or, if they do, that they are treated as radioactive waste.
Vacuum cleaners must have high efficiency filtered exhausts.

Air Sampling

To assure that no workers are exposed to concentrations of radioactive
material in air greater than those specified in 10 CFR 20, Appendix B,
Table 1, Column 1, activity concentrations will be evaluated on a
quarterly basis. Evaluations will be made using a Johnson Laboratories,
Inc. TRITON 955B air monitor.



Chapter VI
PERSONNEL MONITORING

REFERENCE
Code of Federal Regulations, Title 10, Part 20.
GENERAL

Paragraph 20.202 of the above referenced Federal regulation
requires that appropriate personnel monitoring equipment be app11ed
to:

A. Each individual who enters a restricted area and receives; or
is Tikely to receive, a dose in any calendar year in excess
of 25 percent (25%) of the applicable value specified in Para-
graph (A) of 20.101 [Paragraph 4.A.1) of Chapter V of this
manual].

B. Each individual under 18 years of age Who enters a'restrictéd
area and receives, or is likely to receive, a dose in any
- calendar quarter in excess of 5 percent (5%) of the applicable
value specified in Title 10, CFR 20.101A.
C. Each individual pr%or to entering a high radiation area.

SCOPE

These requirements apply to all employees of the Techn1ca1
Center, its contractors, its consultants, etc

DEFINITIONS

See Appendix II for def1n1t1ons of technical terms used in
this procedure.

RESPONSIBILITIES

The Radiation Protection Officer is responsible for obtaining
dosimetry service at the Technical Center. The manager of each
activity in which there are projects dealing with radioactive
materials or equipment capable of producing or accelerating ijonizing
particles shall enforse these requirements. The RPO will also provide -
guidance and establish need for dosimetry serv1ces w1th1n the Techni-
cal Center.

TYPES OF DOSIMETERS

Film badges

Thermoluminescent dosimeters (TLD's)
Pocket ion chambers (non-self-reading)
Pocket dosimeters (self-reading)

oOw>



TYPES OF DOSIMETERS (Cont'd)

Film badges and TLD's (see Appendix II) are used to obtain a permanent
record of the radiation dose to which the individual has been exposed.
Pocket jon chambers and pocket dosimeters (see Appendix II) permit the
individual to check daily on his accumulated dose. Their use is
advisable whenever a person expects to be exposed to radiation fields .
higher than 5 mr/hr. They are to be used to detect high doses in addi-
tion to a film badge or TLD which will be used to obtain a permanent
record of the dose.

PROCEDURE

The procedures for using each of the above described dosimetry
devices are outlined in the following paragraphs.

A. Film Badges and Thermoluminescent Dosimeters

1) General Precautions

(a) Do not tamper with the film or TLD. When it is delivered
at the appointed time, remove the old f1]m or TLD from
the ho]der and insert the new one.

(b) Do not expose the film or TLD to excessive heat or moisture.

(c) Do not leave the film or TLD in a location where it will
be exposed to radiation except when worn by the employee.

'(d) Always wear the film or TLD badge when entering a radia-
tion area (see Appendix II).

(e) Wear only your own film or TLD badge.

(f) Report any occupational exposure that the badge or TLD
may not have recorded.

(g) Do not wear film badge or: TLD when being exposed to medi-
" cal X-rays for therapeutic or diagnostic purposes.

2) How to Obtain Badges or TLD's

(a) The responsible Technical Center supervisor will, prior
to using a radiation source, consult with the RPO
to determine dosimetry requirements. If dosimetric
service is required; he will request a film badge or
TLD for each individual who does not already have one
and who may be exposed. This request will be in the
form of a memorandum to the RPO. It will include the
name of the individuals, the type of radioactive material
or the radiation-producing device for which dosimetric
devices are required, the date they are required, the
location where the work is done, and the name of the per-
son who will supervise the work. In addition, the fol-
Towing information for each individual for whom film

- badges are required is necessary: name, job title, nor-

mal work assignment, extent of previous radiation
exposure, Social Security number, and date of birth.



7. PROCEDURE (Cont'd)

A.

Film Badges and Thermoluminescent Dosimeters (Cont'd)

2)

How to Obtain Badges or TLD's (Cont'd)

(b) The RPO is responsﬁb]e for obtaining dosimetry service
‘when it is required. There are several vendors who
provide this service for a nominal charge.

Pocket Dosimeters and Pocket'Chambers

1)

2)

Since pocket dosimeters and pocket ion chambers permit daily
evaluation of radiation exposure, they should be used to
supplement film badges. It is a good practice to carry two
dosimeters or pocket chambers since they are subject to leak-
age and accidental discharge. When reading them, the lowest
value is recorded. Chambers and dosimeters will be used that
measure radiation dose within an accuracy of 10 percent (10%)
or better in the average range encountered in the use of
sources of ionizing radiation.

Dosimeters and pocket chambers will be charged and read by’

the RPO or a qualified person designated by him. The accumu-
lated dose will be recorded. A record will be maintained

for each individual exposed. Since the accumulated dose for
the period is maintained, each individual can determine if

he has exceeded the maximum permissible exposure. In the
event an overexposure is suspected, the individual's film
badge will be delivered to the RPO so that it can be evaluated.

PERSONNEL MONITORING PERIOD

U. S. Nuclear Regulatory Commission Form 5, "Current Occupational’
External Radiation Exposure," or its equivalent will be included in

" the records of applicable individuals who are to be monitored. The
RPO will maintain cumulative dose records on each employee exposed to
radiation, as required by 10 CFR 20.401. -
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o Chagter VII o
LEAK TESTING SEALED SOURCES

References  °

National Bureau of Standards Handbook, "Safe Design and Use

of Industrial Beta Ray Sources"; Handbook 73, "Protection

Against Radiations from Sea]ed Gamma Sources", and CFR Title 10.
Definition

"Sealed Source" means radioactive material that is encased in,
and is to bé'used in, a container in a manner 1ntended to prevent
Teakage of the rad1oact1ve mater1a]

Types of Sea]ed Sources

1) Gamma ray sources such as 60Co ]37Cs and 1921y are used in
industrial app]1cat1ons, rad1ography, and in medical therapy.

2) Beta sources such as 90Sr, 91y, 997c, and 147Pm are used as
-dens1ty gauges, nuc]ear batter1es, static eliminators, etc.

3) Alpha-emitting sources such as 226Ra and 241Am are used in
alpha-neutron sources and as sources for ionizing air in
devices such as smoke detectors.

Deterioration or Rupture of Containers

Any leakage is serious since the escaping material can contaminate
surfaces that it contacts and may be inhaled or ingested into the
body. Several factors may cause the container or its sea] to leak
or become damaged.

1) Radiation from the source itself, either direct or indirect,
which accelerates corrosion either directly or by production
of corrosive ozone in the air.

2) Attack by chemicals inside the source.

3) Attack by corrosive fumes, solvents, or other chemicals to
which the source may be exposed.

4) Buildup of gaseous pressure inside the encapsulating material
by the action of radiation or by heating, such as might occur
during a fire.

5) Breakdown resulting from the discharge of high electrical
potentials built up by the transmission of beta particles
through insulating material.
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GENERAL (Cont'd)

D.

Deterioration or Rupture of Containers (Cont'd)

6) Vibration, shock, or other mechanical injury.
7) Stresses set up by differences in thermal expansion.

8) Deterioration inherent in the materials used for the container;
e.g., loss of -solvents or plasticizers from plastics:

9) Damage from high or low temperatures humidity, low pressure
experienced in shipment by air, or any other unfavorable en-
vironmental conditions that might occur.

Detecting Leaks

For the foregoing reasons, it is mandatory that leak tests be per-
formed on all sealed sources upon receipt, at other specified
intervals and before shipping. The conditions detailed in NRC
Ticenses concerning possession and use of sealed radioactive
sources include requirements for performing Ieak tests and main-
taining records of the results.

EQUIPMENT REQUIRED FOR PERFORMING LEAK TESTS

A. Long-handled forceps or tongs for handling sources

B. An appropriate survey meter

C. Filter paper, cotton, or cotton swabs attached to sticks for

wiping the container and envelopes

D. A sensitive counter capable of measuring 0.005 microcuries of
.'A the isotope in question .

E. Protective gloves °

F." Film badges

G. Appropriate shielding

PROCEDURE

A. General

1) Leak wipe test will be made only by the RPO or h1S authorized.
representative.

2) Personnel performing the leak tests shall wear film badges.

3) A1l sources being tested will be handled as though they are
leaking until proven not to be leaking.
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PROCEDURE (Cont'd)

A.

General (Cont d)

4) Th1s step shou]d be fo]]owed very carefu]]y to 1nsure the

5)

proper identification and accuracy of the analysis. Complete
the leak test kit label as to: a) the location of the source;
b)-the date the leak test was-made; c) the identification; a
serial number, property number, etc.; and d) type of 1sotope
that is conta1ned within the source holder. After this has
been completed, remove the paper back1ng and attach the label
to one of the sample conta1ners :

The individual mak1ng the test will follow the procedures
Tisted below. .

- (a) Use protect1ve g]oves and accessories.

(b) Caut1ous1y remove the cover of the storage ronta1ner )
. as not. to spread contamination in .the event the source
should be leaking. . :

(c) Do not expose the body to a direct beam from the container.

(d) Remove cotton applicator from its container. Saturate
.- the cotton:applicator. with Teak wipe solvent-and wipe
all external seams, cracks, and openings of the source
holder to achieve maximum surface material removal.
DO NOT DISASSEMBLE THE. SOURCE HOLDER. Note: DO NOT
PLACE THE COTTON APPLICATOR IN THE SOLVENT DURING OR AFTER
IT HAS BEEN USED TO WIPE THE SOURCE!

(e) Remove the cotton applicator and survey meter from the
radiation field to a location where only background is
indicated on the meter. Switch the meter to its lowest
range and survey the wipe. Do not touch the survey meter .
with the cotton applicator. If the wipe reads twice back-
ground or greater, shield the wipe as if it is itself a
radiation source. Take two more wipes of source.

(f) Carefully place the cotton applicator 1n \ the ]abe]ed
container and securely tighten container cap.

After all leak tests have been completed and properly identi-
fied, reinsert the containers in the carton and take it to the
M&CT Development Group for analysis.

6) Other techniques may be approved by the RPO.

Radiography and Similar Sealed Sources

High intensity gamma ray sources used for radiography or other
similar industrial purposes will be leak-tested by wiping the
nearest accessible point to the sealed source storage position,
and then following the pertinent portions of the procedure out-
lined in Paragraph 3.A. above.
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LEAKING SOURCES

A.

In the event the removable contamination exceeds 0.005 micro-
curies, the source is considered to be leaking. The source
container will be closed and tagged until it can be prepared
for shipment, repair, or disposal.

Sources that are leaking may be repaifed by licensed manu-
facturers if it is economically feasible; if not economically
feasible, they may be disposed of as outlined in Chapter 1II.

Notify the appropriate governmental agency as required in the
Technical Center USNRC License and 10CFR20 + 10CFR21.



Chapter VIII
LEAK WIPE COUNTING AND ‘SURVEY METER CALIBRATION

GENERAL

The Development Group of Measurement and Control Technology
maintains and operates facilities for the counting of leak wipe
tests and for the calibration of survey meters and other radia-
tion detection instruments. In addition, a capability is main-
tained for analysis and repair of damaged or faulty instruments.

LEAK WIPE COUNTING CALIBRATION PROCEDURE

_ The apparatus for counting leak wipes is calibrated at the
beginning of each series of Teak wipes being counted or more fre-
quently as indicated by the stability of the counting apparatus.
The calibration procedure for leak wipe counting is based on the
use of calibration sources whose activity is typically known
within t5%. A calibration source of the particular isotope which
is being analyzed on the leak wipe is used as a calibration source.
The system used has the capability of detecting 0.005 uCi. The
step-by-step procedure for calibrating the counting system is as
follows:

A. Determine the background count rate by inserting a clean,
empty planchet in the counter, and counting it for a statis-
tically significant time period--usually five to ten minutes.

B. Insert the proper calibration source into a planchet with the
active side up and determine the calibration source count
. rate.

C. Subtract the background count rate from the calibration source
count rate: The calibration factor is obtained by dividing"
the calibration source size (1Ci) by the net count rate (cpm).

LEAK WIPE COUNTING PROCEDURES

A. Record a]]‘pertinént data on the container holding the leak
wipe on leak wipe log book.

B. Remove the leak wipe from the container.

C. Do not touch the leak wipe with your hands, but use tweezers.
At all times consider the leak wipes as being contaminated.

D. Make sure that the leak wipe does not extend over the side
of the planchet. It is to be below the edge of the planchet
at all times.

E. Insert thé planchet into the counter.



. LEAK WIPE COUNTING PROCEbURES (Cont'd)

F. Obtain the net count rate (activity) of the wipe by measuring
its gross count rate and subtracting the background count rate.

G. After counting the leak wipe, if it appears that the leak wipe
is contaminated, recount the leak wipe. After all counting of
the leak wipe is finished, dispose of it in the radioactive
trash, whether it is contaminated or not.

H. Calculate the number of microcuries present on the leak wipes
by multiplying the net count rate by the calibration factor if
the net count rate is statistically different from zero.

I. Fill out the form to be returned to the person who sent in the
- leak wipe, keeping one file copy.

J. Record data and ca]cu]ationé in the leak wipe Tog book.

RADIATION SURVEY METER CALIBRATION

The survey meter calibration apparatus consists of a radiation
source in a collimated holder with a scale marking the distance
from the source. Typically, a 10 to 50 millicurie Ces1um 137 source.
1s used with the calibration apparatus.

The rad1at1on field from a Cesium-137 source is measured at
“several distances from the source using a Victoreen "R" Meter
(accuracy ¢5%). From these readings, a dose-rate-versus-distance-
from-the-source curve can be prepared. Different sized sources
are used to provide the range of dose rates required to calibrate
all instruments. :

The detector of the survey meter to be calibrated is placed

-in the calibrated radiation field from the cesium source. -Use care
to assure that the entire detector is in the radiation field. Each
range is then adjusted at one point in that range to agree with the
dose rate measured with the R-meter. The linearity of the meter is
verified by checking the detector at several different dose rates
in each range. These steps are followed until all ranges have been
ca]1brated and recorded

Upon comp]et1on of ca]ibration, a record is made in a bound
notebook. A certification sheet, showing the calibration curve and
remarks or recommendations, is forwarded to the owner of the survey
meter. v

Before the survey meter is returned, a stamp is affixed to show
the date and place of calibration.

The basic measurement standard used (the Victoreen R-Meter)
is returned to the vendor periodically for a calibration check.
Occasional checks of its calibration are made by comparison with the
- known fields from the Cs-137 sources normally used in the calibration
procedure. .



4. RADIATION SURVEY METER CALIBRATION :(Cont'd)

Survey meters for use+in neutron-fields will be returned to
the vendor for periodic recalibration.



T0:

COPIES:

DATE: _

SUBJECT:

The samples 1isted below were analyzed for RADIOACTIVE MATERIAL content in a

counting system calibrated to measure
The results of the analysis are as follows:

SAMPLE IDENT.

SAMPLE DATE

RADIOACTIVE MATERIAL CONT. IN uCi

The notation <0.0005 uCi is used where there is no meaningful statistical

difference at the 95% confidence level between the sample and the background

counting rates.

PERSON ANALYZING SAMPLES




NUCLEAR RADIATION SURVEY METER CALIBRATION SHEET

T0: -

LOCATION:

SUBJECT: Survey Meter Mfg.

Model No.

Serial No.

. The above mentioned survey meter was checked in a Cesium 137 radiation
* field with a calibrated accuracy of :5%. The response of the survey meter
after calibration is listed in the following table.

Date Calibrated . Date for Next Calibration
Calibrated Radiation Field . Survey Meter Reading
from Cs-137 Source in mr/hr v in mr/hr

Comments:

(Signed)




Chapter IX

ANALYTICAL X-RAY DIVICES

GENERAL

Although there are published reports dealing with radiation pro-
tection and apparatus design, there is a lack of generally accepted
“standards or recommendations for X-ray diffraction and spectrographic
- equipment. For these reasons, this chapter was prepared using material
developed by the Medical and Occupational Radiation Program of the
National Center for Radiological Health. These statements containing
the word "shall" are considered necessary to meet minimal standards
for 'protection; those statements using the word "should" are considered
advisory and are to be applied when practical.

RESPONSIBILITIES

A. For each operation involving radioactivity or radiation-producing

' devices, a person shall be appointed to be responsible for radia-
tion safety. This person shall be familiar with the basic princi-
ples of radiation protection and the particular hazards of the
specific device under consideration. This person shall be respon-
sible for the following: .

1) Insuring that operational procedures pertaining to rad1at10n
safety are established and carried out so that the radiation
exposure of each worker is kept at a minimum.

2) Providing instruction in safety practices for a1l personnel
who work with or near the equipment.

3) Arranging for the establishment of radiation control areas,
including placement of appropriate radiation warning s1gns
and/or devices.

4) Providing periodic radiation safety 1nspect1on of the equip-
ment and operat1ons i

'5) Reviewing modifications to X ray apparatus, 1nc1ud1ng X-ray
tube housing, cameras, diffractometers, sh1e1d1ng, and safety
interlocks. ;

6) Investigating any case of abnormal radiation exposure of per-
sonnel. S

7) C]oseTy coordinating all of the above with the ﬁPO.

B. Operating supervisors will further ensure that: .

1) Individuals who act as operators of analytical X-ray devices -
receive an acceptable amount of training in radiation safety.
(Refer to Chapter XII of this manual.)
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RESPONSIBILITIES (Cont'd)

2) Operators have demonstrated competence in the use of X-ray
devices and radiation survey equipment.

The operators of analytical X-ray equipment shall be responsible

for all operations associated with the equipment, 1nc1ud1ng radia-
tion safety In part1cu1ar, he shali:

1) Keep radiation exposure to h1mse1f and to others at a m1n1mum,

2) Be familiar with safety procedures as they apply to each machine;
3) Wear personnel-monitoring devices if necessary; and

4) Notify his supervisor and the RPO of known or suspected abnormal
radiation exposures to himself or others.

OPERATING PROCEDURES

For each operation involving analytical X-ray devices, operating

procedures reflecting safety practices will be prepared. As a minimum,
the following points must be covered. Other points app11cab1e to the
specific equipment shall also be included.

A.

Personnel shall not expose any part of their body to the primary
radiation beam. .

Only trained personne] shall be permitted to install, repa1r, or
make other than routine modifications to the X-ray generating
apparatus and the tube housing apparatus complex.

Procedures and apparatus utilized in beam alignment should be
designed to minimize radiation exposure to the operator.

If, for any reason, it is necessary to .alter safety devcies tem-
porarily, such as by removing shielding or bypassing interlocks,
such action shall be specific in writing, approved by the RPO,
and posted near the X-ray tube housing so that other persons w111
know the existing status of the machine.

Radiation exposure to individua1s, either within the radiation
controlled area or its surroundings, shall be controlled so that
dose limits specified in Chapter V of this manual are not exceeded.

AREA MONITORING

A.

Area radiation protection surveys will be made at frequent inter-
vals to detect stray radiation. Records of these surveys will be
maintained by the operator and the RPO.

During changes in operations or modification to equipment, surveys
will be performed for proper placement of shielding or for the
location of barriers that 1imit the entry of persons into the area.

In addition to the above, certain permanent area monitoring locations
may be established by the RPO.



Chapter X

GAS CHROMATOGRAPHY EQUIPMENT CONTAINING RADIOACTIVE COMPOMENTS

used will

1.

A]] gas chromatography-units in which radioactive 'materials are to be
be regulated as follows:

A11 radioactive foils to be used in gas chromatography ce]]s must
be shipped to the RPO or the designated responsible individual who
will maintain a file describing the type of source and its location.

Each cell containing a foil will be registered by the RPO or the
designated responsible individual, and assigned a number. A file
describing the type of source and its location shall be maintained.

Each cell containing a radioactive foil must have a label show1ng
the radiation caution symbol with the words "Caution Radioactive
Materials" and the identity and act1v1ty of the radiocactive material.

The radioactive foil shall.not be removed from its identifying cell
except for cleaning and shall not be transferred to other cells.

" Gas chromatography units utilizing radioactive sources must be vented

through plastic tubing into a chemical hood or room exhaust to avoid
contamination of work areas from the release of radioactive tagged
samples introduced into the system or from the acc1denta1 overheating
of rad1oact1ve fo1]s in the cells.

The RPO shall perform periodic leak tests on all éppropr1ate cells
and foils and maintain the necessary records as requ1red by the
Ticense on such tests.

Gas chromatography units in district laboratories shall be 1eak tested
as specified in their license and in accordance with 1nstruct1ons
promulgated by the EDRO Health Physicist. '

A1 work on cells such as cleaning shall be performed in a hood with

. absorbent material covering the work space. Gloves shall be worn
- during cleaning operations.

10.

Liquids geherated during cleaning process may be disposed of into
san1tary sewer with Targe quantities of water.

Al1 gas chromatographs shall be operated so as not to exceed the
temperature limits specified by the manufacturer.



Chagter XI
" THE RADIATION PHYSICS LABORATORY

GENERAL DESCRIPTION. OF THE LABORATORY

The Radiation Physics Laboratory, Building 747, is a 30 x 48 ft

one-story masonry building. It consists of an office, a general lab-
oratory, a shielded high radiation area, an instrument storage area,
- and an unencapsulated radioisotopes:laboratory. An area for the
storage of radioisotopes are Iocated adjacent to Building 747.

DETAILED DESCRIPTION AND SPECIAL FEATURES

A.

Building Ventilation

Building 747 is maintained at a slightly positive atmospheric
pressure. All air entering the building comes through a conven-
tional heating and air conditioning system at an air flow of
approximately 1800 cubic feet per minute. The incoming air is.
distributed- throughout the building, except for the unencapsulated
radioisotopes lab, by a system.of conventional metal ducts. Al1l
of the air entering the building is exhausted through the radio-
isotopes lab via two, 16 x 25 inch filtered openings in the wall
between the unencapsulated radioisotopes 1ab and the general lab
area. The air is exhausted from this room by means of a blower
system at the rate of approximately 1800 cubic feet per minute.
By maintaining the above stated air volumes, the air in the main
laboratories is changed once about every five minutes, and the
air in the unencapsulated radioisotopes- 1aboratory is changed
every minute.

Kigh Radiation Shielded Area

The high radiation area is surrounded by a masonry block wall which
is sand filled and is approximately 6-ft in height. A large over- .
head mirror permits work to be performed over this wall by means

of various remote manipulators when necessary. Entry into this

area is secured by a lTocked metal gate and features a high intensity
audible aIarm to indicate any openings of the gate or entry into
the cell.

Unencapsu]atéd Radioisotqué Laboratory

This laboratory is constructed of 6 inch thick masonry blocks with
two 16 x 25 inch filtered ventilators through which the air from

" the main lab is admitted. The room is always maintained under

slightly negative pressure with respect to the general laboratory

by means of a high capacity exhaust fan which operates independently
of the main laboratory air handling system. A1l floor drains in

the Taboratory are sealed to prevent leakage of any radioactive
material into the sewer system. The floors are covered with a

vinyl asbestos tile that could be easily removed in case of contami-
nation.



DETAILED DESCRIPTION AND SPECIAL FEATURES (Cont'd) -

D. General Laboratory Area

The general laboratory area contains about 600 sq ft of floor
space and is maintained for general laboratory activities,
instrument repair, etc. Apparatus for counting leak wipe tests
are maintained in this area.

E. Instrument Stofage Area

This room contains approximately 250 sq ft and is'primari]y
used for storage of instruments.

RADIATION STORAGE AREA

- Tink fence, topped by barbed wire.

The radiation storage area is located approximately 25 ft
from the east side of Building 747. The. area consists of a 6 x 16 ft .
masonry building which rests on a concrete pad of approximately 625
sq ft. The area is surrounded by a security type 6 ft high chain
This area is used primarily for
the storage of the sealed radioactive sources in adequately shielded
lTead containers. The area is secured by a limited access lock system
and is provided with an automatic dusk to dawn lighting system.

INSTRUMENTATION

The Radiation Physics Laboratory is equipped with the following

.nuclear and electronic instrumentation for radiation monitoring.

The following 1ist may be revised without notice.

(Low Energy Beta)

& 500K counts/min

Window
Type of Number Radiations Sensitivity Thickness
Instrument Available Detected Range jmg/cm%i; Use
Eberline E-520- 5 B,Y 0-0.2, 2.0, 30.0 Surveying
(Geiger Counter) 20, 200, '
2000 mr/hr
Texas Nuclear 2592 2 T 0-10, 100,000 1.0 Surveying |
: (Cutie Pie) - mr/hr -
Eberline 6112 2 Bsy 0-2, 50, 2000, 30.0 Surveying
(Teletector) 5000, 10,000
mr/hr :
Eberline PS-1 1 s By Y 7500 cpm = (Scintillation =~ Field
"~ (Portable Scaler) 1 mr/hr Type) Measuring
Eberline PRM-5 1 @ Byy Dependent on | Field
(Portable Rate Probe Measuring
Meter)
Eberline PAC-4G 1 oy Py 500, 5K, 50K, 0.85 Surveying



4. INSTRUMENTATION (Cont'd)

-

' ~ R Window

Type of ‘Number Radiations Sensitivity Thickness

Instrument Available Detected Range (mg/cmé) “Use
Eberline PNC-4 ] n 0-500,000 ~ (BF3 tube) Surveying

counts/min o
Eberline PNR-4 1 n 0-5, 50,000 . (BF3 tube) Surveying
& 5K millirems/hr :
Dosimeter Corp. 6 vy, fast n 0-200 mrads -- Personnel
Pocket Dosimeters : Monitoring
Victoreen 570 2 Y 0-1, 2.5, 5, 212, 569, Measure field
(Condenser R-Meter) ' & 25 rems 583 strength for
: - : ' ' instrument -
. calibration

Single Channel Analyzer 1 B,y Bkgd-100,000 . 1.5 Measuring
(Tennelec, Ortec - ‘ counts/min

Components) -
Beckman Gas Flow 1 b 0.5-5 x 104 0.5 Measuring
Proportional Counter counts/min- -

(Low Beta I1)
Beckman Liquid 1 a,B,Y Bkgd-5.6 x 106 -- Measuring
Scintillation Counter ‘ counts

(LS 9000)
Johnson Labs 1 B 2.5 x 1077 -- Air Monitor

(C-14) uCi/cc : o

TRITON 9558




| Chapter XIT
RADIATION SAFETY TRAINING

Assurance of proper training will be maintained through formalized training
requirements for each employee whose regular job assignment involves work with

radiation.
training.

The Technical Center RPO is responsible for all radiation safety
Four formal training programs have been developed, as outlined below.

1. RADIATION PROTECTION OFFICERS TRAfNING COURSE

The RPO Training Course is a one-week intensive course in radiation
safety aimed at preparing Union Carbide personnel to assume the duties of
Plant Radiation Protection Officer. This course is also used to train
Technical Center personnel as "users" on USNRC License No. 47-260-02.: The .
RPO Training Course is given approximately every eight months. Class size
‘is 1imited to ten students. A description of the course is listed below.

A. C]assrbom Lectures

1.
2.

Introduction

Health Physics Terminology

Basic terms and definitions necessary to function as a competent
RPO - refer to Glossary in the Radiological Health Handbook

Nuc]ear Phys1cs/Rad1at1on

C]ass1f1cat1on of matter, mode] of atom, basic sub-atomic particles
atomic structure, per1od1c table of elements. Define radioactivity,
half-life, types of radiation, characteristics and penetration
ability of various rad1at1ons, shielding and build-up factor.

Energy transfer, dose: define Roentgen, rad, rem, discuss natura]
radioactivity, non-ionizing radiation. :

Calculation Techniques:

Scientific notation, Avagadros #, linear flrst order equat1ons,
inverse square law, dose ca]cu]at1on

Radiation Detection

Interaction of radiation and matter with respect to jonization and
excitation. Energy deposition. Different detection principles
(ionization, scintillation, GM, proportional) specifications and
characteristics.

Biological Effects of Padiation

RBE of various radiations, dose-effect relationship stress1ng non-
threshold model, acute radiation syndrome, radiation acc1dents
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11.

12.

13.

14.

Personnel Dosimetry

Pocket dosimeters, film badges; and thermoluminescent dosimeters,
accuracy with respect to different radiations.

Survey Meters.

Theory of gas-filled instruments, operating instructions,
calibration procedure.

Ensapsulated Sources

Special form encapsulation, external radiation exposure hazards,
and source holder construction. :

Leak Wipe Testing’

Define'government Timits but stress UCC. policy. Show how wipes
are analyzed. : o

Transportation

Discussion of excellent safety record of transporting radioactive
material. Definition of special containers, classifications,
labels, placards, transport index, transport group, contamination
check, special form.

Government Regulations

Title 10, Parts 19 (Notice to Workers), 20 (Standards for Protection

Against Radiation), 30 (Licensing), 34 (Radiography), and Title 49

(DOT).

. Recordkeeping
(1) Inventory
(2) Personnel Dosimetry
(3) R-A Material Data Sheets
(4) Survey Meter Calibration
(5) Leak Wipe Results
(6) Radiation Surveys
(7) Transfer Records

~(8) Shipment Records .
(9) Disposal Records

Emergency

Definition of emergencies - .explosion resulting in the destruction
of containment and shielding, unauthorized servicing of sources,
theft of R-A material. Provide emergency phone numbers.



B. Films

Radiation and Man

Radiological Safety

Invisible Bullets

Properties of Radiation

Radiation and Matter

Radiation Detection by Ionization
On the Move

Safe Servants of Industry.

NN WA -

C. Laboratoriés :

Half-Life Determination

Inverse Square Law

Absorption of Gamma Rays

Density and Level Gauging

Leak Wipes and Survey Techniques.

TP WN -~
e o s s &

D. Final Examination

The last day of this course includes a one-hour final examination

comprised of 37 multiple choice questions. A grade of 70% or better is .

required to pass the course. A grade between 60% and 69% will enable
the student to retake the test. Any grades below 60% requires the
student to repeat the entire course for a retest. The exam results are
kept on file at the Technical Center and serve as documentation.

RADIATION SAFETY FOR UNENCAPSULATED ISOTOPES

This course is designed for Union Carbide Technical Center personnel
who plan on us1ng unencapsulated isotopes in the research laboratory. Each
new employee is given a one-day, one-on-one session that provides a short -
theoretical background and much pract1ca1 radiation safety 1nformat1on A
description of the course content is 11sted be]ow

A. Radioactivity and Rad1at1on

Basic definitions of alpha, beta, and gamma rad1at10ns, ion
- production, act1V1ty, activity units. ;

B. Dose and Biological Effect of Radiation

_ 'Rad, rem, relative biological effectiveness, natural background
radiation, short-term and long-term effects, external and internal
exposure, bio}ogica] pathways, critical organs, body burden.

C. Laboratory Control Techniques

Contamination hazards, work area housekeeping, isotope inventory,
protective clothing, glove boxes, intra-lab transportation, solid and
‘Tiquid waste disposal, C-14 portable survey meter use.



D. Government Regulations

United States Nuclear Regulatory Commission, Code of Federal
Regulations Title 10, Parts 19 and 20, West Virginia Department of
" Health Radiological Health Regulations, United States Department of
Transportation Regulation

E. Examination and .Laboratory Training-

A short written examination is administered at the end of the
day, consisting of twenty multiple choice questions. A grade of
70% or better is required before the employee may begin training in
the laboratory.

After the formal course, the employee undergoes hands-on training
in the laboratory. This training is supplied by the employee's direct
supervisor. The training will include all proper laboratory control
techniques. The employee will be allowed to work with radioisotopes
without supervision only after he/she has demonstrated to their
supervisor that they understand. the radiological hazards associated

_with the work and can demonstrate proper experimental techniques.

A shortened, 2-hour version of the formal tréining course is

presented to all employees who use radioisotopes on an annual basis.
This assures a continuing awareness of radiation safety.

RADIATION -SAFETY FOR RADIOGRAPHERS

Due to the increased usage of radiography by Technical Center personnel,
as well as plant personnel, a revised version of the RPO Training Course has
been generated for training industrial radiographers and their assistants.
This will be a three-day course designed to include most material outlined
"in the National Council on Radiation Protection and Measurements (NCRP),
Report No. 61, "Radiation Safety Training Criteria for Industrial Radiography.
In addition to the RPO Training Manual, handouts for this course include
National Bureau of Standards Handbook 114, "General Safety Standards for
Installations Using Non-Medical X-Ray and Sealed Gamma Ray Sources, Energies
up to 10 MeV," and NUREG-0495, "Public Meeting on Radiation Safety for
Industrial Radiographers." An outline of the course content may be found
in Chapter XIII, Section 10.

A one-hour final examination will be given at the end of the course. A
grade of 70% or higher is required to pass the course, while a grade between
60% and 69% will enable the student to take a retest. Any grades below 60%
will require the student to repeat the course.



ANALYTICAL X-RAY MACHINE SAFETY

A one-hour short course in radiation safety has been developed for
operating supervisors and operators of all analytical X-ray equipment at
the Technical Center. National Bureau of Standards Handbook 111,

"Radiation Safety for X-Ray Diffraction and Fluorescence Analysis Equipment”
is used as a text. To supplement this, a videotape called "The Double-
Edged Sword" is shown during the presentation.

New employees proposihg to use analytical X-ray equipment must take

this course prior to operation. The course is also given on an annual
basis as a refresher to operators of these devices.

MISCELLANEOUS RADIATION SAFETY TRAINING

Under normal operating circumstances, no unauthorized persons may use
radioactive material or radiation producing devices, or be in a restricted
area. All routine housekeeping in unencapsulated laboratories is performed
by the techn1c1ans assigned to that lab. .

Occasionally, however, there are instances where janitors, service
personnel, or millrights need to enter restricted areas to perform non-
routine maintenance or emergency repair. Prior to these instances,
radiation safety training will be supplied by the Technical Center RPO.
The extent of the training shall be determined by the scope of the job to
- be accomplished. As a minimum, the following items will be discussed;
radiation, natural background radiation, dose (internal and externa]),
b1o1og1ca1 effects of radiation, and some government requlations.



INDUSTRIAL RADIOGRAPHY

GENERAL

A. X-rays are electromagnetic radiations originating in electron
clouds surrounding the nuclei of atoms. They are produced when
the target material is bombarded by a stream of high energy
electrons. They are extremely short wavelength and occupy the
portion of the electromagnetic spectrum above the ultraviolet

.region. Gamma rays have characteristics identical to X-rays,
but they originate in the nucleus.

B. X-rays and gamms rays are attenuated or absorbed in matter by
three processes that are dependent on their energy and the
mass number of the absorber. These processes are:

1) Photoelectric effect
2) Compton effect
3) Pair production

PURPOSE

The regulations in this chapter establish radiation safety
requirements for UCC and contractor personnel who utilize any
source of radiation for industrial radiography.

. LICENSING REQUIREMENTS

Industrial radiography is somewhat unique in that the particu-
lar govenmental agency which regulates its use depends upon the
type of source used to produce the radiation. Radiographers in
non-Agreement States using radiation sources of byproduct material
(see Byproduct Material in the Glossary) such as Cesium-137 or
Cobalt-60 are regulated by the U. S. Nuclear Regulatory Commission,
whereas, radiographers using an X-ray machine or naturally occurring
radioactive material such as radium to produce radiation are regu-
lated by the State where they are located. It is important to note
that having a license to possess radioactive material does not permit
the use of this material for radiographic purposes. Such permission
is granted only by a specific license from the USNRC to perform
radiography (see USNRC Rules and Regulations, Title 10, Part 34).
In Agreement States, both types of sources may be regulated by one
agency.

DEFINITIONS
As used in this chapter:
A. "Radiographer" means any individual who performs or who, in

attendance at the site where sources of radiation are being
used, personally supervises industrial radiographic operations




DEFINITIONS (Cont'd)

[EEA]

and who is responsible for assur1ng compliance with the require-
ments of these regulations, the‘regulations of the State where
they are located and/or the USNRC Rules and Regulations, Title 10
Part 34, and all conditions of the license.

H]

B. "Rad1ographer s assistant" means any individual who, under the
personal supervision of a rad1ographer ‘uses’ sources of radia-

t10n related hand11ng too]s, ov 5urvey 1nstruments 1n 1ndustr1a1
‘rad1ography fﬂl' ; _

Cl{f"Industr1a1 rad10graphy" ‘means the exam1nat1on of the structure
““'of materials'‘by' non- destruet1ve methods ut111z1ng sources of
radiation. SRRE LI . RS

DTi'“Reg1strant" means ‘any: person who' is ‘registering-or who' has
registered an’ industrial ‘radiographic X-ray-source:with.the State
where they are located or-has obtained a specificilicense: from
the USNRC to use byproduct mater1a1 for rad1ography A registrant
may or may not be a user. Vi

E. "Person" means any individual who personna]y uti]izesfor manipu-
lates a source of radiation.

PROTECTION .

The’ pr1nc1pa1 method of protect1on from rad1at1on 'is: by shielding
the tube and by enclosing the machine or source in-a protective::
housing, or a high density concrete and/or 1ead—1ined room. Other
methods used in conjunction with shielding are: restricting.the :
direction of the useful beam, 11m1t1ng the workload, restricting the
‘”oCcupancy ‘of -adjacent. areas; and using interlocks to:shut: off the
beam when the doors or access covers are opened : raes :

(PR . X Fpaee oo g,

e INSTALLATIONS _‘~-> -

[ R

i

.;TA;"The ‘design eriteria and draw1ngs of 6ach’ new rad1ograph1c instal-
VU Tation wilitbe siibmitted:to the RPO for review.. Each.installation
r{~f”fW111 be des1gned to 11m1t exposures to those out11ned 1n Chapter V.

'"that a“survey with- rad1at1on detect1on 1nstruments can be made
‘ ‘before- operat1ons beg1n to ensure adequate protect1on to operators
and personnel occupy1ng adJacent areas. .t ekl

w..“

Try. .
t MR R R
A H

STANDARD OPERATING PROCEDURES

A. An adequate operating procedure is required for the-operation of
all equipment producing ionizing rad1at1on

B. The operating procedure shall be subm1tted to the RPO for review
_;and approva] pr1or'to comnonc1ng operat10ns It shall include

LR PRI S
4 try



7. STANDARD OPERATING PROCEDURES (Cont'd)

instructions for at least the following:

1) The handling and use of sources of radiation to be employed
such that no person is likely to be exposed to radiation
doses in excess of the 1imits established in 10 CFR 20,
"Standards for Protection Against Radiation" or the appli-
cable State regulations.

2) Methods and occasions for conducting radiation surveys.

3) Methods for controlling access to radiographic areas.

4) Methods and occasions for locking and securing sources
of radiation

5) Personne] monitoring and the use of personnel monitoring
equipment.

6) The procedures for notifying proper persons in the event
of an accident.

7) The maintenance of records.

8. GENERAL SAFETY REQUIREMENTS

A.

‘Sources of radiation shall be operated only by trained and

qualified personnel.

Each registrant or user shall maintain current logs, which
shall be kept available for inspection by the RPO, showing
for each source of radiation the following information:

1) A description (or make and model number) of each source
of radiation.

2) The identity of the radiographer to whom assigned.
3) Methods for contro]]ing-acéess to radiographic areas.

4) This paragraph applies only if the radiation sources are
in non-interlocked facilities.

No registrant or user shall permit any person to act as a radio-
grapher or as a radiographer's assistance unless, at all times
during radiographic operations, each person wears a film badge
and either a pocket dosimeter or pocket chamber. Pocket dosi-
meters and pocket chambers shall be capable of measuring doses
from 0 to at least 200 milliroentgens. A film badge shall be
assigned to and worn by only one person.

Pocket dosimeters and pocket chambers shall be read, and doses
shall be recorded daily. A film badge shall be immediately
processed if a pocket chamber or pocket dosimeter is discharged
beyond its range. The film badge reports received from the



GENERAL SAFETY REQUIREMENTS (Cont'd)

film badge processor and records of pocket dosimeters and pocket
chamber readings shall be maintained for inspection by the RPO.

E. Notwithstanding any provisions in 20.204(c) of NRC Regulations,
areas in which radiography is being performed shall be con-
spicuously posted as required by 10 CFR 20.203 (Note: See
Appendix III) or the equivalent State regulations.,

_F. During each radiographic;operation. the radiographer or radio-
grapher's assistant shall maintain a direct surveillance of
the operation to protect against unauthorized entry into a high
radiation area as defined in Part 20 of the USNRC Regulations,
or the equivalent State regulations, except where the high radia-
tion area is equipped with a control device or an alarm system
as described in 20.203(C)(2), or where the high radiation area
is locked to protect against unauthorized or accidental entry.

G. No radiographic operation shall be conducted unless calibrated
and operable radiation survey instrumentation is available and
in use at each site where radiographic exposures are made.

Records shall be kept of the surveys required by this chapter
and maintained for inspection by the RPO.

H. The registrant or user shall maintain sufficient calibrated
and operable radiation survey instruments to make physical
radiation surveys. Each radiation survey instrument shall be
calibrated at intervals not to exceed three months, and, after
each instrument servicing, a record shall be maintained of. the
latest date of calibration. Instrumentation required by this -
chapter shall have a range such that 2 milliroentgens/hour
through 1 roentgen/hour can be measured for the energy of radia-
tion being measured.

I. Each source of radiation shall be provided with a lock or outer-
locked container designed to prevent unauthorized or accidental
exposure to radiation, and the source shall be kept locked at
all times except when under direct surveillance.

J. Full use of protective barriers, lead aprons, gloves, etc.,
will be made .

K. Observe any restrictions on the use of the machines or sources
recommended by the RPO.

L. Each sealed source containing byproduct material used for radio-
graphic purposes shall be tested for leakage at intervals not
to exceed six months. - Sealed sources which are portable will
be leak wiped before they are removed from their normal storage
or operating locations to a field lTocation. The leak test will
be capable of detecting 0.005-microcuries of removable contami-
nation on the sealed source and will be counted as described in



8. GENERAL SAFLTY REQUIREMENTS (Cont'd)

Chapter VIII. A record of all leak tests will be kept. Any
source found to be leaking will be reported as required in
10 CFR 34.25 d, or as required by the State's regulations.

A11 sealed sources of byproduct material used in radiography at
the Technical Center will be inventoried quarterly. Records

of the inventory will be kept and will include the quantity

and kinds of byproduct material, location of sealed sources,
and the date of the inventory.

A log shall be maintained for each radiographic device which
lists its description (or make and model number), the radio-
grapher to whom it is assigned, the site at which it is located
or used and the dates of use.

9. LIMITATIONS

A.

The registrant or user shall not permit any person to act as a
radiographer until such person:

1) has been instructed in the subjects outlined in Paragraph
10 of this chapter and has demonstrated an understanding of
them; '

2) has received a copy of this manual and the User's Operating
and Emergency Procedures and has demonstrated an under-
standing of them; and

3) has demonstrated competence in the use of radioactive
exposure devices, related handling tools, and survey. instru-
ments that will be employed in his assignment.

The registrant or user shall not permit any person to act as a
radiographer's assistance until such person: -

1) has received copies of the instructions in the User's
Operating and Emergency Procedures and has demonstrated an
understanding of them; and

2) has.demonstrated competence to use, under the supervision
of the radiographer, the radiographic exposure devices,
related handling tools, and radiation 'survey instruments
that will be employed in his assignment.

10. RADIATION TRAINING OUTLINE

A.

Fundamentals of Radiation Safety

1) Characteristics of fhamma and X-Radiation

2) Units of Radiation Dose (millirem) and Quantity of Radio-
activity (curie)

3) Hazards of Excessive Cxposure to Radiation




" 10. RADIATION TRAINING OUTLINE (Cont'd)

A.

Fundamentals of Radiation Safety (Cpnt'd)
4) “Levels of Radiation from Soﬁrces or Machines
5) Methods of Controlling Radiation Dose

(a) workihg time

(b) working distance

(c) shielding

Radiat%on Detection Instrumentation to be Used

1) Use of Radiation Survey Instruments
-(a) operation
(b) calibration
(c) limitations

2) Survey Techniques

3)" Use of Personnel Monitoring Equipment
(a) film badges

(b) pocket dosimeters
(c) pocket chambers

. Radiographic Equﬁpment to be Used

1) Remote Handling Equipment
2) Radiographic Exposure Devices
3) Storage Containers

The Requirements of Pertinent Federal and State Regulations

The Registrant's or User's Written Operating and Emergency
__Procedures




Chapter XIV

RADIO FREQUENCY RADIATION

GENERAL

Radio frequency radiation is being used increasingly within
plants for process measurements, telemetry, and heating food
in snack bars and cafeteria areas. The biological effects of-
radio frequency radiation are to a great extent dependent upon
the frequency and the average field density or power. When radio
frequency radiation is absorbed, it produces localized heating.
Frequencies above about 3000 megahertz are reflected or absorbed
by the outer layers of the skin where they can be detected by the
thermal sensory elements in the skin. At frequencies of less
than about 1000 megahertz, the radio frequency radiation can
penetrate deeper into the body's tissue where temperature sensors
are fewer and hence possible overheating could occur before any
senstation of heat or pain is perceived. Frequencies between
1000 and 10,000 megahertz tend to produce eye cataracts.

Radio frequency power densities greater than 1 mW/cm2 can
interfere with the operation of cardiac pacemakers. Areas where
this power dens1ty may ever potentially exist must be marked
with proper warning signs.

. - EXPOSURE LEVELS

The following guidelines for exposures are generally acceptab]é:

(a) Above 10 mW/cmé Potentially hazardous

(b) Between 1 and 10 mW/cm2 Safe for incidental or occas1ona1
S exposure

(c) Less than 1 mw/cm2 Safe for 1ndefinite exposure

The OSHA radiation protection guide for normal environmental
conditions and for incident electromagnetic energy of frequencies
from 10 MHz to 100 GHz is 10 mW/cm2 as averaged over any possible
0.1-hour periaod.

Power Density: 10 mW/cm2 for periods of 0.1 hour or more -

Energy Density: 1 mWh/cm2 (milliwatthour per square centi-
"meter during any 0.1-hour period)

STANDARD WARNING SYMBOL

The standard warning symbol for radio frequency radiation hazards
shall consist of a red isosceles triangle above an inverted black
isosceles triangle, separated and outlined by an aluminum colored border.
The common side of the two triangles will be about 1.414 times longer
than the other sides. The wording "Warning--Radio Frequency Radiation
Hazard" shall appear in the upper triangle. The lower triangle may
be used for other warnings as necessary.



MICROWAVE OQVENS

Microwave ovens used in association with food vending services
present a particular hazard for several reasons. Since these
devices are available to any person in the plant, the potential for
a defective machine irradiating a great number of people exists.
Most such devices are intended to be tamperproof and failsafe; how-
ever, the ingenuity of people in overcoming such safety measures is
lengendary. " Since these machines are usually not used under trained
supervision, the potential for misuse or improper use is quite high.
Because of their genera1 accessibi11ty, special care should be exer-
cised in posting warning signs nnear these mach1nes and in checking
‘them for safe operat1on regu]ar]y .

The following list of safe pract1ces shou]d be posted near or
on m1crowave ovens: +. . A . _ .

(a) Stay at 1east three feet away from the front of an 0perat1ng
oven. : _

(b) Make sure that the oven 1s off anyt1me that the door is
_opened.

(c) Do not attempt to watch the food cook1ng through the v1ew1ng
port.

(d) Never 1nsert obaects through the door grill or around the
door seal.

(e) Never tamper with or inactivate the oven safety inter]ocks.
(f) Do not operate the oven while empty.

Microwave ovens used for heating foot in snack areas will be
surveyed periodically to check for excess leakage of radiation.

Standard procedures for making this measurement are currently in
a state of flux. The most current procedure will be used.
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Chapter XV

LASE@§
References ‘
(1) American National Standard for the Safe Use of Lasers, ANSI
(2) Laser Safety Guide, Laser Institute of America
(3) Radiation Safety Handbook for Ionizing and Non-Ionizing-
Radiation, U. S. Department of Health, Education and Welfare
General

The increasingly widespread use of lasers requires the plant
RPO to become familiar with the potential hazards associated with
the misuse of lasers. Primary hazards of laser radiation cons1st

- of danger to the eyes and skin.

The basic approach of most recent safety standards has been

to c]ass1fy lasers by their potent1a1 hazard based upon their

optical emission.

Control Measures

T @ -h o a0 T e

The fundamenta] objective of the control methods as outlined

.1n this chapter is to 1imit the possibility of a potentially

hazardous exposure, particularly to unaware transient personnel
and to provide reasonable and adequate guidance for the safe use
of lasers and laser systems

In establishing laser control measures, the following factors
determine the type and amount of control necessary:

power or energy output of ]aser
pulse length

puise repetition rate
wavelength

beam path-

beam shape (divergence, hot spots, atmospheric effects)
number of laser systems at particular location
position of windows, doors, laboratory 1ayout

-—de
.

degree . of 1so]at10n of location

.
.

able personnel, uninformed transients)

type of popu]at1on (informed staff in control, local knowledge-
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4.0

Control Measures (Cont'd)

- In addition to the afo#émentfohed factors, control measures
also depend on laser classification. In general -

a. A Class I Exempt Laser Device is one that is considered to be
incapable of producing damaging radiation levels and is, there-
fore, exempt from any control measures or other forms or sur-
veillance. : :

b. A 'Class II Low Power Laser Device may be viewed directly, but
must have a caution label warning against continuous intrabeam
viewing affixed to the device.

c. A Class III Medium Power Laser Device requires control measures
that shall prevent viewing of the direct beam.

d. A Class IV High Power Laser Device requires the use of controls’
which shall prevent exposure of the eyes and skin to the direct
and diffusely reflected beam. .

e. Class V lasers are either Class II, Class III or Class IV lasers
“contained in a protective housing and operated in such a manner
as to be dincapable of emitting hazardous radiation from the
enclosure; a stringent control system shall be installed and
maintained for any laser system to qualify for this classifica-
tion. :

This classification scheme relates specifically to the laser
device itself and its potential hazard, based on operating character-
istics. The extent to which this section is applicable to FDA
facilities utilizing laser or laser systems is dependent on the mag-
nitude of the hazard from these sources within that facility.

For those laboratories using Class II, Class III, and Class IV
lasers, a Laser Safety Officer shall be appointed by the Director. -
This person shall be properly indoctrinated in laser safety and will
have the authority to supervise the control of laser hazards.

If unique problems arise that are beyond the capability of the
Taser user(s) or Safety Officer, assistance can be obtained from the
FDA Radiation Safety Council.

Specific Control Measures

To reduce the controls required and the potential hazard from
a laser source, a complete enclosure of the laser beam (an enclosed
laser) shall be used when feasible. A closed installation (any loca-
tion where lasers are used which will be closed to transient per-
sonnel during laser operation) provides the next most desirable
hazard control measure. Specific control measures to reduce the
possibility of exposure of the eyes and skin to hazardous laser
radiation and to other hazards associated with the operation of



4.0 Specific Control Measures (Cont'd)

those devices are outlined in the "American National Standard for the
Safe Use of Lasers" (ANSI Z-136.1 - 1973), some of which are excepted below.

4.1

4.2

4.3

4.4

4.6

4.7

Class I - Exempt Lasers and Laser Systems:

No control measures or warning labels are required, however,
any needless direct exposure of the eyes should be avoided as a
matter of good practice. :

Class II - Low Power Visible Lasers and Laser Systems

These lasers shall have an appropriate warning label (see
page Warning Signs and Labels) affixed to a conspicuous place on
the laser housing or control panel, or on both the laser hous1ng
and control panel. _

Class III - Medium Power Lasers and Laser Systems

Class III systems shall have engineering controls and- appro-
priate safety mechanisms as an integral part of the system.

‘Examples include beam stops, beam enlarglng systems, enc1osures,

shutters, interlocks, etc.

Classes IIl, IV.and V Lasers and LaserA§ystems

“These shall be operated only in a controlled area (an area -
where occupancy can be controlied).

4.4.1 Special emphasis shall be placed on controlling the beam
path of these type lasers by the use of beam enc]osures

4.4.2 When a beam enclosure cannot be used, the 1aser beam shall

be terminated by a beam stop at the end of the useful path.

Laser Operators

Only authorized personnel'sha11 operate laser systems.

A1l Operators and Other Personnel in the Vicinity of Laser Operations

These personnel shall be duly informed concerning the potential
hazards from these devices.

Spectators .

Spectators shall not be permitted into the laser controlled
areas unless appropriate supervisory approval has been obtained and
protective measures taken.
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4.8 Responsibility of Laser Safety Officer

4.9

The Laser Safety. 0ff1cer shall have the responsibility and
authority to: .

4.8.1

4.8.10

4.8.11

Provide consultation services on lazer hazard evaluation and
control. )

Suspend, restrict, or terminate the operation of a laser
system if he deems that laser hazard control is inadequate.

Use this section and app]icab]e sections of ANSI Z-136.1 -
1973 as official guidelines in providing safe pract1ces
for laser operat1ons

Maintain the necessary records required by applicable
governmenta] regulations.

Provide approved protective equipment to control 1aser hazards
when necessary. -

.6- Submit the names of those_employees to the ‘FDA Radiation

Safety Council who are scheduled to work with any laser
except Class I. These employees will then be scheduled for
medical surveillance.

Maintain appropriate records on medical examinations of
employees and schedule periodic medical examinations.

Survey all areas using laser equipment as frequently as
necessary. _

Review plans for installation and/or modification of laser
equipment relative to laser hazards and their control.

Investigate upon notification of a real or suspected accident
resulting from laser operation and initiate corrective action. .

Post warning signs in appropriate locations and ascertain
that warning systems are functional.

Responsibility of Employees Working With or Near Lasers

4.9.1

4.9.2

4.9.3

4.9.4

An employee will not work with or near a laser until author1zed
by the supervisor of the laser.

Employees must comply with the safety procedures of this sec-
tion and with any regulations prescribed by the laser super-
visor or safety officer.

When an emplioyee knows or suspects that an accident has -
occurred involving a laser, he will immediately notify the
laser supervisor and laser safety officer.

Al emp]oyeeé shall wear prescribed safety equipment and
observe all safety procedures at all times.



5.0 WARNING SIGNS_AND LABELS

The laser hazard symbol shall be represented by a sunburst

pattern consisting of two sets of radial spokes of different ‘
lengths and one longer spoke radiating from a common center. The
color, dimension, and location of the symbol within the sign

shall be as specified in ANSI Z-35.1 - 1972, "Specifications for
Accident Prevention Signs."

5.1

5.2

5.3

The signal word "Caution" shall be used with all signs and
Tabels associated with Classes II and III lasers having an
output power between 1 and 5 mW and a maximum emergent beam

jrradiance of 2.5 mW per cm? as measured over a 7 mm aperture.

The signal word "Danger" shall be used on all signs and
labels associated with Class III lasers other than those
defined above, and Class IV high-powered lasers.

In addition to the appropriate signal word, all signs and
labels will have sufficient space to allow inclusion of
pertinent information. Such information may be included
during the printing of the sign or label or may be hand-
written in a legible manner to include the following infor-
mation:

1) Above the tail of the sunburst: type of laser (Pulsed
Ruby, C. W. Helium - Neon, etc.). _

2) Below the tail of the sunburst: special'pfecautionary

instructions or protective actions required by the reader.
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GLOSSARY

AGREEMENT STATE: Any State with which the U.S. Atomic Energy Commission
has entered into an effective agreement under subsection 274b of the
Atomic Energy Act of 1954, Such states effectively assume the regulatory
control of byproduct material held by the USAEC in non-agreement states,

AIRBORNE 'RADIOACTIVE MATERIAL: Afirborne radioactive material in any
form such as dust, mist, or gas. , :

ALPHA PARTICLE: The nucleus of the helium atom, 4He, a particle with
a mass of four consisting of two protons and two neutrons and having
two units of positive charge; commonly ejected during decay of some
naturally occurring heavy isotopes.

BEAM: An approximately unidirectional flow of e1ectromagnet1c or
parficulate radiation.

USEFUL BEAM: That part of the’ primary radiation which passes through
the cone, aperture, or other co111mat1ng device.

BETA PARTICLE: A particle, having the mass and charge of an electron.
emitted from the nucleus of an atom; most common 1in artifically
produced low atomic mass 1sotopes.

'BREMSSTRAHLUNG Electromagnetic radiation (X-rays) emitted as a
result of the interaction of an electron with the nuclear cou1onb
field of an atom in the target material, -

BYPRODUCT MATERIAL: Any radioactive material (except spec1a1 nuclear
material) yielded in, or made radioactive by, exposure to the radia-
tion incident to the process of producing or utiliz1ng Special nuclear
material.

COLLIMATOR A device for confining a beam of particles or rays w1thin
a defined area and/or direction. _

. COLLISION: An encounter between two subatomic particles (including
" photons) that changes the existing momentum and energy conditions;
- the products of the collision need not be the same as the initial
systems. .

- ELASTIC COLLISION: A c0111sion in which thére is no change 1n'the
internal energy of each participating system or in the sum of the1r
kinetic energies of translation.

INELASTIC COLLISION: A collision in which there are changes in both
the internal energy of one or more of the colliding systems and in the -
. sums of the kinetic energies of translation before and after the coltision.

COMPTON EFFECT: - An attenuation process observed for X- or gamma radiation
Tn which an incident photon {interacts with an orbital electron of an atom
to produce a recoil election and a scattered photon of energy less than the
incident photon. ,
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11.
12.

13.

14,

15.

16.
17.

18.

19.

20,

21,
22,

CONTAMINATION, RADIOACTIVE: Radioactive material deposited in any
place where 1t 1s not desired, and particularly in anv place where
its presence may be harmful.

CONTROL FILM: Film packets used to compute correlation factors for
incidental exposure or emulsion deterioration that may occur in
transit or storage. -

CONTROLLED AREA: Any area whose access is restricted by the user

- for the purpose of 1imiting radiation exposure.

COUNT (MEASUREMENT OF RADIATION): The external indication of a
device designed to enumerate ionizing events; it may refer to
single detected event or to the total registered in a given period
of time; the term is loosely used to designate a d151ntegrat10n, an
jonizing event. or a voltage pulse.

COUNTING RATE METER: A device that gives a continuous 1nd1cat10n of
the average rate of ionizing events.

10

CURIE: The unit of activity equal to 3.7 x 10"~ daisintegrations/second.

DECAY, RADIOACYIVE: Disintegration of the nucleus of an unstable
nucTide‘by the spontaneous emission of charged part1c1es and/or
photons.

DENSITOMETER: An instrument utilizing a photocell to determine the
degree of darkening of developed photographic film.

. DISINTEGRATION, NUCLEAR: The spontaneous breakdown process of a

nucleus of an atom characterized by the emission of energy and/or
mass from the nucleus.

DOSE: According to current usage, the radiation delivered to a
specified area or volume or to the whole body. Units for dose
specification are rads, or rems. In radiology the dose may be
specified in air, on the skin, or at some depth between the
surface; no statement of dose is complete without specification
of location. In recent years there has been an increasing
tendency to regard a dose of radiation in units of rads (tissue),
the amount of energy absorbed by tissue at the site of interest
per unit mass.

"ABSORBED DOSE: The energy imparted to matter by ionizing radiation

per unit mass of irradiated material at the place of interest; the
special unit of absorbed dose is the rad; one rad equals 100 ergs/gram

DOSE RATE: Radiation dose delivered per unit time.
DOSE RATE METER: Any instrument that measures radiation dose rate.
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23. DOSIMETER: A device used to detect and measure an accumulated dose
of radlation; dosimeters include fiim badges, pocket cnamber.. pockon
dosimeters, and f11m rings.

24. DOSIMETRY: Determination of the cumulative dosage of radiation by use
of a aos1meter.

25. EXTERNAL RADIATION: Exposure to ionizing radfation when the source is
Tbcatediqutside the body.

26. FILM BADGE: A pack of photographic film used for approxlmate measure-
ment of radiation exposure.

-27. FILM EVALUATION: Interpretation of images on developed film into
“dosage readings.

28. -FILM PACKET: One or more pieces of calibrated radiation detection
film in a Tight-proof envelope; fits into film folder.

29. FILM RINGS: A fi]m badge in the form of a finger ring..

©30. FLUOROSCOPE: A fluorescent screen suitably mounted with respect to
an X-ray tube for ease in observation and protection, used for
indirect visualization, by means of X-rays, of internal organs in
the body or internal structures in apparatus or in masses of metal.

31. GAMMA RAYS: High energy electromagnetic radiation emitted from
ﬁe nucleus. usually monoenergetic for a particular rad1onuc11de.

32. HALF-LIFE, RADIOACTIVE: Time required for a radioactive substance
to lose 50 percent of its activity by decay; each radioactive 1sotope
has a unique half- llfe. . .

'33. HIGH RADIATION AREA: A radiation area in which there exists a radia-
tion level 1n excess of 100 millirem in any 1 hour. _

34. HUMAN USE: The internal or external administratibn of radioactive
material (byproduct material or otherwise) or the radiation therefrom,
to human beings. .

35. INTERLOCK: A device, usually electrical and/or mechanical in nature,
that prevents activation of a control until a preliminary condition
has been met or prevents hazardous operations; its purpose usually is
safety of personnel or equipment; for example, an interlock may be
provided to prevent withdrawing control rods to start reaction in a
pile until the flow of coolant has been established.

36. IONIZING RADIATION: Any electromagnetic or particulate radlatxon'capn5le
of producing ions, directly or indirectly, in its passage through matter

37. LICENSED MATERIAL: Source material, special nuclear material, or
byproduct material that is authorized for use by the AEC.
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38.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49,

50.

MILLICURIE: The amount of radioactive material that disintegrates at
the rate of 37 million atoms/second; a submultiple of the curie,
0.001 curie. .

MILLIREM: A submultiple of the rem, 0.001 rem.

MONITORING: . Periodic or continuous determination of the amount of
ionizing radiation or radioactive contamination present in an
occupied region as a safety measure for purposes of health
protection. . . o

NEUTRON: An electrically neutral elementary nuclear particle with

~a mass approximately the same as that of a hydrogen atom, Neutrons

are commonly divided into subclassifications according to their
energies as follows: thermal, approximately 0.025 electron-volt;
epithermal, 0.1 to 100 S]ectrog-volts; slow, less than 100 electron-
volts; intermg jate, 10¢ to 10° electron-volts; and fast, greater
than 0.1 x 10° electron-volts.

PAIR PRODUCTION: An absorption process of X- and gamma radiation

in which the incident photon is annihilated in the vicinity of the
nucleus of the absorbing atom with subsequent production of an
electron-positron pair; this reactign only occurs for incident
photon energies exceeding 1.02 x 10° electron-volts.

PHOTO DOSITETRY: Measurement, by means of exposure on the photo-
graphic film of radiation dosage received from beta, gamma, and
X-ray emitting sources including radioactive materials, X-ray
machines, nuclear reaction equipment and nuclear bombardment devices.

PHOTOELECTRIC EFFECT: A process by which a photon ejects an electron
from an atom; all the energy of the photon is absorbed in ejecting
the electron and in imparting kinetic energy to it. :

PHOTON: A quantity of electromagnetic energy whose value in ergs

75 the product of its frequency in cycles per second and Planck s

constant; the equation is E = hv,

POCKET CHAMBER: - A non-self-reading, pencil size, ionization chambe
that requires accessory equipment to charge and to obtain a reading;
usually the charging device is used also. for reading.

POCKET DOSIMETER: A se]f-reading; pencil size ionization chamber
with a built-in electrometer, but usually requiring an accessory
device for “zeroing” or charging.

POSITRON: A particle having the mass of an electron and umt
positive charge.

PROTON: A particle having one mass unit and unit positive charge.
A singly ionized hydrogen atom.

QUALIFIED EXPERT- A person having the knowledge and training needed

to measure radiation and to advise regarding radiation hazards.
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51.

52.

- 53.

54.

55.

56.

RAD: The un1t of absorbed dose (100 ergs/gram); measure of energy
Tmparted to matter by ionizing particles per unit of mass of
1rrad1ated material at the point of interest. The material must
be specified. e.g., rads (tissve).

RADIATION:

(a) The emission and propagation of energy through space or through
a material medium in the form of waves; for instance, the emission
and propagation of electromagnetic waves or of sound and elastic
waves.

(b) The energy propagated through space or through a material medium
as waves; for example, energy in the form of electromagnetic waves or
of elastic waves. The term radiation or radiant energy, when
unqualified, usually refers to electromagnetic radiation; such
radiation commonly is classified, according to frequency, as Hertzian,
infrared, visible (light), ultrav101et X-ray, and gamma ray. (See Photon . )

(c).- By extension, particulate emission, such as alpha and beta radiation,
or rays of mixed or unknown type, such as cosmic radiation.

"RADIATION AREA: An'area accessible to personne1'1n'wh1ch there exists

radiation at such Tevels that a major portion of the body could receive

in any 1 hour in excess of § m1111rems or in any 5 consecutive days a
dose of 100 millirems. .

RADIATION PROTECTION GUIDES (RPG) That radiation dose above wh1eh a
person should not be exposed in a specified interval of t1ne without
a carefu] consideration of the reasons for doing so.

RAD!OACTIVE MATERIAL. Any material, whether or not under licensing

control of the AEC, that emanates e]ectromagnetic and/or particulate
radiations capable of producing ion pairs in the absorbing medium;
includes both naturally occurring radioactive elements as well as
byproduct, source, and special nuclear material.

RADIOACTIVITY: Process whereby certain huciides under§o spohtaneous

disintegration in which energy is llberated generally resulting in
the formation of new nuclides; the process is accompanied by the
emission of one or more types of radiation, such as alpha or beta

~ particles or gamma photons.
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57.

REM (ROENTGEN EQUIVALENT MAN)::. A unit of measurement-of ionizing
radiation dose to body tissue in terms of its estimated biological
effect related to a dose of 1 roentgen of X-rays [1 millirem ?mrem)

= 0.001 rem]. The relation of the rem to the other dose units depends
upon the biological effect under consideration and upon the conditions
of irradiation. For the purpose of this regulation, any of the follow-
ing is considered to be equivalent to a dose . of 1 rem:

a. An exposure'ofll roentgen due to X- or gamma radiation.
b. A dose of 1 rad due to X-, gamma, or beta radiaticn.
c. A dose of 0.1 rad due to neutrons or-high energy protons.

d. A dose of 0.05 rad due to'particles heavier than protons
and.with sufficient energy to reach the lens of the eye.

It is more convenient to measure the neutron flux, or equivalent, than
. to determine the neutron dose in rads; as provided in ¢ (above), 1 rem

of neutron radiation may, for the purposes of this regulation, be
assumed to be equivalent to 14 million neutrons/square centimeter
incident upon the body; or if there exists sufficient information
to estimate with reasonable accuracy the approximate distribution
in energy -of the neutrons, the incident number of neutrons per
square centimeter equivalent to 1 rem may be estimated from the
following table.

Average Flux to

o -No. of Neutrons/cm2 Deliver 100 millirem
‘Meutron Energy Equivalent to a Dose of in 40 25 (neutrons/
(MeV) 1 rem (neutrons/jcm?) cm©/sec)

Thermal 970 X 10° 670
0.0001 720 X 106 500
0.005 820 X 106 570
0.02 400 X 106 280
0.1 120 X 106 80
0.5 43-x 106 - _ 30
1.0 26 X 108 - 18
2.5 29 X 106 20
5.0 26 X 106 18
7.5 24 X 100 17
10.0 24 X 108 17
10.0 to 30.0 ' 14 x 106 10
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58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

RESTRICTED AREA: See Controlled Area.

ROENTGEN : That quantlty of X- or gamma irradiation that will produce
1 statcou omb of negative ions and 1 statcoulomb of positive ions at 0° C and
760 millimeters of mercury pressure in 1 cubic centimeter of air (s1P) = 1.61

“x 101240n pairs/gram-mass air = 6.8 X 104 megaelectron-volts/cubic centlmeter

of air (STP). (STP is standard temperature and pressure. )

‘SEALED SOURCE: Any radioactive material -that is encased in, and is to be used

in, a container in a manner intended to prevent leakage of the radiocactive
material or any of its daughter products.

'SOURCE MATERIAL: Any material, except fissionable material which contains

by weight one-twentieth of 1 percent (0.05 percent) or more of (a) uran1um,
(b) thorium, or (c) any combination thereof.

SPECIAL FORM RADIOACTIVE MATERIALS: Radioactive materials in which the radio-

active material is in massive solid form or encapsulated and which if released
from a package might present some direct radiation hazard but would present
little radiotoxicity hazard as a result of the inherent properties of .the
material (such as metals or alloys) or character1st1cs acquired through
encapsulation.

SPECIAL NUCLEAR MATERIAL: (a) P]utonium, 233U, uranium enriched in the
isotope 233 or in the isotope 235, and any other material that the NRC
determines to be special nuclear material, not including source material; or
(b) any material artificially enriched by any of the foregoing not including
source material.

. SURVEY, RADIOLOGICAL: ‘Evaluation of the radiation hazards incident to the

production, use, or existence of radioactive materials or other sources of
radiation under a specific set of conditions; such evaluation customarily
includes a physical survey of the disposition of materials and equipment,
measurements of estimates of the levels of radiation that may be involved,
and a sufficient knowledge of processes using or affecting these materials
to predict hazards resulting from expected or possible changes in materials

- or equipment.

-THERMOLUMINESCENT DOSIMETER (TLD): A 1ithium flouride chip used for
.measurement of rad1at1on exposure.

TRANSPORT INDEX: A number to be placed on a package Tabel to designate the.

degree of control to be exercised by the carrier during transportat1on of

radioactive materials. (49 CFR 173.389 (i) Typically, this is the highest ‘
radiation dose rate in millirem per hour at three feet from any access1ble o
external surface of the package. : . .

" WEARING PERIOD: The length of time during which a film packet or TLD is worn

by the individual being monitored; usually, service is.furnished for a 1
month period.

X-RAY: Penetrating electromagnetic radiations hav1ng wavelengths shorter than
those of visible light; they are usually produced by bombarding a metallic
target with fast electrons in a high vacuum; in nuclear reactions, it is
customary to refer to photons originating in the nucleus as gamma rays and

to those originating in the extra nuclear part as X-Rays.

X-RAY AREA: Any area where an X-radiation hazard exists.
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§ 1910.96 lonizing radiatlon.

(a) Definitions applicadble to this rec-
tion. (1) “Radiation” includes aipha
rays, beta rays, gamma rays, X-rays,
necutrons, high-speed electrons, high-
speed protons, and other atomic parti-
cles; but such term does not include
sound or radio waves, or visible light,
or infrared or ultraviolet light.

(2) “Radioactlve material” means
any material which emits, by sponta-
neous nuclear disintegration, corpuscular
or electromagnetic emanations.

(3) “Restricted area”™ means any ares
access to which is controlled by the
employer for purposes of protection of
individuals from exposure to ndnt!on
or radioactive materlals,

(4) “Unrestricted area™ means any
area access to which is not controlled
by the employer for purposes of protec-
tion of individuals from exposure to

_radiation or radioactive materials,

(5) “Dose” means the quantity . of
fonlzing radiation absorbed, per unit of
mass, by the body or by any portion of
the body. When the provisions In this
section specify a dose during a perlod
o! time, the dose Is the total quantity
of radiation absorbed, per unit of mass,
by the body or by any portion of the

. body during such period of time. Several
different units of dose are in current .

CHAPTER XVI!I - Occupational Safety
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use. Definitions of units used in this
section are set forth in subparagraphs
+8) and (7) of this paragraph.

(6) “Rad” means s measure of the
dose of any fonizing radiation to body
tissues In terms of the energy absorbed
per unit of mass of the tissue, One rad
is the dose corresponding to the absorp-
tion of 100 ergs per gram of tissue (1
millirad (mrad) =0.001 rad).

(1) “Rem” means a measure of the

. dose of any fonizing radiation to body tis- -
.~ sue in terms of its estimated biological

effect relative to a dose of 1 roentgen (r)
of X-rays (1 millirem (mrem)=0.001
rem), The relation of the rem to other
dose unitr depends upon the blological
efTect under consideration and upon the
conditions for irradiation. Each of the
following is considered to be equivalent
to & dose of 1 rem:

(1) A dose of 1 roentgen dus to X- or
gamra radiation:

(1) A dose of 1 red due to X-, gamma,
or beta radiation; .

(Ui1) A dose of 0.1 rad due to neutrons
or high energy protons;

(iv) A dose of 0.05 rad due to particles
hemler than protons and with sufficient
energy $o reach the lens of the eye:

(v) If it §s more convenient to measure
the neutron flux, or equivalent, than to

determine the neutron dose in rads, as.

provided In subdivision (ii1) of this sub-
paragraph, 1 rem of neutron radiation
may, for purposes of the provisions in
this section be assumed to dbe equivalent
to 14 million neutrons per square cent!-
meter Incldent upon the body; or, if there
1s sufficlent informatlon to estimate with
reasongble accuracy the approximate
distribution in energy of the neutruns,
the incldent number of neutrons per
square centimeter equivalent to 1 rem
may be estimated from Table Q-17:

Tastr G-13~-Ngomox Fruz Dost EQUIvALENTY

Neutron Number ol Aversge flux
energy neutrons per to deliver
(mtlilon square centinmeter 100 miliirems
electron ulvalent toa In 40 hours
solts (Mev)) oflrem - (neutronsiem?
(neutronsicm? per sec.)
Them . 0 X 100 470
0.00:1 . 1.0 X 10 [T 7]
0.008.. . £20 X 100 370
0.02 400 X 100 n0
0. 120 X 100 0
0.8. 43 X 100 N
lu. 2 X 100 18
28, ” X1 ®
3.0. 26 X 10 18
148. M X100 17
10. M X 10 "
1 X110 10
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(8) For determining exposures to X-
or gamma rays up to 3 Mev,, the dose
limits specified in this section may be
assumed to be equivalent to the “alr
dose”. For the purpose of this section “air
dose” means that the dose {s measured by
a properly csalibrated appropriate in.
strument in air at or near the body sur.
face In the region of the highest dosage
rate,

(b) Ezposure of individuals to radia-
tion -in restricted areas. (1) Except as
provided in subparagraph (2) of this
paragraph, no employer shall possess,

. use, or transfer sources of lonlzing radi-

ation in such & manner as to cause any
individual in a restricted area to re-
celve in any period of one calendar quar-
ter from sources in the employer's pos-
session or control a dose in excess of the.
limits specified in Table G-18:
Tastz O-18
Rems
per
cclendor
. quarttr
Whole body: Head and trunk; active
blood-forming organs; lem of eyes:
Of GODRAS..cccccccccciccccncanane
Hands and forearms; teez and ankles. !0%
Bk.!n of whole bodfaccacccncaccnaas

(2) An employer mly permit an ln-
dividual in a restricted area to receive
doses to the whole body greater than
those permitted under subparagraph (1)
of this paragraph, 80 long as: -

(1) During any calendar quarter the
dose to the whole body shall not exceed
3 rems: and

1) The dose to the whole body, when
added to the accumulated occupational
dose to the whole body, shall not ex-

“ceed 5 (N-18) rems, where “N” equals

the individual’s age in years at his last
birthdey: an

(1i1) The employer maintains ade-
quate past sand current exposure rec-
ords which show that the addition of
such a dose wiil not cause the individual
to exceed the amount authorized in this
subparagraph. As used in this subpara-
graph “Dose to the whole body” shall
be deerned to include any dose to the
whole body, gonad, active bloodforming
organs, head and trunk, or lens of the
eye.

(3) Noemployer shall permit any em-
ployee who {s under 18 years of age to
recetlve In any period of one calendar

. quarter a dose in excess of 10 percent of

the limits specified in Table G-18.
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(4) “Calendar quarter’’ means any 3-
month period determined as follows:

(1) The first period of any year may
begin on any date in January: Provided,
That the second, third, and fourth peri-
ods accordingly begin on the same date
in April, July, and October, respectively,
and that the fourth period extends into
January of the succeeding year, if nec-
essary to complete & 3-month quarter,
During the first year of use of this meth.
od of determlnation, the first perlod for
that year shall also include any addi.
tional days in January preceding the
starting date for the first period: or

(1) The first period in a calendar
year of 13 complete, consecutive calen-
dar weeks: the second perlod In a cal-
endar year of 13 ‘complete consecutive
weeks; the third perfod in & calendar

" year of 13 complete, consecutive calen-

dar weeks: the fourth period in a calen-
dar year of 13 complete, consecutlve
calendar weeks. If at the end of a cal-
endar year there are any days not fall-
ing within a complete calendar week of
that year, such days shall be Included
within the 1ast complete calendar week of
that year. If at the beginning of any
calendar year there are days not falling
within a‘complete calendar week of that
year, such days shall be included within
the last complete calendar week of the
previous year, or

(i) The four perlods in a calendar
year may consist of the first 14 -com-
plete, consecutive calendar weeks; the
next 12 complete, consecutive calendar
weeks, the next 14 complete, consecutive

" calendar weeks, and the last 12 complete,

consecutive calendar weeks, If at the end
of a calendar year there are ary days not
falling within a complete calendar week
of that year, such days shall be tncluded
(for purposes of this section) within the
last complete calendar week of the year.
1¢ at the beginning of any calendar year
there are days not {alling within a com-
plete calendar week of that year, such
days shall be included (for purposes of
this section) within the last complete
week of the previous year,

. (5) No employer shall change the
method used by him to determine calen-
dar quarters except at the beginning of
a calendar year.

(¢c) Ezxposure to airborne radioactive
material. (1) No employer shall possess,
use or transport radloactive material in
such a manner as to cause any employee,
within a restricted area, to be exposed to
atrborne redioactive material in an aver-

age concentration in excess of the Jimits
specified in Table 1 of Appendix B to 10
CFR Part 20. The Umits given in Table }
are for exposure to the concentrations
speclified for 40 hours 1n any workweek of
7 consecutive days. In'any such period
where the number of hours of exposure s
less than 40, the limits specified in the
table may be increased proportionately
In any such.period where the number of -
hours of exposure is greater than 40, the
limits specified {n the table shall be de-
creased proportionately.

(2) No employer shall possess, use, or
transfer radicactive material in such »
manner as to cause any individual within
a restricted area, who {s under 18 years
of age, to be exposed to airborne radlo-
active material in an average concentra-
tion in excess of the lmits specified in
Table 1I of Appendix B to 10 CFR Part
20. For purposes of this subparagraph,
concentrations may be averaged over pe-
rods not greater than 1 week.

(3) “Exposed” as used in this para-
graph means that the individual is pres-
ent in an airborne concentration. No
allowance shall be made for th> uce ¢/
protective clothing or equipment, or par-
ticle alze, .

(d) Precautionary procedures and
personal monitoring, (1) Every employer
shall make such surveys as may be neces-
sary for him to comply with the provi-
stons In this section. “Survey” means an
evaluation of the radiation hazards in-
cident to the production, use, release,
disposal, or presence of radicactive mate-
rials or other sources of radlation under
a specific set of conditions. When appro-
priate, such evaluation includes a physi-
cal survey of the location of materials
and equipment, and measurements of
levels of radiation or concentrations of
radfoactive material present,

(2) Every employer shall supply ap-
propriate personnel monitoring equip-
ment, such as film badges, pocket.cham-
bers, pocket dosimeters, or fllm rings, to,
and shall require the use of such equi
ment by: :

(1) Each employee who enter: a re-
stricted area under such circumstances
that he receives, or is likely to recelve, a
dose in any calendar quarter in.cxcess of
25 percent of the applicable value spect-
ne%m paragraph (b) (1) of this section:
an )

(1) Each employee under 18 years of
sge who enters a restricted area under
such circumstances that he receives, or
13 likely to receive, & dose In any calendar
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quarter In excess of 5 percent of the ap-
o*icable value specified in paragraph
b1 (1) of this section: and

«lii) Each cmployee who enters 8
nigh radiation area.

¢3» As used in this sectlon:

{2 “Personnel monitoring equipment”

mecans devices designed to be worn or:

zarricd by an Individual for the purpose
of measuring the dose received (e.g.. ilm
badges, pocket chambers, pocket dosun-
eters, film rings, etc.) ;

(i) “Radiation ares™ mems any ares,
accessible to personnel, in which there
exists radiation at such levels that a
major portion of the body could recclve
in any ) haur a dose In excess of § milll-
tem, or in any 5 consecutive days & dosa
tn excess of 100 millirem: and

111) “High radiation area’ means any
area, accessible to personnel, in which
there exists radiation at such levels that
a major portion of the body could re-
ceive in any one hour a dose in excess of

.00 millirem,

¢) Caution signs, labels, and tignals—
(1) General. (1) Symbols prescribed by
this paragraph shall use the conventional
radiation caution colors (magenta or
purple on yellow background). The sym-
bul prescribed by this paragraph is the
conventional three-bladed design:

RADIATION SYMBOL
1. Cross-hnlci\ed area Is to be magenta

or puv ple.
Background Is to be yeliow.
60
60°
A
2
"—‘-5A—‘T"
Ficure G-10

. bosted with a sign or signs bearing the.

-

(i) In addition to the contents of
signs and labels prescribed in this para-
graph, employers may provide on or near
such slgns and labels any additional in-
formation which may be appropriate in
alding indlviduals to minimize exposure
to radiation or to radioactive material.

\2) Radiation area. Each radiation
area shall be conspicuously posted with a
sign or signs bearing the radiation cau-
tion symbol described in subparagraph
(1) of this paragraph and the words:

CAUTION ’

RADIATION AREA
\3) High radiation area. (1) Each high
radiation area shall be conspicuously
radiation caution ay'mbpl and the words:

~ CAUTION
HIOH RADIATION AREA

(i) Each high radiation area shall

be equipped with & control device

which shall either cause the lezel of
radiation to be reduced below that at
which an Individual might recelve a dose
of 100 millirems in 1 hour upon entry

Into the area or shall energize a con- -

spicuous visible or audible alarm signal
in such a manner that the Individual
entering and the employer or a super-
visor of the actlvity are made aware of
the entry. In the case of a high radiation
area established for & period of 30 days
or less, such control device is not
“airborne radioactivity un" mems
required.

(4) Airdorne radioactivity area. (!) As
used In the provisions of this section,

fa) Any room, enclosure, or operating
area In which airborne radioactive ma-
terials, composed wholly or partly of
radioactive material, exist in concentra-
tions tn excess of the amounts specified
in column 1 of Table 1 of Appendix B
to 10 CFR Part 20 or

b Any room, enclosure, or opentlng
area In vhich sirborne radioactive ma-
‘erials axisi i concentrations which, av-
eraged over the number of hours tn any

week during which ‘individuals are in -

the aren, exceed 25 percent ‘of the
amounts specified in column 1 of ‘rable
1 of Appendix B to 10 CFR Part 20.'7. ;- :

(1) Each airborme ndloncth.ity area

ghall be consplcuously posted with a sign

or signs bearing the radiation caution
symbol described in subparagraph (1)
of this parsgraph and the words:

-
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CAUTION (), For laboratory contalners; such ay

Lmnom mmot\cuvm Am . beakers, Qlasks,’ and , test. tubes,icused -

translently in.. laboratorygtprocedu-es

“1). Each aren'or foom in which'radlo, “hen the user, 1S presentn uor uli
sctivesmaterialvis' used’ or ‘stored .and, "Uvl"Where contilners are ;used :for-

which.contains sny radidactive material, 3torage. the labels required.in,this eud.
(others than!: natu¥~al uranling’ or,; ,t:fi& - paragraph shallstate also the quantities

" rium» in‘any imount ‘exceeding 10 times %04 kinds'of fadidactive materlals in thes

the quantity of suchmaterial spécified n, CONtAIneErs ind the date of measurement -
Appendix:C-t0°10 CFR Part 20 shal be of (“*;zjn"::;g“}u‘: . EJEwZ’i«L Fe
W -y el -
gﬁ?;?%se’xmﬁgox: c:;'mg: ?y:,‘,ﬁ signali=(1)" Signal - characteristics. (1)«
described cin“sibparagraph ‘(1)°'of this . The lgnal shall be & midtrequency com-
paragraph and the-words: " plex sound wave amplitude'modulated at «
A & subsonlc fréquency, The complex sound.
“2CATTION . whve In free space. shall -have.s funda.rr
:» RADIOACTIVE MATERIALG . -%°  méntal’ fréquency, (1), between :450 :and ¢
i) <Each area-or room fn ‘which ‘nag:" ¢ 500 hertz (Hz) modulated: at:s subsonic.?
ural: uranfum :orithor;um 4s"used ‘or'" rate between 4 and S hertz, 107 Y 2 o
stored in an amount exceeding 100'times** (1) The slmal generator, ahall not be
the quantity of such material specified in  Jess than 75 .declbels at every.location::
10 CPR Part 20 shall be conspicuously ~ Where."sn individual’ may,:be: present-i:
posted withi s 81gn’or #lgns bearing the Whose immediate, .rapld, and :complete
radiation.caution , symbol :described 'in _ev&cuation is essentlal, .,oi 5o yaic st Suise

bp. nmph £1) of this paragraph and = (1817 °A sufficient number of signal units 5.
fare. N ,.,’3?‘, mp.. ) shall be irstalled such that the:require-

i - : ments of subdivision (11)-of thluubpm- .
TON * - graph‘aré met at every location =<tere.si:
mmoacnvn m"ﬂ-f{‘mw ¢1 3. an’individus] may bé present whose:im-; >3
(s) Conta:nm, 1) Each contalner in:~: medlate, rapid,'and complete evacuation .
which'is‘transported, -stored, or -used :a 18 essential.’ et G Lwinypiam b
quantity. of “any  rsdicactive: material * (iv) The'signal shall be’unique in.the..
(other: than' Batural..uranium .or :tho- ~plant or facility in which it i# installed
rum) greater than the quantity of auch* (v) The minimum' duration” of thc ’
CFR Part 20 shall bear a durable, clearly~ :-all affécted persons hear the ‘signal.’.
visible Jabel bedring the radiation cautlon = - (V1) The signal-generating _ system™.
symbol described .in mbpanznph ) hall respond sitomatically to an’ initiat. *
of this mmmph “and the words . soo ing event without requlruu -.n,y humm
e u'non-w P o utiontonoundtheﬂmu
Ly T OR . vz (2) Deslgn obectives. (1) The dzml
VALD vnp i ’cenentlnge system shall g!e S”"gfdm“
" -+ incorporate components which enable the
whlch mtural . .System to produce the desired signal eu:h
,.ime (¢ 18 ‘activated withis one-ha.lf uc-
ond of activation. %, i - N
(1) The :tmnl-zenent(n: system sh;!l %
be provided with an automatically ‘aett-=T%
‘vated secondary power uupply ‘which 13~

QG

b4 ey, @i

(ID Each gonulner‘

stored, f
1¢ times’ the‘quunuty specified in Appcn-
dix C'to, 10 CFR Part ;20 shall:bear:a-
durable. clcarly visibie lube] benrln( the‘

"\'nected if operation durln: power fallure
- “43 necessary, except in'those ‘systems us-
- ing batteries as the pr iary. source of

the words. R  wrqmare 283300 d
v cw'non,.

RADIOAC’I'IV! MA'ﬂTRlALB tiah
(lll) Notwuhstnndlnz Tthe” provlslons

- 1
of subdivisions: (1) ‘and" (i) ‘61 this sub: e;’i&uﬁ]‘l :;;?ex:ne'r}x,t:" °§e‘§’:c:g:;"w
paragraph alabel shall not-beé'required: .provide maximum practicable protection
() :1f ‘the concentration “of ul° Jma- . ggalnst damage In case of fire, explosion.
terial .{n the'conlafner does not’ exceed ... corroalve atmosphere, .or other environ-
that apecified in column™3 ‘of Ttble ! of mental extremes consistent with tde-
Appendix B 1010 CFR Part 20 ' or quau system performance.:irii
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(1v) The signal-generating system shall
be designed with the minimum number of
components necessary to make It func-
tion ns intended, and should utllize com-

ponents which do not require {requent .

servicing such as lubrication or cleaning.

(v) Where several activating devices
teed activating Information to a central
signal generator, fallure of any activat-
ing device shall not render the signal-
generator system inoperable to activat-
ing information from the remalning
devices.

(vl) The dzml-genenﬂnz system
shall be designed to enhance the prob-
abllity that alarm occurs only when lm-
medlate evacuation Is warranted. The
number of false alarms shall not be so
great that the slgnal will come to be
disregarded and shall be low enough to
minimize personal injuries or excessive

‘property damsage.that might result from

such evacuation.

(3) . Testing. (1) Initial tesu inspec-
tions, and checks of the signal-generat-
Ing system shall be made to verify that
the fabrication and installation were
made in accordance with design plans
and specifications and to develop a thor-
ough knowledge of the performance of

the system and all components under.

normal and hostile conditions.

(1) Once the system has been placed
In service, perjodic tests, inspections, and
checks shall be made to minimize the
possibility of malfunction.

(1i1) Followinz significant alterations

. or revisions to the system, tests and

checks similar to the initial installation
tests shall be made. - -
_ {iv) Tests shall be designed to minimize
hazards while conducting the tests.

(v} Prior to normal operation the
signal-generating system shall be
checked physically and functionally to

. assure reliabllity and to demonstrate ac-

curacy and performance. Specific tests
shall include:

(a) All power sources. ’

(b) Calibration and celibration sta-
dllity.

(¢) Trip levels and stability.

(d) Continuity of function with loss
and return of required services such as
AC or DC power, uir pressure, ete

(e) All Indicators.

(/) Trouble indicator circuits l-l‘d sig-
nals, where used.

(a) Alr pressure (If used)

(h) Determine that sound level of the
signal Is within the lmit of subpara-
graph (1)) of this paragraph at
all .points that require immediate
evacuation. .

(vD) In addition to the initia] startup
and operating tests, perfodic scheduled
performance tests and status checks
must be made to Insure that the system
1s at all times operating within design
Iimits and capable of the required re-
sponse. Specific perlodic tests or checks
or both shall {nclude:

(a) Adequacy of signal u:tlvaﬁon
device.

(b) All power sources. )

(c) Function of all alarm circuits and

trouble lndlcator clrcum including trtp‘

levels.

(d) Afr pressure (If used).

(e) Function of entire system includ-
ing operation without power where
required.

(/) Complete operational tests !nclud-
ing sounding of the signal and determi-
nation that sound levels are adequate.

(vi]) Perfodic tests shall be scheduled
on the basis of need, experience, difi-
culty, and disruption of operations. The
entire system should be opemuonauy
tested at least quarterly. .

(vit) All employees whose work may
necessitate their presence in an area cov-.
cred by the signal shall be made famil-
lar with the gctual sound of the signal—
preferably as It sounds at their work
location, Before placing the system into
operation, all employees normally work-
ing in the area shall be made acqualinted
with the signal by actual demonstration
at their work locations.

(g) Ezceptions from posting require-
ments. Notwithstanding the provisions
of paragraph (e) of this section:

(1) A room or area is not required to
be posted with a cuution sign because of
the presence of a sealed source, provided
the radiatfon level 12 inches from the sur-
face of the source container or housing
does not exceed 5 millirem per hour.

(2) Rooms or other areas in onsite
medical facllities are not required to be
posted with caution slgns because of the
presence of patients contelning radlo-

active material, provided that there are.

personnel In attendance who shall take
the precautions necessary to prevent the
exposure of any individual to radiation or
radloactive material In excess of the
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limits established In the provisfons of
this section.

(3) Cautlon signs are not required to
be posted at ereas or rooms contalning
radioactive materials for periods of less
than 8 hours: Provided, That

(1) The materials are constantly at-
tended during such perlods by an in-
dividual who shall take the precautiorns
necessary to prevent the exposure of any
{individual toradtation or racdioactive ma-
terials in excess of the limits established
in the provislons of this section; and

(1) Such area or room ls subject to
the employer’s control.

(h) Exemptions for radioactive mate-
rials packaged for shipmeat. Radloac-
tive materials packaged and labeled in
accordance with regulations of the De-
partment of Transportation published in
49 CFR Chapter I, are exempt from the
labeling and posting requirements of this
subpart during shipment, provided that
the {nside contalners are labeled in ac-
cordance with the provisions of para-
graph (e) of this section.

(1) Instruction of personnel, posting.
(1) Employers regulated by the Atomlc
Energy Commission shall be governed by
10 CFR Part 20 standards. Employers In

‘a State named in paragraph (p)(3) of

this section shall be governed by the re-
quirements of the laws and regulations
of that State. All other employers sha.ll
be regulated by the following:

(2) All individuals working in or fre-
quenting any portion of a radiation arca
shall be {nformed of the occurrcnce of
radionctive materlals or of radiation In
such portions of the radlation arca; shell
be instrusted In the safety problems as-
soclated with exposurce to such materiels

or radlation and in precautions or devices -

to minimize exposure: shall be Instructed
in the applicadle provisions of this sec-
tion for the protection of employecs from
exposure to radiation or radloastive ma-
terials; and shall be advised of reports
of radlatlon exposure which employees
may request pursuant to the remlauons
in this sectlon.

(3) Each employer to whom this sec-
tlon applles shall post a current copy
of its provisions and a copy of the op-
erating procedures applicable to the work
consplcuously in such locatiors as to
insure that employees worklng in or {re-

. quenting radlation areas will observe

these documents on the way to and from

thelr place of employmeant, or shall keep
such documents avallable for examina.
tion of employees upon reguest.

(J) Storage of radiocctive materigls.
Radloactve materials stored in a non-
~adintion area shall be secured against
unauthorized removal {rom the place of
storage.

(k) Waste disposal. No employer shall '

dispose of radloactive matesial except by

transfer to an authorized reclpient, or in

a manner approved by the Atomlc Energy
Commisslon or a State nameg in para-
graph (p) (3) of this section.

(1) Notification of incidents—(o ) Im-
mediate notification. Each employer
shall Immediately notify the Assistant
Secretary of Labor or his duly author-
ized representative, for employces not
protected by the Atomic Energy Commls-
slon by means of 10 CFR Part 20; para-
graph (p)(2) of this section, or the re-
quirements of the laws and regulations
of States named In paragraph (p)(3) of
this section, by telephone or telegraph of
any incident {nvolving radiation which
may have caused or threatens to cause:

(1) Exposure of the whole bedy =1 an:
individual to 25 rems or mcre of radia-
tion; exposure of the skin of the whole
body of -any indlvidual to 150 rems ot
more of radiation; or exposure of the
feet, ankles, hands, or forearms of any

{ndividual to 375 rems or more of radla- ‘

tion; or

1) The rclease of radicactive mate-
rial In concentrations which, if averaged
over a perlod of 24 hours, would exceec
5.000 times the Iimit specl.‘led for such

mater{als In Table IT of Appendix B to.

10 CFR Part 20.

(1) Alossof} worunx weex of more
of the operation of any facilitles affected:
or

(lv) Damage to property ln excess of
$100,000.

A2) Twenty-four hour notxﬂcauon
Each employer shall within 24 hours {ol-
lowing Jts occurrence notify the Assistant
Secretary of Labor or his duly author-
ized representative for employces not
protected by the Atom!c Energy Com-
mission by means of 10 CFR Part 20,
paragraph (p)(2) of this sectlon, or the
requirements of the laws and applicadble
regulations of States named In paragraph
(p) (3) of this section, by telephone or
telegraph of any incldent involving mad!-
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ation which may have caused or threat-
ens to cause:

“(§) Exposure of the whole body of any
tndividual to 5 rems or more of radiation;
‘exposure of the skin of the whole body
of any individual to 30 rems or more of
radiation: or exposure of the feet, ankles,
hands, or forearms to 75 rems or more
of radiation; or
.. dl) Aloss of 1 day or more ot the op-
eratlon of any facilities; or

1) Damage to ptopcrty In excess of
$10,000. .

m) Reports o/ overexposure and ex-
cessive levels and concentrations. (1) In
addition to any.notification required by
paragraph (1) of this section each em-

ployer shall make & report in writing.

. within 30 days to the Assistant Secretary
of Labor or his duly authorized repre-
sentative, for employees not protected by
the Atomic Energy Commission by means
of 10 CFR Part 20; or under parsgraph
1p1(2) of this section, or the require-
ments of the laws and regulations of
States named In paragraph (p){(3) of
this sectlon, of each exposure of an indi-
vidua) to radiation or concentrations of
radioactive material in excess of any ap-
plicable limit In this section. Each report
required under this subparagraph shall
describe the extent of exposure of per-
sons to radiation or to radioactive ma-
terlal; levels of radlation and concentra-
tioh of radioactive material involved, the
cause of the exposure, levels of concen-
trations: and corrective steps taken or
planned to assure against a recurrence.
... {2) In ahy case where an employer is

required pursuant to the provisions of

. this paragraph to report to the U.S. De-
" partment of Labor any exposure of an
individual to radiation or to concentra-

tions of radioactive material, the em-

ployer shall also notlfy such individual
of the nature and extent of exposure.

Such notice shall be in writing and shall -
contain the following statement: “You -

should preserve this report for future
reference.”

tn) Records. (1) Fvery employer shal)
malntain records of the radiatlon ex-
posure of all employees for whom per-
sonnel monlitoring s required under
paragraph (d) of this section and ad-
vise each of his employces of his individ-
ual exposure on at least an annual basis

(3) Every employer shall meintaln
records In the same units used in tables

Title 29—Labor

in paragraph (b) of this section and
Appendix B to 10 CFR Part 20.

(0) Disclosure to former employee of
individual employee’s record. (1) At the
request of a former employce an em-

ployer shall furnish to the emplovee a -

report of the employee’s exposure to radl-
atlon as shown In records malntained
by the employer pursuant to paragraph
(n) (1) of this section. Such report shall

be furnished within 30 days from the

time the request is made, and shall cover
cach calendar quarter of the individual's
employment involving exposure to radi-
ation or such lesser period as may be re-
quested by the employee.” The report
shall also Include the results of any cal-
culations and analysis of radlosctive
material deposited in the body of the

employee. The report shall be in writ--

ing and contain the following statement:

“You should preserve this report for

future reference.”

(2) ‘The former employee's request
should include appropriate identifying
data, such as soclal security number and
dates and locations of employment.

(p) Atomic Energy Commission li-
censees—AEC. ~ conlractors operating
AEC plants and facilities—AEC Agree-
ment State licensees or repistrants. (1)
Any employer who possesses or uses
source material, byproduct material, or
special nuclear material, as defined In
the Atomic Energy Act of 1954, as
amended, under a license issued by the
Atomic Energy Commission and in ac-
cordance with the requirements of 10
CFR Part 20 shall be deemed to be In
compliance with the requirements of this
section with respect to such possession
and use,

(2) AEC contractors operallnz AEC
plants and facllitles: Any employer who
possesses or uses source material, In -
product material, special nuclear mate-
rial, or other radiation sources under
a contract with the Atomic Energy Com-
misslon for the operation of AEC plants
and facilitles and In sccordance with
the standards, procedures, and other re-
quirements - for radiation protection

" established by the Commission for such

contract pursuant to the Atomic Energy
Act of 1954 as amended (42 USC.
2011 et seq.), shall be deemed to be in
compliance with the requirements of this
section with respect to such possession
and use.

7_6'f 1



Chapter XVIil—Occupational Safety ond Health Admin. § 191096

(3) AEC-agreement State licensees or
registrants:

(§) Atomic Energy Act sources. Any
employer who possesses or uses source
material, byproduct materlal, or speclal

nuclear material, as defined in the

Atomic Energy Act of 1854, as amended
(42 U.S.C. 2011 et seq.), and has either
registered such sources with, or {s.operat-
ing under a license issued by, a State
which has an agreement in effect with
the Atomic Energy Commission pursuant
to section 274(b) (42 U.S.C. 2021(b) of
the Atomic Energy Act of 1854, =as
amended, and in accordance with the re-
quirements of that State’s laws and regu-
lations shall be deemed to be {n compll-
ance with the radlation requirements of
this section, insofar as his possession and
use of such material is concerned, unless
the Secretary of Labor, after conference
with the Atomic Energy Commlssion,
shall determine that the State's program
for. control of these radiation sources is
incompatible with the requirements of
this section. Such agreements currently
are in effect only in the States of Ala-
bama, Arkansas, California, Kansas,
Kentucky, Florida, Mississippl, New
Hampshire, New York, North Carolina,
Texas, Tennessee, Oregon, 1daho, Ari-
sons, Colorado, Louisiana, Nebrasks,
Washington, Maryland, North Dakota,
Bouth Carolina, and Qeorgia.

(11) Other sources. Any employer who

possesses or uses radiation sources other’

than source material, byproduct mate-
rial, or special nuclear material, a3 de-
fined in the Atomic Energy Act of 1054,
as amended (42 US.C. 2011 et seq.), and
has either registered such sources with,
or is operating under a license issued by
a State which has an agreement in effect
with the Atomic Energy Commission pur-
suant to sectlon 274(b) (42 USC. 2021
(b)) of the Atomlic Energy Act of 1954, as
amended, and in accordance with the re-
quirements of that State's laws and regu-
lations shall be deemed to be in compli~
ance with the radiation requirements of
this section, insofar as his possesston and
use of such material Is concerned, pro-
vided the State's program for control of
these radiation sources is the subject of
a‘currently effective determination by the
Assistant Secretary of Labor that such
program is compatible with the require-
ments of this gsection. Such determina-
tions currently are in effect only in the

States of Alabama, Arkansas, Californie,
Kansas, Kentucky, Florida, Mississippi.
New Hampshire, New York, North Caro-
lina, Texas, Tennessee, Oregon, Idaho.
Arizona, Colorado, Louisiana, Nebraska,
Washington. Maryland, North Dakota.
South Carolina, and Georgla.

(qQ) [Reserved]

(r) Radiation standards for mlnlnp
(1) For the purpose of this paragraph,
A “working level” is defined &s any com-
bination of radon daughters in 1 liter of
alr which will result in the ultimate
emission of 1.3 10° million electron volts
of potential alpha energy. The numerical
value of the “working level” is derived
from the alpha energy relessed by the
total decay of short-lived radon daughter
products in equilibrium with 100 pico-
curies of radon 222 per liter of air. A
working level month is defined as the ex-
posure recelved by a worker .breathing
air at one working level concentration for
4% weeks of 40 bours each,

(2) Occupztional exposure t.o radon
daughters in mines shall be controlled so
that no individusal will recelve an expo-
sure of more than 3 working level monthe
in any calendar quarter and no more
than ¢ working level months in any cal-
endar year, Actual exposures shall be
kept a3 far below these values as prac-
ticable.

(3)(1) For ursnium mlnes records of
environmental concentrations in the oc-
cupled parls of the mine, and of the
time spent in each area by each person
involved in an underground work shall
be established and maintained. These
records shall be In suMcient detafl to per-
mit caleulations of the exposures, in units
of working level months, of the individ-
uals and shall be savailable for inspection
by the &crctary of Labor or his author-
ized agents

(1) For ‘other than uranium mines
and for surface workers {n all mines,
subdiviston (1) of this subparagraph will
be applicable: Provided, however, That
if no environmental sample shows & con-

centration greater than 0.33 working -

level in any occupled part of the mine,
the maintenance of individual occupancy
records and the calculation of tndivid-
ual exposures will not be required.

(4) (1) At the request of an employce
(or former employee) & report of the
employee’s expasure to radiation as
shown in records maintained by the em-
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pfoyer pursuant to subparagraph (3) of
this paragraph, shall be furnished to him.

The report shall be in writing and con-

tain the following statement:

This report is furnished to you under the ‘

provisions of the U.S. Department of Lador,
lonizing Radistion Bafety and Health 8tand-
ards (20 CFR 1910.86(r)). You should pro-
serve this report for future preference.

(i) The former employee's request
should incluge sppropriate ldentifying

data, such as soclal security number and -

dates _and locations of eqxployment.
§1910.97 Nonlonizing radiation. .

(a) Electromagnetic  radiation—(3)’
.Definitions epplicable to this paragraph.

(1) The term “electromagnetic radiation”
is restricted to that portion of the spec-’
trum commonly defined as the radio
frequency region, which for the purpose
of this specification shall include the
microwave frequency region.

(M) Partia! body {rradiation. Pertains
to the case in which part of the body is
exposed to the incident electromagnetic
energy. .o : K

(Y Radiation protection guide. Radl-
atton level’ which should not be ex-

" ceeded without careful consideration of

the reasons for doing 80. - :
(lv) The word ‘““symbol” as used in

_this specification refers to the overall
" design, shepe, and coloring of the rf

radiation sign shown in figure G-11,

(v) Whole body irradiation. Pertains

1o the case in which the entire body is
exposed to the incident electromagnetic
energy or in which the cross sectlon of
the body Is smaller than the cross section
2 the Incident radiation beam. :

12} Rodiation protection puide. t§) For
normal environmental conditions and for

incident electromagnetic energy of fre-
quencies from 10 MHz to 100 GHz, the
radiation protection guide is 10 mW/cm.!
(milllwatt per squarc centimeter) as
averaged over any possible 0.1-hour
period. This means the following:

Power deaslty: 10 mW./cm?®.for periods of -

0.1-hour or more. - :

‘Epergy density: 1 mW.hr/cm® (milliwstt |

hout per square centimeter) during any
0.1-hour period. '
This guide applies whether the radia-
tion is continuous or intermittent.,

(1) These formulated recommenda-

tions pertain to both whole body irradi-
ation and partial body irradiation. Par-
tial body irradiation must be included
since it 'has been shown that some parts
of the hurnan body (e.g., eyes, testicles)

. may be harmed if exposed to incident

radiation Jevels significantly in excess of
the recommended levels. T

(3) Warning symbdol. (1) The warning
symbol for radio frequency .radiation
hazards shall consist of a red isosceles
triangle above an inverted black isosceles
triangle, separated and outlined by an
sluninum color border. The words
*Warning—Radlo-Prequency Radiation
Hazard” shall appear in the upper tri-
angle. See figure G-11. .

(1) American National Standard
Safety Color Code for Marking Physical
Hazards and the Identification of Cer-
tain Equipment, 253.1-1053, shall be used
for color specification. All lettering and
the border shall be of aluminum color.
.. (111) - The inclusion and cholce of warn-
ing information or precautionary in-
structions is at the discretion of the user.,
If such information is included it shall

" appear in the Jower triangle of the warn-

ing symbol.
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(4) Scope. This section applies to all
radiations originating from radio sta-
tions, radar equipment, and other pos-
sible sources of electromagnetic radia-
tion such as used for communication,
radio navigation, and industrial end sci-
entific purposes. This section does not

apply to the deliberate exposure of pa- -

tients by, or under the direction of, prac-
titioners of the healing arts.
§ 1910.98 Efective dates.

(a) The provisions of this Bubpart Q@
shall become effective on August 27,
1971, except a3 provided in the rematning
paragraphs of this gection.

" tb) The following provisions shall be-
cume eflective on February 18, 1972:

§1010.04 (m) ()N, (a)(3), (a)(4), (D),

(e) (2), (e) (3), (c)(4), (e) {8}, () (6)(L).

(o) (8) (1), (@) (1) (L), (A)(3), (d)(4),

() (8).and (4) (7).

fe) Notwithstanding anything in
paragraph (), (b), or (d) of this sec-
tion, any provision in any other section
of this subpart which contains in itself
‘s specific eftective date or time limita-

Uon shall become effective on such date.

or shall apply in accordance with such
limitation,

(d) Notwithstanding anything In par--

agraph () of this sectlon, if any atand-
ard In 41 CFR Part 50-204, other than
& national! consensus standard incor-
porated by reference in § 50-204.2(a) (1),
{s or becomes applicable st any time to
any employment and place of employ-
ment, by virtue of the Walsh-Hcaley
Pubiie Contracts Act, or the Service Con-
tract Act of 1985, or the National Fourn-
dation on Arts and Humanities Act of
1965, any corresponding established
Federal standard in this Bubpart G
which 1s derived from 41 CFR Part 50-
204 shall also become effective, and shall
be appllcable to such empioyment and
place of empioyment, on the same date.

$ 1910.99 Sources of standards.
Section Source -

161004(s).. ANSI N2.3-1067. Immediate

and Bafe Practices, of Abra«
. sive Blasting Operations,

101094({d).. ANS! Z43.1-966, Ventilation
- Contral of Grinding, Polishe
. iag, and Bufnag Operations.
191084(¢c).. ANSI Z93-1070, Eafety Code
for the Design, Construction
and Ventilation of Spray

Finishing Opsrations.

. Title 29—Lahor

Sectlion Source

1010.94(d) .. ARSI Z9.1-1969, Ssfety Code
for Ventilation and Opera-
tion of Open-Surface Tanks,

1910.98...... 41 CPR 50-204.10.

1910.96 (a).. 41 CPR 30-204.20.

through (r).
191096(f)... ANSI N23-1067, Immediate
* Evacusition 8ignal for Use
tn Indusirial ‘Installations
Where Radiation Exposure
May Occur.

191087 .... ANS] C05.1-1066, Bafety Level
of Rectromagnetic Radia-
tion with Raespect .to Per.
sonnsel and. Amsrican Nae
tional Standards lnstitute
C0523-1066, Radio Vre-
quency Radistion Fazard

Lo and Warning 8ignal -
{39 FR 23502, June 27, 1974, as amsended at
40 FR 21073, May 28, 1975]

$1910.100 Standards organizstions.

Specific standards of the following or-

gunizations have been referenced in this

subpart. Copies of the standardr may

ga obtained from the issuing organiza-
on, oo

American Confersnce of Governmental In-
dustrial Hygienlsts, 1014 Broadway, Cineln-
natl, O 43202, .

Amarican National Standards Institute, 1430

. Brosdway, New York, NY 10018.

National Fire Protection Assoclation, 470 At-

lantlc Avenue, Boston, Massachusetts

03210, )
|39 PR 23502, June 27, 1074, a8 amended st
40 PR 18426, April 28, 1975) .
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