UCAR Radiation Safety Manual

1 Scope:

The program is provided to protect staff, visitors, the public and the environment from harmful effects of
ionizing radiation, and to comply with regulatory requirements of the State of Colorado, ""Rules and
Regulations Pertaining to Radiation Control'* or to comply with the regulatory requirements of other
agencies having authority over such matters. The program extends to any and all activities related to or
associated with UCAR regardless of location, including other sites, cities, states, countries, or territories.

2 Administration

The program is administered by the Radiation Safety Officer (RSO) in conjunction with the Radiation
Safety Committee (RSC). The program is implemented at the functional level by approved users (user)
and/or their supervisors.

2.1 Radioactive Materials License

A Radioactive Materials License is issued by the local regulatory agency prior to acquiring, possessing,
using or transferring any new or any additional radioactive material. The license defines the types, quantity
limits, application, location and users of radioactive materials. Any change in the status of the radioactive
materials requires prior review by the RSO and RSC and possible modification of the state license.

2.2 Radiation Safety Committee (RSC)

Oversees all activities relating to radioactive materials and equipment and audits the program annually. The
committee consists of the UCAR Radiation Safety Officer and two approved users nominated by division
directors. Members shall be qualified in the use, effects and safety of radiation producing materials and
equipment.

The committee takes steps as necessary to assure compliance with regulations and these policies and
procedures. The committee formulates pertinent policies and procedures and publishes them via the UCAR
Radiation Safety Manual. The committee evaluates and approves all proposed acquisition and uses of
radioactive materials and equipment as well as users of said materials and equipment.

2.3 Radiation Safety Officer (RSO)

The RSO is required by the State of Colorado and implements the terms of required licenses, UCAR
policies and procedures and takes action as necessary in emergencies. The RSO is the primary contact with
all regulatory agencies. The RSO maintains records as required for compliance purposes. The RSO is
appointed by the President of UCAR and is the Manager of Health, Environment and Safety Services.

2.4 Approved User

Approved users are individuals who have submitted an application for use of materials or equipment and
have been reviewed and approved by the Radiation Safety Committee. Users are responsible for the safe
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and compliant use of materials and equipment. Users must be approved prior to acquiring, possessing,
using or transferring material and equipment. Users are responsible for training, communicating and
supervising others who work in, around, or with the approved user.

2.5 Radiation Safety Manual

Policies and procedures are contained in the "Radiation Safety Manual". Copies of the manual are given to
users, shall be available at each use site, and shall be made available to any employee upon request. It is
also available at http://www.fin.ucar.edu/sass/safety/index.html.

The RSO in conjunction with the RSC shall be responsible for publishing and updating the manual. Users
are responsible for knowing and understanding the information contained in the Radiation Safety Manual.

2.6 Prohibitions

The following operations, activities, equipment or uses are prohibited without amendment of the UCAR
radioactive materials license and the Radiation Safety Manual.

X-Ray Machines

Biological application of radioactive materials to animals, insects, plants, utilization of radiation machines
or radioisotopes for experimentation with human or animal subjects.

Radioactive labeling or tagging of chemical compounds.
Gamma or neutron generators.

"RADIATION AREA", areas where doses may reasonably occur in any one hour a dose to whole body
exceeding 5 millirem or in any consecutive 5 days doses exceeding 100 millirem.

"HIGH RADIATION AREA", areas where doses may reasonably occur in any one hour a dose to whole
body exceeding 100 millirem.

Use of free liquid, particulate or gaseous forms of radioactive materials.
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3 Policies

Individual users are solely responsible for adherence to policies.

3.1 Approved User

3.1.1  Users must receive prior approval for all materials by submitting an "Application for Use of
Radioactive Materials/Equipment” to the RSO/RSC for review and approval. Applications (see
Appendix A Forms) are available from the RSO. Applicants must demonstrate training and
experience commensurate with the types and amounts of materials to be used. Inexperienced
applicants may gain experience under the direct supervision of an experienced approved user.

3.1.2  For routine uses of small quantities of radioactive materials or equipment, the RSO may
temporarily approve use and users until permanent approval is granted by the RSC. Non-routine
uses are only approved by the RSC.

3.1.3  If the nature of the material/equipment or application substantially changes then an amendment to
the application must be submitted and approved by the RSC.

3.1.4  Approved users may supervise staff and visitors, who are not named in the UCAR Radioactive
Materials License that is issued by the State of Colorado. Supervision includes training the user in
applicable lab specific procedures, the requirements of the UCAR Radiation Safety Manual, and
closely monitoring day to day laboratory activities. These staff and visitors must complete the
UCAR sponsored Radiation Safety Orientation before using radioactive materials under the
supervision of an Approved User.

3.2 State and Federal Licenses

State and federal radioactive materials licenses may be necessary prior to acquiring new or additional
materials, moving, transferring, shipping, repairing, replacing or disposing of materials. Changes in
responsibilities, use, or approved user may also require license amendment. All applicants shall notify the
RSO of all changes involving radioactive materials. The RSO/RSC shall review changes, determine
appropriate licensing requirements and initiate licensing activities with the appropriate regulatory agency.
Operational changes may not be implemented until after the license has formally been amended.

3.3 Radiation Safety Orientation

Users of radioactive materials and equipment must be knowledgeable of regulations and safety procedures
and are required to attend a Radiation Safety Orientation as designated by the RSO. Ancillary personnel
whose duties may require them to work in the vicinity of radioactive materials or radiation-producing
equipment must be informed of radiation hazards and receive basic instructions in radiation safety (risks,
signs and symbols, emergency contacts and procedures). The authorized user is responsible for training
ancillary personnel.

3.4 Acquisition/Procurement

All acquisition of any radioactive materials must receive the prior approval of the RSO/RSC. Applicants
should fill out a purchase requisition (PR) specifically identifying the material as "Radioactive" and include
isotope name, quantity and other relevant information. Purchasing shall send copies of all Purchase
Requests to the RSO to ensure proper review and approvals and shall not order any radioactive material
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without the approval of the RSO/RSC. Purchase of sources form vendors who will accept the source for
subsequent disposal is strongly encouraged.

3.5 Receiving

Users must notify the RSO upon receipt of all materials. User must supply all acquisition, shipping and
transfer documents. The RSO will inspect materials and equipment for damage, log materials into
inventory and where appropriate, test for contamination. Materials may not be used until properly
processed by the RSO.

3.6 Facilities

Materials can only be used in the equipment and in locations (specific to room) approved by the RSO/RSC.
Proper facilities and equipment are required and may include disposable workbench liners, disposable
gloves, trays, eye protection, lab coats, work shields, radiation detectors, etc. Radioactive materials must be
stored in secured areas and in a manner to minimize the risk of breakage, damage or theft.

3.7 Inventory

The RSO will keep and maintain an up-to-date inventory of radioactive materials. Users shall notify the
RSO of any and all changes in inventory prior to effecting said change.

3.8 Equipment Calibration

Survey meters and detection equipment shall be obtained, maintained and calibrated annually and after all
repairs by the RSO.

3.9 Leak Tests

The RSO will conduct required leak tests for contamination of sealed sources when said sources are located
at primary UCAR facilities. Sources are tested every six months, or every three months is the source is
designed to release alpha particles. Smear test results of > 0.005 uCi requires the source to be
decontaminated and/or repaired before use. Approved users must conduct leak testing for sources located
remote from primary facilities.

3.10Decontamination

Users are responsible for conducting routine surveys to detect excessive contamination or radiation, if
required. Survey results must be documented in writing and a copy submitted to the RSO. If contamination
in excess of permissible levels is detected, users must decontaminate the area.

The RSO may conduct additional testing as necessary to verify contamination control. Decontamination of
the facility is required as described below:
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Level of Contamination Action Required

<0.000045 uCi/100 cm? No action required
>0.000045 but <0.00045uCi/100 cm? Clean-up of area
>0.00045uCi/100 cm? Clean up area and re-survey

3.11Exposure Limits and ALARA

Users of materials and equipment are responsible for preventing exposures in excess of limits specified in
section 11.1. Additionally, use of materials and equipment shall be designed and used to keep exposures
As Low As Reasonably Achievable (ALARA). If an exposure or intake above allowable limits is suspected
it must be reported immediately to the RSO.

3.12Labels and Signs

Entrances into laboratories containing radioactive materials must be conspicuously posted as noted below
and with a Colorado Department of Health "NOTICE TO EMPLOYEES, STANDARDS FOR
PROTECTION AGAINST RADIATION", Form OR-RH-15 and a ‘Caution Radioactive Materials” sign.
All containers or equipment must be labeled with the name of the radionuclide, the activity, date and
chemical composition, and source ID. All signs and labels required shall bear the conventional radiation
symbol in magenta or purple on a yellow background. Signs and labels are available from the RSO.

3.12.1 Areas/Facilities:

Areas accessible to personnel and in which there exists a radiation level shall be conspicuously posted with
signs bearing the radiation symbol and the words as follows:

"CAUTION-RADIOACTIVE MATERIALS", for those areas containing radioactive materials.

3.12.2 Containers:

"CAUTION-RADIOACTIVE MATERIAL", for all containers of radioactive material. Labels must also
include isotope, activity and date.

3.12.3 Equipment:

"CAUTION-RADIOACTIVE MATERIALS", for equipment containing sealed sources such as Ni-63 or
tritium.

Indiscriminate use of radiation signs and/or labels is prohibited. Such use conveys a false warning, which
can breed disrespect for real hazards.
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3.13Waste

Disposal of all radioactive waste must be coordinated through the RSO.

3.14 Accidents, Emergencies, Security

All accidents, emergencies, loss or theft involving radioactive materials and equipment must be reported
immediately to the RSO.

3.15Decontamination

The RSO will supervise decontamination of facilities, equipment and personnel. However, the approved
user is responsible for conducting all decontamination. DO NOT ATTEMPT DECONTAMINATION
WITHOUT THE APPROVAL OF THE RSO.

3.16 Other Acquisitions (Gifts, Loans, Transfers)

Materials acquired from sources, other than by purchase requisitions must receive prior approval of the
RSO/RSC. Contact the RSO and submit a written request for approval to acquire materials. The RSO/RSC
will review requests and initiate amendment activities.

3.17Transfer of Material

Transfer of materials, internal or external to UCAR, must be coordinated through the RSO. This includes
transfers between staff members, even if in the same department, and any transfer of material to any
external organization or individual. Transfer of material to new locations external to UCAR facilities and/or
other states and countries requires a complete new Radioactive Materials License and can take as long as
12 weeks to obtain.

3.18Shipping

All materials shipped from UCAR facilities or by UCAR personnel require the prior review and approval
of the Traffic Services Manager and the RSO/RSC and shall be in accordance with the Department of
Transportation and other pertinent regulations.

3.19Research Proposals

Approval from the RSC must be obtained prior to submitting any proposals that involve the use of
radioactive materials/equipment.

4 Procedures, Techniques, Handling, Processing

These minimum safety precautions are necessary to control external and internal exposures to levels that
are as low as reasonably achievable.

4.1 Consumption
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Eating, drinking and smoking are prohibited in any area where radioactive materials are used.

4.2 Eyes

Eye protection must be worn where there is a possibility of eye injury.

4.3 Gloves

Protective gloves should be worn during all handling operations involving potential contamination. After
use, discard disposable gloves in radioactive waste containers. After discarding gloves, immediately wash
hands with soap and water and check for radioactive contamination with appropriate monitor. Never touch
contaminated surfaces with bare hands, or clean surfaces with contaminated gloves. Change gloves
frequently.

4.4 New Procedures

New procedures and manipulations shall be tested and verified by first using non-radioactive materials.

45 Ventilation

Detector cells utilizing hydrogen 3 shall be vented outdoors or into fume hoods. All other detector cells
shall be vented to the outside if directed by the manufacturer.

46 Time

Minimize the length of time that radioactive containers are handled.

4.7 Shielding

Shielding should be used whenever working with penetrating radiation such as high energy beta or gamma
radiation. Shielding materials are radiation type and energy specific necessitating special care in selecting
proper material. Contact the RSO for information concerning appropriate shielding materials.

4.8 Temperature Controls

Detector cells containing either titanium tritide or scandium tritide shall only be used in conjunction with
properly operating temperature control mechanism which prevents titanium foil temperatures from
exceeding 325 degrees centigrade and scandium threaded foil temperatures from exceeding 225 degrees
centigrade.

4.9 Equipment Maintenance

Users may not open or remove radioactive foils from detector cells or other mountings. These activities
must be performed by a properly licensed and approved vendor.

4.10Contamination
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If personal contamination is suspected notify the RSO immediately and conduct appropriate surveys or
wipe tests.

4.11Storage of Radioactive Materials

Unattended radioactive materials must be stored in secured locations inaccessible to unauthorized persons.

4.12 Shielding

Materials in storage must be shielded such that radiation levels in adjacent accessible areas are less than 5
millirem/hour. Shielding materials are radiation type and energy specific necessitating special care in
selecting proper material. Contact the RSO for information concerning appropriate shielding materials.

4.13Flammable Liquids

Flammable solvents must not be stored near radioactive materials.

4.14Waste Disposal

Radioactive waste may not be disposed of via the public landfill, sanitary sewer, or released to the
environment.

4.14.1 Approved Disposal

Waste must be disposed of according to applicable regulations by transfer to an authorized recipient.
Sources will be disposed of by returning to the manufacturer when ever possible.

4.14.1.1 Packaging

All packaging of materials must be done by the approved user and must subsequently be inspected and
approved by the RSO and Traffic Services Manager.
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4.14.1.2 Shielding

Penetrating beta and gamma emitting radioactive waste must be shielded by appropriate shielding and
stored to prevent personal exposures in excess of limits specified in 11.1 and to prevent access by
unauthorized persons. Shielding materials are radiation type and energy specific necessitating special care
in selecting proper material. Contact the RSO for information concerning appropriate shielding materials.

4.14.1.3 Collection

Wastes shall be collected for disposal by the RSO upon notification and proper packaging by the user.
Other methods of disposal may be employed only with the prior review and approval of the RSO. Plastic
bags should be deflated to minimize volume.

4.14.2 Data on Radioactive Materials

Information pertaining to radioactive materials can be obtained from the RSO. Information available
includes energy levels, appropriate shielding materials, appropriate detection instruments, half-life values,
biological and chemical reactions releasing radioactive materials. See Appendix B for information on
biological effects of radiation.

4.14.3 Emergency Procedures

Notify the Radiation Safety Officer as soon as possible of all radiation emergencies. The RSO can be
contacted 24 hours/day, 7 days a week by dialing x-1911.

41431 Laboratory Contamination

In the event of a spill or accidental release, the following procedures should be followed. In all situations
protect yourself and others first.

Immediately notify other personnel in the room and adjacent areas. Personnel not involved with the spill
must evacuate immediately.

Once spill is immobilized, contact RSO who will supervise further decontamination of the area and
disposal of absorbent material. Decontamination is the sole responsibility of the approved user.

Do not walk in contaminated area. Carefully exit room shutting off exhaust fan, hoods, vents, and close
door. Place warning signs on door.

Wash contaminated skin with soap and water. Contaminated clothing should be removed and placed in
plastic bags.

4.14.3.2 Personal Contamination

Thorough, gentle washing with soap and water is the best general method. However, it is most important
not to harm the integrity of the skin, it can make the problem worse. Avoid overuse of detergents. In all
cases avoid use of organic solvents as they may increase absorption through the skin. Contact the RSO for
assistance.
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414.3.2.1 Contaminated wounds

Skin lacerations should be washed by large volumes of cold water. If bleeding is not too severe, allow
bleeding to further cleanse the wound. Notify RSO immediately and administer first aid.

Medical consultation and any follow up care needed are provided by the UCAR designated provider of
Occupational Medicine at no cost to the employee.

5 Declared Pregnant Women and Embryo/Fetus
Protection

It is recognized that the human embryo and fetus are much more sensitive to radiation than the adult.
Therefore, the dose limit to the embryo/fetus is set at 0.5 rem for the entire pregnancy. An employee who is
pregnant or thought to be pregnant has the option of identifying herself as a "Declared Pregnant Woman".
Declaration of this status invokes certain obligations on the part of the employer as listed below. However,
UCAR has no responsibility to provide specific embryonic or fetal protection until the employee formally
declares herself as a "Pregnant Woman". All pregnant employees are urged to formally notify their
supervisor or the RSO so that dose reduction steps can be taken, however, notification is strictly voluntary.

5.1 Declaration

Pregnant employees, if they so desire, should notify their supervisors, in writing, when they become
pregnant or their intention to become pregnant. The notification should include the date of declaration,
estimated date of conception, and expected date of birth.

5.2 Supervisor Responsibility

The supervisor, in a confidential manner, shall notify the RSO of all declarations and provide copies of all
declarations.

5.3 RSO Responsibility

The RSO will investigate and document the nature of the employee's work and the potential radiation levels
in the working area. The RSO will determine if personal monitoring is required and will implement
monitoring if necessary. The RSO will determine what steps are necessary to maintain all doses to the
embryo/fetus below allowable limits. The RSO will advise Human Resources of the declared "pregnant”
status of the employee and Human Resources shall take actions as appropriate.

5.4 Exposure Limits

The maximum dose to an embryo/fetus during the entire pregnancy, due to occupational exposure of a
declared pregnant woman, shall not exceed 0.5 rem. If by the time an employee declares pregnancy, the
dose to the embryo/fetus exceeds .45 rem, UCAR shall be deemed in compliance

6 Radiation Exposure Limits

The following limits are established with the understanding that radiation exposures, except as required by
medical necessity, are undesirable. The UCAR Radiation Safety Program is designed to reduce all radiation
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exposures, above background level, to a level "As Low As Reasonably Achievable” (ALARA). The limits
established below are only general guides to upper limits that should be reached only infrequently, if ever.

6.1 External Radiation Exposure Limits
Per applicable regulations:

Total Effective Dose, Whole Body: 5 rem/year

Individual Organs, Deep Dose Equivalent: 50 rem/year

Eye Dose Equivalent: 15 rem/year

Skin or extremity: 50 rem/year

Embryof/fetus: 0.5 rem/year

Public, Total Effective Dose: 0.1 rem/year or 0.002 rem/hour

6.2 Internal Radiation Exposure Limits

No individual may be exposed to concentrations of radioactive contaminants in air or water in excess of
limits specified by the Nuclear Regulatory Commission. Contact the RSO for these values, which are too
voluminous for inclusion.

7 Records Retention

7.1 Allrecords of source procurement, disposal, surveys used to determine exposures, and approved
user applications are kept for the duration of the license.

7.2 Retain all other records for a minimum of 5 years.

7.3 Report stolen, lost or missing sources to the RSO who will file a report with the licensing
jurisdiction.
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		UCAR RADIATION SAFETY COMMITTEE

		APPLICATION FOR USE OF RADIOACTIVE MATERIALS

		_________________________________________________________________________________

		NAME                                        DIVISION            BUILDING          ROOM                   PHONE

		DESCRIPTION OF RADIOACTIVE MATERIAL

		RADIOISOTOPE

		AMOUNT OF ACTIVITY TO BE POSSESSED

		AMOUNTO F ACTIVITY USED PER EXPERIMENT

		CHEMICAL AND PHYSICAL FORM OF MATERIAL

		PROPOSED OPERATION:  Describe investigation and principle procedures involved in the use of the material. Include procedures important to the consideration of contamination controls, such as methods used to handle and store sealed sources.

		LOCATION OF OPERATION

		BUILDING WHERE MATERIAL WILL BE USED

		MATERIAL STORED IN ROOM

		MATERIAL USED IN ROOM

		FACILITIES AND EQUIPMENT

		RADIOACTIVE WASTE

		FORM:

		WHAT FRACTION OF MATERIAL USED WILL BECOME WASTE?



Glove Box

Fume Hood

Lab Coat

Shielding

Shoe Covers

Protective Gloves

Survey Meter

Respirator

Handling Tongs

Radiation Signs and Tags

Shielded Storage Container

Trays

Dosimeter

Other

Solid

Liquid

Gas

Other
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		TRAINING

		TYPE						WHERE				DURATION				ON THE JOB?		Formal Coarse?

		Principles and practices of radiation protections														Y    N		Y   N

		Radiation Measurement, Standardization, and monitoring techniques and instruments														Y    N		Y   N

		Mathematics & Calculations basic to the use and measurement of radioactivity														Y    N		Y   N

		Biological effects of radiation														Y    N		Y   N

		DEGREE		MAJOR		SCHOOL						CITY				STATE		YEAR

		EXPERIENCE WITH RADIATION

		ISOTOPE		MAXIMUM AMOUNT				WHERE EXPERIENCE WAS GAINED						DURATION				TYPE OF USE

		STATEMENT OF COMPLIANCE: Upon receipt of the radioactive materials to be used as described above, I (we) will be responsible to prevent the exposure of any individual to radiation therefrom in excess of permissible limits specified by the U.S. Nuclear Regulatory Commission, the State of Colorado, and the UCAR Radiation Safety Committee.

		SIGNATURE														DATE











