(4) Each licensee authorized under Rule-1200-02-18--43 paragraph (5) of Rule 0400-20-10-.13 to distribute
certain devices to generally licensed persons shall:

(a) Report to the Division within #kirty 30 days after the end of each calendar quarter all transfers of
such devices to persons generally licensed under Rule--1200-32-10-10 paragraph (2) of Rule
0400-20-10-.10 or, if no transfers have been made during the reporting period, the report shall so
indicate. For all transfers the report shall identify each general licensee by name and address, an
individual by name and/or position who may constitute a point of contact between the Division
and the general licensee, the type and model number of device transferred and the quantity and
type of radioactive material contained in the device; and

{b) Furnish to each general licensee in this State to whom he transfers such device a copy of the
general license contained in Rule4200-02-140- 40 paragraph (2) of Rule 0400-20-10-.10.

(5) Each specific licensee shall notify the Division in writing when the licensee decides to permanently
discontinue all activities involving radioactive materials authorized under the license.

{6) Each licensee preparing technetium-98m radiopharmaceuticals from molybdenum-99/technetium-99m
generators or rubidium-82 from strontium-82/rubidium-82 generators shall test the generator eluates for
molybdenum-99 breakthrough or strontium-82 and strontium-85 contamination, respectively, in
accordance with Rule 4280-02-07-41 0400-20-07-41. The licensee shall record the results of each test
and retain each record for three 3 years after the record is made.

{7} Each specific licensee and each general licensee meeting the criteria of Rule4200-02-10-148 part
{(2)(c}14 of Rule 0400-20-10-.10 shall:

(a) Provide the Division written notification, at the address in Rule 4200-02-04-07 (0400-20-04-.07,
immediately foliowing the filing of a voluntary or involuntary petition for bankruptcy under any
Chapter of Title 11 {Bankruptcy) of the United States Code (U.S.C.):

1. By or against the licensee,

2. By or against an entity (as that term is defined in 11 U.S.C. 101(14)) controlling the
licensee or listing the license or licensee as property of the estate; or

3. By or against an affiliate (as that term is defined in 11 U.5.C. 101(2)) of the licensee;

(b} include in the notification required in subparagraph (a) of this paragraph the bankruptcy court in
which the petition for bankruptcy was filed; and

{c) Include in the notification required in subparagraph (a) of this paragraph the date of the filing of
the petition.

(8) When temporary job-siies are authorized on a specific license, radioactive material may be used at
temporary job-sites, in areas not under exclusive federal jurisdiction, throughout the State of Tennessee.

(9) Each portable gauge licensee shall use a minimum of twe 2 independent physical controls that form
tangible barriers to secure portable gauges from unauthorized removal, whenever portable gauges are
not under the control and constant surveillance of the licensee.
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(10)

(@)

(b)

()

Authorization under Rule—4200-02-40-3+ paragraph (8) of Rule 0400-20-10-.11 to produce
Positron Emission Tomography (PET) radioactive drugs for noncommercial transfer to medical
use licensees in its consortium does not relieve the licensee from complying with applicable FDA,
other Federal, and Agreement State requirements governing radioactive drugs.

Each licensee authorized under Rule 4200-02-40-44 paragraph (8) of Rule 0400-20-10-.11 fo
procduce PET radioactive drugs for noncommercial transfer to medical use licensees in its
consortium shall:

1. Satisfy the labeling requirements in Rule 4200-02-10-43 part (10)(2)4 of Rule 0400-20-
10-.13 for each PET radioactive drug transport radiation shield and each syringe, vial, or
other container used to hold a PET radioactive drug intended for noncommercial
distribution to members of its consortium; and

2. Possess and use instrumentation o measure the radioactivity of the PET radicactive
drugs intended for noncommercial distribution to members of its consortium and meet the
procedural, radioactivity measurement, instrument test, instrument check, and instrument
adjustment requirements in Rule4200-02-10-13 subparagraph (10)c) of Rule 0400-20-
10-.13.

A licensee that is a pharmacy authorized under Rule4200-02-10-41 paragraph (8) of Rule 0400-
20-10-.11 to produce PET radioactive drugs for noncommercial transfer to medical use licensees
in its consortium shall require that any individual that prepares PET radicactive drugs shall be:

1. An authorized nuclear pharmacist that meets the requirements in Rule4200-02-10-13
part (10)(b)2 of Rule 0400-20-10-.13, or

2. An individual under the supervision of an authorized nuclear pharmacist as specified in
Rule 1200-02-07-18 0400-20-07-.19.

A pharmacy, authorized under Rule—{200-02-10-41 paragraph (8) of Rule 0400-20-10-.11 to produce
PET radioactive drugs for noncommercial transfer to medical use licensees in its consortium that allows
an individual to work as an authorized nuclear pharmacist, shall meet the requirements of Rule4200-02-
10-43 part (10)(b)5 of Rule 0400-20-10-.13.

Authority: T.C A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02-10~47 0400-20-10-.17 Expiration and Termination of Licenses and Decommissioning of Sites and
Separate Buildings or Cutdoor Areas.

(N

Expiration of specific licenses.

Except as provided in 4200-02140-147 paragraph (2} of this rule, each specific license shall expire at the
end of the day, in the month and year stated therein.

Termination of specific licenses:

(a)

Specific licenses shall continue in effect, beyond the expiration date if necessary, with respect fo
possession of radioactive material until the Division notifies the licensee in writing that the license
is terminated. During this time, the licensee shalil:

1. Limit actions involving radioactive material to those related to decommissioning; and

2. Continue to control entry to restricted areas until they are suitable for release in
accordance with Division requirements.
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(b) Specific licenses, including expired licenses, will be terminated by written notice to the licensee
when the Division determines that:

1. The licensee has properiy disposed of radioactive material;

2. The licensee has made reasonable effort to eliminate residual radioactive contamination,
if present;

3. The premises are suitable for release in accordance with Division requirements. The

- licensee may demonstrate suitability for release by:
(i) Performance of the radiation survey described in 4280-02-10-17 part (3)(d)2 of
this rule, or

{ii) Submission of other information that the Division determines is acceptable;

4. The licensee has complied with any requests for information from the Division; and

5. The licensee has submitted a written request for license termination to the Division.

(3) Decommissioning of sites or separate buildings or outdoor areas:

(a) Each specific licensee shall notify the Division in writing, at the address in 4260-02-04-07 Rule
0400-20-04-.07, within 60 days of any of the following occurrences:

1.

2.

The license has expired pursuant to 1268-02-10-47 paragraph (2) of this rule;

The licensee has decided to permanently cease principal activities, as defined in this rule:

(i) At the entire site, or

{ii) In any separate building or outdoor area that contains residual radioactivity such
that the building or outdoor area is unsuitable for release in accordance with
Division requirements;

No principal activities under the license have been conducted for 24 months; or

No principal activities have been conducted for 24 months in any separate building or

outdoor area that contains residual radioactivity such that the building or cutdoor area is
unsuitable for release in accordance with Division requirements.

(b} Each specific licensee:

1.

$8-7039 (July 2010)

If not required by 1200-02-30-17{3} subparagraph (g) of ihis paragraph fo submit a
decommissioning plan, shall begin decommissioning its site or any separate building or
outdoor area that contains residual radioactivity within 60 days of any occurrence listed in

1200-02-40-47(3) subparagraph (a) of this paragraph.

If required by 34200-02-10-47{3} subparagraph (g) of this paragraph to submit a
decommissioning plan, shall:

(i} Submit a decommissioning plan within 12 months of noftification of any
occurrence listed in 4200-02-40-47(3} subparagraph (a) of this paragraph, and

(i) Begin decommissioning upon Division approval of that plan.
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(c) Coincident with the notification required by 4200-02-10-473} subparagraph (a) of this paragrapii,
‘ the specific licensee shall maintain in effect all financial assurances that were esfabiished,

pursuant fo 4200-02-10-12 paragraph (3) of Rule 0400-20-10-.12 in conjunction with a license
issuance or renewal, or that are required by this rule.

1. The Division will determine if the licensee shall increase, or may decrease, the amount of
the financial assurance to cover the detailed cost estimate for decommissioning

established pursuant to 42080-02-+0-1+763} part ()5 of this paragraph.

2. The licensee may with Division approval reduce the amount of the financial assurance as
decommissioning proceeds and radiological contamination is reduced at the site.

{d) As the final steps in decommissioning, specific licensees shail:
1. Certify the disposition of all licensed material, including accumulated wastes; and
2. Demonstrate that the premises are suitable for release in accordance with Division

requirements.
{iy The licensee shall:

n Conduct a radiation survey of the premises where the licensed activities
were carried out and submit a report of the results of this survey, or

{n Submit other information that the Division determines is acceptable.
(ii) The licensee shall, as appropriate:
0 Report levels of gamma radiation in units of microroenigens

(millisieverts) per hour at 1 meter from surfaces, and
(i - Report levels of radioactivity, including alpha and beta, in units of

l. Disintegrations per minute or microcuries {(megabecquerels) per
100 square centimeters — removable and fixed — for surfaces,

il. Microcuries (megabecquerels) per milliliter for water, and

tI. Picocuries (becquerels) per gram for solids such as soils or
concrete, and

) Specify the survey instrument(s) used and ceriify that each instrument
was properly calibrated and tested at the time of the survey.

3 Records reguired by paragraphs (4) and (8) of Rule 1200-02-10-28 0400-20-10-.268 have
been received.

(e) Except as provided in 4200-02-10-17(3} part (k)3 of this paragraph, specific licensees shall
complete decommissioning of the site or separate building or outdoor area so that the site,
building or ouidoor area is suitable for release in accordance with Division requirements as soon
as practicable but no iater than 24 months following the initiation of decommissioning.

(f) Except as provided in 1200-02-10-17(3} part (k)3 of this paragraph, when decommissioning
involves the entire site, the specific licensee shall request license termination as soon as
practicable but no later than 24 months following the initiation of decommissioning.
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(9) A specific licensee shall submit a decommissioning plan if:

1. Required to do so by license condition; or

2. The Division determines that the procedures and activities necessary to carry out
decommissioning of the site or separate building or outdoor area have not been
previously approved by the Division and that these procedures could increase potential
health and safety impacts to workers or to the public. Some examples are procedures:

(i That would involve techniques not applied routinely during cleanup or
maintenance operations;

(i) tn which workers would be entering areas not normally occupied where surface
contamination and radiation levels are significantly higher than routinely
encountered during operation;

(iii) That could result in significantly greater airborne concentrations of radioactive
materials than are present during operation; or

(iv) That could result in significantly greater releases of radioactive material to the
environment than those associated with operation.

(h Specific licensees shall nof carry out procédures with potential health and safety impacts before

Division approval of the decommissioning plan.

{i The proposed decommissioning plan for the site or separate building or outdoor area shall

include:

1.

A description of the conditions of the site or separate building or outdoor area sufficient to
evaluate the acceptability of the plan,

2. A description of planned decommissioning activities;

3. A description of methods used to ensure protection of workers and the environment
against radiation hazards during decommissioning;

4, A description of the planned final radiation survey;

5. A detailed cost estimate for decommissioning, comparison of that estimate with present
funds set aside for financial assurance, and a plan for assuring the availability of
adequate funds for completion of decommissioning; and

6. For decommissioning plans calling for completion of decommissioning later than 24
months after plan approval, the plan shall include a justification for the delay based on
the criteria in 4200-0240-47(33 part (k)3 of this paragraph.

{i) The Division will approve the proposed decommissioning plan if the information in the plan

demonstrates that the licensee:

1. Will complete decommissioning as soon as practicable; and
-2 Will adequately protect the health and safety of workérs and the public.
(k) Requests for extensions:
1. A licensee may request a delay in initiating decommissioning.
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(i)

(i)

(i)

The Division may grant this delay, if the Division determines that this delay is not
detfrimental to the public health and safety and is otherwise in the public interest.

The request for a delay shall be submitted no later than 30 days before
notification pursuant to 4200-02-40-47(3) subparagraph (a) of this paragraph.

The schedule for decommissioning set forth in 4200-02-10-47(3} subparagraph
(b) of this paragraph shall not start until the Division has made a determination

on the request.

A licensee may request an alternative schedule for the submittal of a decommissioning
plan. The Division may approve the alternative schedule, if the Division determines that
the alternative schedule is necessary to the effective conduct of decommissioning
operations and presenis no undue risk from radiation to the public health and safety and
is otherwise in the public interest.

A licensee may request an alternative schedule for the completion of decommissioning of
the site or separate building or outdoor area, and license termination if appropriate. The
Division may approve the alternative schedule for completion of decommissioning, if the
Division determines that it is warranted by consideration of the following:

(i)

(if)

{iii)

(v)

Whether it is technically feasible to complete decommissioning within the allotted
24-month period;

Whether sufficient waste disposal capacity is available to allow completion of
decommissioning within the allotied 24 month period;

Whether ailowing short-lived radionuclides to decay will achieve a significant
volume reduction in wastes requiring disposal;

Whether allowing short-lived radionuclides to decay will achieve a significant
reduction in radiation exposure to workers;

Other site-specific factors that the Division may determine are beyond the control
of the licensee.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

1200021018 0400-20-10-.18 Renewal of License.

(1)

(2)

Applications for renewal of specific licenses shall be fited in accordance with 42086-02-10-44 Rule 0400-

in any case in which a licensee, not less than thirty 30 days prior fo expiration of his existing license, has
filed an application in proper form for renewal or for a new license authorizing the same activities, such
existing license shall not expire until the application has been finally determined by the Division.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02.10--19 0400-20-10-.19 Amendment of Licenses at Request of Licensee,

Applications for amendment of a license shall be filed in accordance with 3200-02-40-14 Rule 0400-20-10-.11
and shall specify the respects in which the licensee desires his license to be amended and the grounds for such

amendment.
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Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.
429@-@2—49—.—2@ 0400-20-10-.20 Division Action on Application to Renew or Amend.

In considering an application by a licensee to renew or amend his license, the Division will apply the criteria set
forth in 4200-02-10-42 Rules 0400-20-10-.12 and 41200-02-10-43 0400-20-10-.13, as applicable.

Authority: T.C A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.
4200-02-10-.21 0400-20-10-.21 Inalienability of Licenses.

No license issued or granted under this Chapter and no right to possess or utilize radioactive material granted by
any license issued pursuant to this Chapter shall be transferred, assigned, or in any manner disposed of, either
voluntarily or involuntarily, directly or indirectly, through transfer of control of any license to any person unless the
Division shall, after securing full information, find that the transfer is in accordance with the provisions of the-Ast
T.C A 88 68-202-201 et seq., and shall give its consent in writing.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.
4200-02-10-22 0400-20-10-.22 Transfer of Material.
{1 No licensee shall transfer radioactive material except as authorized pursuant to this rule.
(2) Any licensee may transfer radioactive material:

(a) To the Division provided such transfer is accepted by the Division in writing;

(D) To the U.S. Department of Energy;

{c) To any persan exempt from the regulations in this Chapter to the exient permitted under such
exemption;
{d) To any person authorized to receive such material under terms of a general license or its

equivalent, or a specific license or equivalent licensing document, issued by the Division, the U.S.
Nuclear Regulatory Commission, any Agreement State or a Licensing State; or

(e) As otherwise authorized by the Division in writing.

{3) Before transferring sources of radiation o a specific licensee of the Division, the U.S. Nuclear Regulatory
Commission, an Agreement State or a Licensing State, or to a general: licensee who is required to
register with or report to the U.S. Nuclear Regulatory Commission, an Agreement State or a Licensing
State prior to receipt of the source of radiation, the transferor of the source of radiation shall verify that the
transferee’s authorization is for the receipt of the type, form, and quantity of the source of radiation to be
transferred. '

{4) The following methods for the verification required in 4280-82-10-~22 paragraph (3) of this rule are
acceptable:

(a) The transferor may have in his possession, and read, a current copy of the transferee’s specific
license or registration certificate;

(b) The transferor may have in his possession a written certification by the transferee that he is
authorized by license or registration certificate to receive the type, form and quantity of the source
of radiation to be transferred, specifying the license or registration certificate number, issuing
agency, and expiration date;
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{c) For emergency shipments the fransferor may accept oral certification containing all of the
information specified in 3200-02-10-22(4} subparagraph (b) of this paragraph provided that
writien certification is forwarded to the transferor within fern 10 days following the oral
communication;

(d) The transferor may obtain other information compiled by a reporting service from official records
of the Division, the U.S. Nuclear Regulatory Commission or the licensing agency of any state as
to the identity of licensees and the scope and expiration dates of licenses and registrations; or

() When none of the methods of verification described in 4200-02-10-22(4} subparagraphs (a)
through {d) of this_paragraph are readily available or when a transferor desires to verify that
information received by one of such methods is correct or up-to-date, the transferor may obtain
and record confirmation from the Division, the U.S. Nuclear Regulatory Commission, or the
licensing agency of any state that the transferee is authorized to receive the source of radiation.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

41200-02-10-23 0400-20-10-.23 Modification, Revocation, and Termination of Licenses.

(1)

3)

The terms and conditions of all licenses may be subject to amendment, revision, or modification or the
license may be suspended or revoked by reason of amendments to the-Act T.C A, §§ 88-202-201 et seq.,
or by reason of rules or regulations issued by the Department.

Any license may be revoked, suspended, or modified, in whole or in part, for any material faise statement
in the application or in any statement of fact required under provisions of the Act T.C.A_§8§ 68-202-201 et
seq., or because of conditions revealed by such application or statement of fact or any report, record, or
inspection or other means that would warrant the Department to refuse to grant a license on an original
application, or for violation of, or failure to observe any of the terms and conditions of the Act, or of the
license, or of any rule or regulation of the Department. This action will be taken pursuant to Tennessee

Gode-Annotated, Chapter23 T.C A Title 68, Chapter 202.

The Division may ferminate a specific ficense upon request submitted by the licensee to the Division in
writing.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

1200-02-10-24 0400-20-10-.24 Registration.

(1)

The owner or person having possession of any radiation machine or accelerator, except those specifically
exempted in 1200-02-10-07 Rule 0400-20-10-.07, shall register such sources within ten 10 days after
acquisition of such machine. The owner or possessor of any accelerator shall substitute an application for
certified registration required in Chapter 4200-02-08 0400-20-09. The application for certified registration
must be received by the Department within ten 10 days after acquisition of the accelerator;, however, an
accelerator may not be energized until registered pursuant to Chapter 4200-02-08 0400-20-09. In
addition, every person who provides inspections as provided for in 4200-02-40--2Z paragraph (4) of Rule
D400-20-10-.27 and every person who assembles, installs, or services radiation machines shall register
with the Division of Radiological Health, Tennessee Department of Environment and Consetvation.
Registration under this rule shall be on Depariment Form RHS 8-4, Form RHS 8-4a or Form RHS 8-4b,
as appropriate, as furnished by the Depariment and may be obtained from the Division of Radiclogical
Health, L&C Annex, 31rd Floor, 401 Church Street, Nashville, Tennessee 37243-1532. A registration fee in
accordance with the Classification and Fee Schedule in 4200-02-10-24 paragraph (3) of this rule shall be
due upon receipt of an invoice from the Division of Radiological Health following the submittal of the
completed registration form. The check for the fee shall be made payable to "Treasurer, State of
Tennessee.”
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(3)

An annual registration fee will be due the first working day following January 1 of each year as long as the

. radiation machine or service is subject to registration. Each registrant shall submit the annual fee payable

to, “Treasurer, State of Tennessee,” in the appropriate dollar amount in accordance with the Classification
and Fee Schedule in Fae 4200-02-10-24 paragrapgh (3) of this rule to the Division of Radiological Health.
Payment shall be accompanied by a copy of the fee invoice properly completed. The invoice for the
annual fee will be dated January 17 and will require payment by March 17 of the indicated year. At the
time of the annual payment a registrant of only Class ll radiation machines may request specific times or
list restricted hours during normal work hours for inspections pursuant to Rule 4200-02-180-27 0400-20-
10-.27 by personnel of the Division of Radiological Health, Tennessee Department of Environment and
Conservation.

Classification and fee schedule. For purposes of inspections and payment of fees the classification and
fee schedule shall be as follows:

{a) Radiation Machines
CLASS |
Dental Radiation Machines: $ 65 per tube

All diagnostic equipment used exclusively for dental diagnostic
procedures.

CLASS Il
Priority Two Medical Radiation Machines: $ 150 per tube

All medical diagnostic x-ray equipment, not in Class Ill, used
exclusively for medical or veterinary diagnostic procedures.

CLASS Il

Priority One Medical Radiation Machines: $ 200 per tube
All diagnostic x-ray equipment used in radiologists’ offices, orthopedic

surgeons' offices or hospitals exclusively for medical diagnostic

procedures.

CLASS IV

Therapy Medical Radiation Machines: $ 300 per tube

All x-ray equipment with energies less than 0.9 MeV used for the
purpose of medical or veterinary radiation therapy.

CLASSV
Priority Two Industrial and Educational Radiation Machines: $ 600 per tube

Closed-beam analytical radiation machines, gauges or industrial
radiation machines used in shielded room or cabinet radiography.

CLASS VI
Priority One Industrial and Educational Radiation Machines: $ 900 per tube
S55-7039 (July 2010) RDA 1693
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All x-ray machines used for industrial radiography and all open-beam
analytical x-ray machines and all radiation machines not specifically
included in Class i, H, I, IV, V or VII.

CLASS vil

Accelerators:

$ 2,000 annual fee, plus
an initial fee of $ 375 per

All devices defined as accelerators as per “State Regulations for maximum nominal rated
Protection Against Radiation.” MeV for initial certified

registration review (initial
review fee not to exceed
$ 150,000)

(b) A person providing assembly instaliation/servicing, except as 3600

provided by subparagraph 1200-20-40-24(3} (f) of this paragraph,
shall pay an annual registration fee of sbchundred-doliars 3 600.

{(c) A person provided assembiy/instaliation/servicing, except as provided $ 600

by subparagraph 4200-02.46-24(33 () of this paragraph, shall pay an
annual registration fee of sbchundred-doliars $ 600,

{d) A registrant may qualify to pay a registration fee equal to eighieen 18 percent {183 of that listed
in this paragraph (3}, subject to the following conditions:

1. All tubes subject to registration are inspected in accordance with paragraphs 1200-02-10-
=27 (3}, {4} and (5) of Rule 0400-20-10-.27.

(i)

(ii)

For purposes of the sighteen 18 percent (18% fee, the first inspection performed
on an x-ray tube on or after the-effective-date-of-these rules December 6. 2011,
will establish a new baseline date for that tube. Previous baseline dates will be
reset to the last day of the month of performance of the previous inspections.

)

(1)

(1)

Each subsequent inspection of a tube shall be performed during the
same month as the preceding inspection or the month immediately
following resulting in “baseline periods” of from 59 days to 62 days,
depending upon applicable new 2 month periods, according to the
schedule set out in subparagraph (3)(a) of Rule 4200-82-18~2Z 0400-20-
10-.27.

An inspection performed prior to or after the applicable new 2 month
period shall establish a new baseline date for that tube.

An inspection performed after the applicable new twe 2 month period
shall not qualify the registrant for the sighteen 18 percent {18%) fee.

An inspection performed pricor to the applicable new 2 month period and
meeting all other requirements found in paragraphs (3), {4) and (5) of
Rule 4:200-02-30-27 0400-20-10-27 shall qualify the registrant for the

eighteen 18 percent (18%; fee.

Reserved.

2. Each newly acquired tube subject to registration is inspected within six 6 months of
ownership or possession.
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3. An individual who satisfies the requiremenis in paragraph 4200-02-10-27 (4) of Rule
0400-20-10-,.27 performs all inspections.

4. The registrant submits to the Division, at L&C Annex, 3" Floor, 401 Church Street,
Nashville, TN 37243-1532;

®

(i)

(i)

Copies of the appropriate Siate evaluation forms within 60 days after the
inspection.

Copies of applicable service reports to document correction of any deficiencies
noted within 60 days after the inspection.

A signed "X-Ray Inspection Notification and Certification of Compliance” form
within 60 days of the inspection.

5, Inspections found by the Division to be unsatisfactory under this subparagraph or under
paragraph 4200-02-10-27 (4) or (5) of Rule 0400-20-10-.27 shall not qualify for the 18
percent (48%;.

(i

(i)

{e) Reserved.

The registrant shall correct and re-submit the repori{s) and documentation of an
inspection found to be unsatisfactory within 30 days of the date of nefification by
the Division. Failure to correct and re-submit the report(s) and documentation of
an unsatisfactory inspection will subject the registrant to the Division's normal
enforcement actions, penalties and assessments.

The 30-day correction period shall not establish a new baseline. It shall not;

{n Qualify an existing tube for reduced fee for the following calendar year,
or

(i Qualify a newly acquired tube for reduced fee for the current calendar
year.

) A person providing inspection services, as permitted by paragraph 4—2—9@-@;}%( ) of Rule
0400-20-10-.27, or a person providing assembiyhnstailanonlserwcmg, who is a staff member of

the facility registered pursuant to -

T.CA Title 68 Chapter 202 and these wgulatsens rules and who performs such mspectlon

services or assembly/installation/servicing only for that registrant, shall not be subject to
subparagraphs (b) and (¢} above of this paragraph.

4) Any failure to pay an invoiced amount by the date specified on the invoice, unless qualified by 4200-02-
4024 subparagraph (3){d) abeve of this rule, shall be deemed to constitute a violation of Tennesses
Code-Annotated T.C. A. §§68-203-101 et seq.

5) Whenever there is a change in information such as address, ownership, possessor, or location of use
from that declared on the last previous registration, the completion of a new Form RHS 8-4 shall be
required within 10 days of the change.

(8) Each registrant, or his estate, who permanently discontinues the use of or transfers all of his radiation
machines at an instailation shail notify the Division in writing within sbdy 60 days of such action. In the
event of a transfer, the notification shall include the name and address of the transferee.

8)(7) No person shall state or imply that any activity under such a registration has been approved by the

Division.
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Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02-10-25 0400-20-10-.25 Reports.

(H

(2)

Any person who sells, leases, transfers, assembles, reassembles, or lends radiation machines, except
those exempted from registration by 4200-02-10-07 Rule 0400-20-10-.07 shall report to the Division,
within thirty 30 days after the end of each calendar quarter, the name and address of persons to whom
they have transferred such items and the date of transfer. Persons routinely engaged in the sale, transfer,
leasing, lending, assembling, or reassembling of x-ray equipment shali report each calendar guarter,
including & report for calendar quarters in which no radiation machine transfer occurs. Such reports shall
be held proprietary by the Division.

Each out-of-state person who brings radiation machines into the State, except those exempted in 4200-
02-10--07 Rule 0400-20-10-.07, for any temporary use shall:

(a) Notify the Division in writing at least three 3 days prior to engaging in such use. Such notification
shall indicate the location, period, and type of proposed use within the State. If, for a specific
case, the 3-day period would impose an undue hardship, he may, upon application to the Division
obtain permission to proceed sooner;

{b) Register the radiation machines with this Division on Form RHS 8-4 prior {0 entry into the State;
and
{c) Comply with all applicable regulations of the Division including the payment of the fee for the

Class, as appropriate, contained in 1208-02-40-24 paragraph (3) of Rule 0400-20-10-.24,

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-0:2-140-.28 0400-20-10-.26 Records.

(1)

)

3

Each person who receives radioactive material pursuant to a license issued pursuant to these rules shall
keep records showing the receipt, fransfer, and disposal of the radioactive material as follows:

{a) The licensee shall retain each record of receipt of radioactive material as long as the material is
possessed and for three 3 years following transfer or disposal of the material,

(b) The licensee who transferred the material shall retain each record of transfer for three 3 years
after each transfer, unless a specific requirement in another part of these rules dictate otherwise.

(€) The licensee who disposed of the material shall retain each record of disposal of radioactive
material until the Division terminates each license that authorizes disposal of the material.

A licensee shall retain each record that is required by these rules or by license condition for the period
specified by the appropriate rule or license condition. If a retention period is not ofherwise specified by
rule or license condition, the record must be retained until the Division terminates each license that
authorizes the activity that is subject to the recordkeeping requirement.

Records which must be maintained pursuant to this rule may be the original or a reproduced copy. The
record may also be stored in electronic media with the capability for producing legible, accurate, and
complete records during the required retention period. Records such as letters, drawings, specifications,
must include all pertinent information such as stamps, initials, and sighatures. A licensee shall maintain
adequate safeguards against tampering with and loss of records.

Prior to license termination, each licensee authorized to possess radioactive material with a half-life
greater than 120 days, in an unsealed form, shall forward the following records to the Division:
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(®)

(6)

. {a)

(b)

Records of disposal of licensed material made under 4280-02-06-124 Ruies 0400-20-05-,121
(including burials authorized before January 28, 1981), 1200-02-86~-422 0400-20-05-.122 4200-
02-05--423 0400-20-05-.123, 4200-02-05-124 0400-20-05- 124, and

Records required by 4200-02.058-.132 subparagraph (2)(d) of Rule 0400-20-05-.132

if licensed activities are fransferred or assigned in accordance with 4200-02-10-18 paragraph (2) of Rule
(400-20-10-.16, each licensee authorized to possess radioactive material, with a half-life greater than 120
days, in an unsealed form, shall transfer the following records to the new licensee and the new licensee
will be responsible for maintaining these records until the license is terminated:

(a)

(b)

Records of disposal of licensed material made under 4200-02-05-424 Rules 0400-20-05- 121
{including burials authorized before January 28, 1981), 1200-02-05-422 0400-20-05-.122 1280~
£2-05-123 0400-20-05-.123, 4200-02-05-124 0400-20-05-.124; and

Records required by 1200-02-05-132 subparagraph (2)(d) of Rule 0400-20-05-,132.

Prior to license termination, each licensee shall forward the records required subparagraph (4){n) of Rule
4200-92-10-42 0400-20-10-.12 to the Division.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 ef seq., and 4-5-201 et seq.

4200-02-10-27 0400-20-10-.27 Inspections.

(1)

Each licensee or registrant shall afford the Division at all reasonable times opportunity to inspect sources
of radiation, premises, facilities and activities subject of these regulations and records maintained
pursuant to these regulations.

(@)

Department inspectors may consult privately with workers concerning matters of occupational
radiation protection and other matters related to applicable provisions of the regulations, license,
and Certified Registration to the extent the inspectors deem necessary for the conduct of an
effective and thorough inspection.

1. During the course of an inspection, any worker may bring privately to the aftention of the
inspectors, either orally or in writing, any past or present condition which he has reason
to believe may have conitributed to or caused any viclation of the Act, these regulations,
or license or Certified Registration condition, or any unnecessary exposure to radiation or
radioactive material under the licensee's or registrant's control. Any such notice in writing
shall comply with paragraph (2} of this rule.

2, The licensee or registrant or licensee’s or registrant's representative may accompany
Division inspectors during other phases of an inspection.

3 The provision of 4200-02-10-27{1\{3a} pari 1 of this subparagraph shall not be interpreted
as authorization to disregard instructions pursuant to 1200-02-04-12 Rule 0400-20-04-
v
(b) If at the time of inspection, an individual has been authorized by the workers to represent them
during inspections by the Division, the licensee or registrant shall notify the inspectors of such
authorization and shall give the workers’ representative an opportunity to accompany the
inspectors during the inspection of physical working conditions.
1. Different representative of licensees or registrants and workers may accompany the
inspectors during different phases of an inspection if there is no resulting interference
S$S8-7039 (July 2010) RDA 1693
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(2)

3)

with the conduct of the inspection. However, only one worker's representative at a time
may accompany the inspectors.

2. Any worker's representative shall be an employee of the licensee or registrant and should

be a worker as defined in 4200-02-04-04{Hrr Rule 0400-20-04-.04 and shalil have
received instructions as specified in 4200-02-04-12 Rule 0400-20-04- 12

3. in addition to the licensee's or registrant's representative and with the approval of the
licensee or registrant and the workers' representative, an individual who is not routinely
engaged in work under control of the licensee or registrant, for example, a consultant to
the licensee or registrant or fo the workers’' representative, shall be afforded the
opportunity to accompany Division inspectors during the inspection of physical working
conditions.

4, The workers' representative for any area containing proprietary information shall be an
individual previously authorized by the licensee or registrant to enter that area.

5. Notwithstanding the other provisions of this rule, Division inspectors are authorized to
refuse to permit accompaniment by any individual who deliberately interferes with a fair
and orderly inspection.

Requests by Workers for Inspection.

(a)

(c)

(d)

Any worker or represenfative of workers who believes that a violation of the-Ast T.C.A. §§ 68-202-
201 ef seq, these reguiations rules, conditions of a Certified Registration, or license conditions
exists or has occurred in activities subject to these regulations with regard to radiological working
conditions in which the worker is engaged, may request an inspection by registering a complaint
of the alleged violation with the Commissioner, Tennessee Department of Environment and
Conservation; Director, Division of Radiological Health; or Division inspectors.

1. Any such complaint shall be in writing, shall set forth the specific grounds for the
complaint and shall be signed by the worker or representative of workers.

2. A copy of the complaint shall be provided the licensee or registrant by the Division no
tater than at the time of inspection except that, upon request of the worker registering
such complaint, his name and the name of individuals referred to therein shall not appear
in such a copy or on any record published, released or made available by the Division
except for good cause shown.

If, upon receipt of such complaint, the Division determines that the complaint meets the
requirements set forth in 4200-02-10-27(2) subparaqgraph {a) of this paragraph and that there are
reasonable grounds to believe that the alleged viclation exists or has occurred, an inspection will
be made as soon as practicable, fo determine if such alleged violation exists or has occurred.
Inspections pursuant to this paragraph need not be limited to matters referred to in the request for
an inspection.

If it is determined that there are no reasonable grounds to believe that a viclation exists or has
occurred, the complainant shall be notified by the Division in writing.

No licensee or registrant shall discharge or in any manner discriminate against any worker
because such worker has filed any complaint or instituted or caused to be instituted any
proceeding under these regulations or has testified or is about to testify in any such proceeding or
because of the exercise by such worker on behalf of himself or others of any option afforded by
these regulations.

Inspections of radiation machines are to be conducted:
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&)

(c)
(d)

(e)

According to Class as follows:

CLASS | - once every four4 years
CLASSES It and V - once every fwe 2 years
CLASSES I, IV, VI and VIl — annually

By personnel of the Division of Radiclogical Health, Tennessee Department of Environment and

- Conservation, or

As provided in 4200-02-10-27 paragraph (4) of this rule, and

According to the same criteria and to the satisfaction of the Division and provided the appropriate
Division forms are completed and submitted along with any documentation required by

subparagraph 1200-02-10-24(3; (e} of this paragraph, and

By the Division of Radiological Heaith on a selecied number of those facilities providing an
inspection report as permitted by +200-02-10--27 paragraph (4) of this rule

{4) The Division will accept, as inspections for a reduced registration fee as provided for in par200-02-40-
=24 subparagraph (3){(d) of Rule 0400-20-10-.24, inspections by individuals other than employees of the
Division:

(a)

Whose inspections are satisfactory to the Division;
Who are registered with the Division;
Who are staff inspectors, or who have paid an annual registration fee to the Division; and
Who meet one set of the following criteria:

Formal Education or Certification Plus

Experience

1. Bachelor's degree in a physical science
or mathematics

Eour 4 years of applied health physics
experience in  a program with
radiation safety problems similar to
those in the program to be surveyed

2. Bachelor's degree in a physical science

$8-7039 (July 2010)

or a biological science with a physical
science minor and ene 1§ year of
graduate work in health physics

Master's degree in health physics or
radiological health

Doctor's degree in health physics or
radiological health

Certification by the American Board of

80

TEAL

Three 3 years of applied health
physics experience in a program with
radiation safety problems similar to
those in the program to be surveyed

Fwo 2 years of applied heaith physics
experience in a program with
radiation safety problems similar to
those in the program to be surveyed

One 1 year of applied health physics
experience in a program with
radiation safety problems similar to
those in the program to be surveyed

One 1 year of applied health physics
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Health Physics or by the American experience in  a program with

Board of Radiology or be a Fellow, radiation safety problems similar to
Canadian College of Physicists in those in the program to be surveyed
Medicine

6. Jwe 2 notarized letters of reference 5 years of applied health physics
from persons registered fo provide experience in a program with
inspections for reduction in fees and radiation safety problems similar to
meeting any of the above sets of criteria those in the program to be surveyed

certifying to the individual's capabilities
to perform the necessary inspections

{5) Inspections satisfactory to the Division. The following constitute a proper inspection and must occur;

(a)

(b)

()

(d)

(e)

(M

e}

The inspection of an x-ray facility subject to registration under "State Regulations for Protection
Against Radiation" shall identify the compliance status of the facility and each piece of equipment
subject to registration with respect to requirements in Chapters 1200-02-04 0400-20-04, 0400-20-
05, 0406-20-08, 0400-20-08, 0400-20-09 and 40 this Chapier.

The qualified individual performing the inspection shall record the resulis of the inspection on
evaluation forms provided by the Division, one form for each facility plus an appropriate form, or
forms, for each piece of equipment. The evaluation forms shall describe the compliance status of
the facility and equipment, as it exists at the time of the inspection. The Division will accept
computer-generated forms if these contain the same questions as Division forms contain.

The qualified individual shall provide sighed and dated evaluation and certification of compliance
forms to the registrant promptly.

The registrant shall submit evaluation and certification of compliance forms to the Division as set
out in 1200-0240-224 subparagraph (3}(d) of Rule 0400-20-10-.24.

A registrant whose inspection reveals an item of non-compliance shall correct the item promptly
following notification by the qualified individual. The registrant shall provide appropriate
documentation of the correction to the Division as set out in 3200-82-13~24 paragraph (3) of Rule
0400-20-10-.24,

K as a result of inadvertent error or excusable neglect a tube(s) is not inspected, the
Commissioner or the Commissioner's designee may grant the 18 percent {(18%; fee for all other
tubes provided they were timely inspected by a qualified individual.

For a tube that is inoperable at the time of inspection, the qualified individual shall submit a form
indicating the tube was inoperable. The tube shall be inspected within 80 days of its becoming
functional.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02.140-28 0400-20-10-.28 Tests.

Each licensee and registrant shall perform, upon instruction from the Division, or shall permit the Division to
perform, such tests as the Division may require including, but not limited to, tests of:

(N Sources of radiation;

(2) Facilities wherein sources of radiation are used or stored;

(3) Radiation detection and monitoring instruments; and
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(4)

. Other equipment and devices used in connection with utilization or storage of licensed or registered

sources of radiation.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

3200-02-10-~29 0400-20-10-,28 Reciprocal Recognition of Licenses.

%)) Subject to these regulations, any individual in another state who holds a specific license from the U.S.
Nuclear Regulatory Commission, an Agreement State or Licensing State, and issued by the agency
having primary jurisdiction, where the licensee maintains an office for directing the licensed activities and
at which radiation safety records are normally maintained, may possess or use the licensed radioactive
material to conduct the activities authorized by such license within this State for a period not in excess of

i 180 days in any period of iwelve 12 consecutive months and will be considered,
without obtaining a specific licensing document from this Division, a licensee of this State provided that:

{a) The out-of-state licensing document does not limit the activity authorized by such document to
specified installations or locations;

{b) The out-of-state licensee notifies the Division in writing at least three 3 days prior to each entry
into this State to engage in such activity. Such notification shall indicate the location, period, type
of proposed possession, use and supervisor within this State, and shall be accompanied by a
copy of the pertinent licensing document or shall indicate in the nofification that such licensing
document has previously been submitted to this Division. If for a specific case, the three 3 day
period would impose an undue hardship, the Division may authorize such perseon to proceed
sooner upon netification by telephone of intent to conduct the proposed activity provided that the
licensee shall file in writing the information required in this paragraph within theee 3 days of the
telephone notification;

(c) The out-of-state licensee shall not transfer or dispose of radioactive material possessed or used
under the provisions of this rule except by transfer to a person:

1. Specifically licensed by the Division, the U.S. Nuclear Regulatory Commission, an
Agreement State or a Licensing State to receive such material, or

2. Exempt from the requirements for a license for such material under 4200-02-10-.04
subparagraph (1}a) of Rule 0400-20-10-.04;

{d) The out-of-state licensee complies with all applicable regulations of the Division and with all the
terms and conditions of his licensing document, except any such terms and conditions which may
be inconsistent with appiicable regulations of the Division; and

(e) The Division may require the out-of-state licensee to supply such other information as the
Division may request.

2) Notwithstanding the provision of paragraph (1) abeve of this rule, any person who holds a specific license

‘ issued by the U.S. Nuclear Regulatory Commission, an Agreement State or a Licensing State authorizing
the holder to manufacture, install, or service a device described in 4200-02-10-10 sybparagraph (2)(a) of

Rule 0400-20-10-.10 within the areas subject to the jurisdiction of the licensing body is hereby granted a

general license to install and service such device in this State provided that:

(a) The device has been manufactured, labeled, installed and serviced in accordance with applicable
provisions of the specific license issued {o such person by the U.S. Nuclear Regulatory
Commission, an Agreement State or a Licensing State; and
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(3

(4)

C)

(b) Such perscn shall assure that any labels required to be affixed fo the device under reguiations of
the authority which licensed manufacture of the device bear a statement that “Removal of this
label is prohibited.”

The Division may withdraw, limit, or qualify its acceptance of any specific license or equivalent licensing
document issued by another agency, or any product distributed pursuant to such licensing document,
upon determining that such action is necessary in order to protect the public health and safety or

property.

Before radioactive materials can be used at a temporary job site within the State at any Federal facility,
the jurisdictional status of the job site shall be determined. If the jurisdictional status is unknown, the
Federal agency should be contacted to determine if the job site is under exclusive Federal jurisdiction.

{a) In areas of exclusive Federal jurisdiction, the general license is subject to all the applicable rules,
requiations, orders and fees of the NRC, and

{b) Authorizations for use of radicactive materials at job sites under exclusive Federal jurisdiction
shall be obtained from the NRC by either:

1. Filing a NRC Form-241 in accordance with 10 CFR 150.20(b); or
2. By applying for a specific NRC license.
Before radicactive material can be used at a temporary job site in ancther State, authorization shall be

obtained for the State if it is an Agreement State, or from the NRC for any non-Agreement State, either by
filing for reciprocity or applying for a specific license.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02-10-30 0400-20-10-.30 Packaging and Transportation of Radioactive Material.

M

3)

#)

This rule establishes requirements for packaging, preparation for shipment, and transportation of
radioactive material and applies to any licensee or registrant authorized by specific or general license to
receive, possess, use, or transfer licensed material, if the person delivers that material to a carrier for
transport, transports the material outside the site of usage as specified in the license, or transports that
material on public highways. This rule does not authorize possession of licensed material.

Except as authorized in a general license or a specific license issued by the Division, or as exempted in
this rule, no licensee may:

(a) Deliver licensed material to a carrier for transport; or
()] Transport licensed material.

Any physician as defined in subparagraph-{i{nri-of Rule 1200-02-04-.04 0400-20-04-.04 is exempt from
paragraph (4) of this rule 1200-02-10-30 with respect to transport by the physician of licensed material
for use in the practice of medicine. However, any physician operating under this exemption must be
licensed under Chapter 4200-02-07 0400-20-07 or 10 CFR Part 35.

A licensee who, under a general or specific license, transports licensed material outside its site of
authorized use or on public highways, or who delivers licensed material to a carrier for transport, shall
comply with the applicable requirements of this rule and with the applicable requirements of the U.S. DOT
regulations in 49 CFR Parts 107, 171 through 180, and 380 through 397, appropriate to the mode of
transport.

{a) The licensee shall particularly note U.S. DOT regulations in the following areas:
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1. Packaging: 49 CFR part 173, subparts A and B and [;

2. Marking and labeling: 49 CFR 172, subpart D, 172.400 through 172.407, and 172.436
through 172.441 of subpart E;
3. Placarding: 48 CFR part 172, subpart F, especia;iiy 172.500 through 172.519, 172.556
and appendices B and C;
4, Accident reporting: 49 CFR part 171, 171.15 and 171.16;
5. Shipping papers and emergency information: 49 CFR part 172, subpartskc and G;
8. Hazardous material employee training: 49 CFR part 172, subpart H;
7. Hazardous material shipper/carrier registration; 49 CFR part 107, subpart G; and
8. Security plans: 49 CFR Part 172, Subpart I.
{b) The licensee shall also note U.S. DOT regulations pertaining to the following modes of
transportation:
1. Rail: 49 CFR part 174, subparts A through D and K;
2. Air. 49 CFR part 175;
3 Vessel: 49 CFR part 176, subparts A through F and M; and
4, Public highway: 49 CFR part 177 and parts 390 through 357.
5) If U.S. DOT regulations are not applicable to. a shipment of licensed material, the licensee shall conform

to the standards and requirements of the U.S. DOT specified abeve in subparagraph (3¥a) (4)(a) of this
rule to the same extent as if the shipment or transportation were subject to U.S. DOT regulations. A
request for modification, waiver or exemption from those requirements, and any notification referred to in
those requirements, shall be filed with, or made to, the Director of the Division of Radiological Health at
the address given in Rule 1200-02-04-07 0400-20-04- 07.

(8) Exemptions.
(a) Exemption for low-level materials.

1. A licensee is exempt from all requirements of this rule with respect to shipment or
carriage of the following low-level material:

{i) Nafural material and ores containing naturally occurring radionuclides that are
not intended to be processed for use of these radionuclides, provided the activity
concentration of the material does not exceed 10 times the values specified in

Table A-2 of Schedule 10-8 in the-Appendixto-Chapter 1200-02-10 Rule 0400-
20-10-.38 and

(i) Materials for which the activity concentration is not greater than the activity
concentration values specified in Table A-2 of Schedule 10-6 in_Rule 0400-20-
10-.38, or for which the cons&gnment activity is not greater than the limit for an
exempt consignment found in Table A-2 of Schedule 10-6 in ihe-Appendiio

Ghapter1200-02-10 Rule 0400-20-10-.38.
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2. A licensee is exempt from all requirements of this rule other than paragraphs (4), (5}, and
{15) of this rule 4200-02-16-.30(3)-and{dand{10), with respect to shipment or carriage
of the following packages, provided the packages contain no fissile material or the fissile

“material exemption standards of subparagraph (6)(b) ek of this ule 4200-02-10-30or 10
CFR 71.15 are satisfied:

(i) A package containing no more than a Type A quantity of radioactive material;

(i) A package in which the only radicactive material is low specific activity (L.SA)
material or surface contaminated objects {(SCO), provided the external radiation
level at 3-meters from the unshielded material or objects does not exceed 10
mSv/h (1 rem/h); or

(i) A package transported within locations within the United States that contains
plutonium in special form with an aggregate radioactivity not to exceed 20 curies
(.74 TBq).

3. A licensee is exempt from all requirements of this rule other than paragraphs (4), (5) and
(15) or of this rule 4200-02-10-30 with respect to shipment or carriage of low-specific-
activity (LSA) material in group LSA-I, or surface contaminated objects (SCQO’s} in group

SCO-l.
{b) Exemption from classification as fissile material.
1. Fissile material meeting the requirements of at least one of the subparts (i) through (vi) of

this part are exempt from classification as fissile material and from the fissile material
-package standards of 10 CFR 71.55 and 71.58, but are subject to all other requirements
of this rule, except as noted,

{i) Individual package containing 2 grams or less fissile material;

{ii) Individual or bulk packaging containing 15 grams or less of fissile material
provided the package has at least 200 grams of solid nonfissile material for every
gram of fissile material. Lead, beryllium, graphite, and hydrogenous material
enriched in deuterium may be present in the package but must not be included in
determining the required mass for solid nonfissile material;

(iii) {H Low concentrations of solid fissile material commingled with solid
nonfissile material, provided that:

l. There is at least 2000 grams of solid nonfissile material for every
gram of fissile material, and

Il. There is no more than 180 grams of fissile material distributed
within 360 kg of contiguous nonfissile material,

(I Lead, beryllium, graphite, and hydrogenous material enriched in
deuterium may be present in the package but must not be included in
determining the required mass of solid nonfissile material;

(iv} Uranium enriched in uranium-235 to a maximum of 1 percent by weight, and with
total plutonium and uranium-233 content of up to 1 percent of the mass of
uranium-235, provided that the mass of any berylium, graphite, and
hydrogenous material enriched in deuterium constitutes less than 5 percent of
the uranium mass;
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(v) Liquid solutions of uranyl nitrate enriched in uranium-235 to a maximum of 2
percent by mass, with a total plutonium and uranium-233 content not exceeding
0.002 percent of the mass of uranium, and with a minimum nitrogen to uranium
atomic ratio (N/U) of 2. The material must be contained in at least a DOT Type A
package; and

(vi) Packages containing, individually, a total plutonium mass of not more than 1000
grams, of which not more than 20 percent by mass may consist of plutonium-
239, plutonium-241, or any combination of these radionuclides.

{7) General license: U.S. NRC-approved package.

{a) A general license is hereby issued to any licensee of the Division to transport, or to deliver to a
carrier for transport, licensed material in a package for which a license, certificate of compliance
or other approval has been issued by the U.S. Nuclear Regulatory Commission.

{b) This general license applies only to a licensee who:

1. Has a copy of the certificate of compliance, or other approval of the package, and has the
drawings and other documents referenced in the approval relating to the use and
maintenance of the packaging and to the actions to be taken before shipment;

2. Complies with the terms and conditions of the license, certificate, or other approval, as
applicable, and the applicable requirements of subparts A, G and H of 10 CFR 71;

3. Submits in writing to the Director, Division of Radiological Health, at the address given in
Rule 4200-02-04-07 0400-20-04-.07, before the licensee’s first use of the package, the
licensee’'s name and license number and the package identification number specified in
the package approval; and

4, Has submitted to the Division and received Division approval for a quality assurance
program that satisfies the provisions found in subpart H of 10 CFR 71,

(c) This general license applies only when the package approval authorizes use of the package
under this general license.

(d) For a Type B or fissile material package, the design of which was approved by U.S. NRC before
April 1, 1996, the general license is subject to the additional restrictions in paragraph (8) of this
rule.

(8) Previously approved package.

{a) A Type B package previously approved by U.S. NRC but not designated as B(U) or B(M} in the
identification number of the U.S. NRC Certificate of Compliance, may be used under the general
license in paragraph (7) of this rule with the following additional conditions:

1. Fabrication of the packaging was satisfactorily completed by August 31, 1986, as
demonstrated by application of its model number in accordance with 10 CFR 71.85(c);

2. A package used for a shipment to a location outside the United States is subject to
multilateral approval, as defined in U.S. DOT regulations at 49 CFR 173.403; and

3. A serial number that uniquely identifies each packaging which conforms to the approved
design is assigned to, and legibly and durably marked on, the ocutside of each packaging.
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(10)

{b)

A Type B(U) package, a Type B(M)} package, a low specific activity (LSA) material package or a
fissile material package, previously approved by the U.S. NRC but without the designation -85’ in
the identification number of the U.S. NRC Certificate of Compliance, may be used under the
general license in paragraph (7) of this rule with the following additional conditions:

1. Fabrication of the package was satisfactorily completed by April 1, 1999 as demonstrated
by application of its model number in accordance with 10 CFR 71.85(c);

2. A package used for a shipment to a location cufside the United States is subject to
multitateral approvai as defined in U.S. DOT regulations at 48 CFR 173.403; and

3. A serial number which uniquely identifies each packaging which conforms to the
approved design is assigned to and legibly and durably marked on the outside of each
packaging. :

General license: Use of foreign approved package.

(a)

(b)

(c)

A general license is issued to any licensee of the Division to transport, or to deliver to a carrier for
transport, licensed material in a package the design of which has been approved in a foreign
national competent authority certificate that has been revalidated by U.S. DOT as meeting the
applicable requirements of 49 CFR 171.12.

This general license applies only to a licensee who:

1. Has a copy of the applicable cerlificate, the revalidation and the drawings and other
documents referenced in the cerfificate, relating to the use and maintenance of the
packaging and to the actions to be taken before shipment;

2, Complies with the terms and conditions of the certificate and revalidation and with the
applicable requirements of this rule. With respect to the quality assurance provisions of
10 CFR Part 71, the licensee is exempt from design, construction, and fabrication
considerations: and :

3. Has submitied to the Division and received Division approval for a quality assurance
program that satisfies the provisions found in subpart H of 10 CFR 71,

This general license applies only to shipments made to or from locations outside the United
States.

General license: Fissile material

(a)

(c)

A general license is issued to any licensee of the Division or U.5. NRC to transport fissile
material, or fo deliver fissile material to a carrier for transport, if the material is shipped in
accordance with this paragraph. The fissile material need not be contained in a package which
meets the standards of 10 CFR Part 71 subparts E and F of U.S. NRC regulations; however, the
material must be contained in a Type A package. The Type A package must also meet the DOT
requirements of 49 CFR 173.417(a).

The general license applies only to a licensee who has submitted to the Division and received
Division approval for a quality assurance program that satisfies the provisions found in Subpart H
of 10 CFR71.

The general license applies only when a package's contents:

1. Contain less than a Type A quantity of fissile material; and
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2. Contain less than 500 total grams of beryllium, graphite, or hydrogenous material
enriched in deuterium.

{d) The general license applies only to packages containing fissile material that are labeled with a

CSl| which:

1. Has been determined in accordance with subparagraph (e) of this rule paragraph;

2. Has a value less than or equal to 10; and

3 For a shipment of multiple packages containing fissile material, the sum of the CSls must
be less than or equal to 50 (for shipment on a nonexclusive use conveyance) and less
than or equal to 100 (for shipment on an exclusive use conveyance).

() 1. The value for the CSI must be greater than or equal o the number calculated by the
following equation;
rams of grams of grams  of
CSt =10 +YU +'§“ 1
2. The calculated CSI must be rounded up to the first decimal place;
3. The values of X, Y, and Z used in the CSI equation must be taken from Tables RHS 7-3
or 7-4, as appropriate;
4, if Table RHS 7-4 is used to obtain the value of X, then the values for the terms in the
equation for uranium-233 and plutenium must be assumed to be zero; and
5, Table RHS 7-3 values for X, Y, and Z must be used to determine the CSI if:

(i)
(i)
(i)

{v)

Uranium-233 is present in the package;

The mass of plutonium exceeds 1 percent of the mass of uranium-235;

The uranium is of unknown uranium-235 enrichment or greater than 24 weight
percent enrichment; or

Substances having a moderating effectiveness (i.e., an average hydrogen
density greater than H;O) (e.g., certain hydrocarbon oils or plastics} are present
in any form, except as polyethylene used for packing or wrapping.

Table RHS 7-3. Mass Limits for General License Packages Containing Mixed Quantities of Fissile Material or
Uranium-235 of Unknown Enrichment per subparagraph (10)(e) of Rule 4200-02-46-30 0400-20-10-. 30

Fissile material

Fissile material mass mixed with
moderating substances having an
average hydrogen density less than
or equal to H,O {grams)

Fissile material mass mixed with
moderating substances having an
average hydrogen density greater

than H,0? (grams)

25U () 80 38
YY) 43 27
9y or 2Py (2) 37 24
88-7039 (July 2010} 88 RDA 1693
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2 When mixtures of moderating substances are present, the lower mass limits shall be used if more than 15
percent of the moderating substance has an average hydrogen density greater than H,O.

Table RHS 7-4 Mass Limits for General License Packages Containing Uranium-235 of Known Enrichment per

subparagraph (10){e} of Rule 4200-02-10-30 0400-20-10-.30
Uranium enrichmenéig(;veca;%gt percent of “*U not Fissile material mass of U (X) {grams)

24 | | 80

20 63

15 67

11 | : 72

10 76

8.5 | 78

9 81

8.5 82

8 | 85

7.5 88

7 90

65 . | 93

6 97

5.5 102

5 108

4.5 | 114

4 | 120 E
35 | 132 |
3 150 |
25 180 f
2 248

1.5 408

1.35 : 480

1 1,020

0.92 _ 1,800

(11)  General license: Plutonium-beryllium special form material.

(& A general license is issued to any licensee of the Division or the U.S. NRC to transport fissile
material in the form of plutonium-beryllium {Pu-Be) special form sealed sources, or to deliver Pu-
Be sealed sources to a carrier for transport, if the material is shipped in accordance with this rule.
This material need not be contained in a patkage which meets the standards of 10 CFR Part 71
subparts E and F; however, the material must be contained in a Type A package. The Type A
package must also meet the DOT requirements of 48 CFR 173.417(a}.
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. (b)

{c)

(d)

(e)

The general license applies only to a licensee who has submitted to the Division and received
Division approval for a quality assurance program that satisfies the provisions found in Subpart H
of 10 CFR 71.

The general license applies only when a package's contents:

1.

2.

Contain no more than a Type A quantity of radioactive material; and

Contain less than 1000 g of plutonium, provided that: plutonium-239, plutonium-241, or
any combination of these radionuclides, constitutes less than 240 g of the total quantity of
plutonium in the package.

The general license applies only to packages labeled with a CS1 which:

1.

2

2.

Has been determined in accordance with subparagraph (e) of this rele paragrapls;
Has a value less than or equal to 100; and

For a shipment of multiple packages containing Pu-Be sealed sources, the sum of the
CSls must be less than or equal to 50 (for shipment on a nonexclusive use conveyance)
and less than or equal to 100 (for shipment on an exclusive use conveyance).

The value for the CSt must be greater than or equal to the number calculated. by the
following equation:

Grams of “*Pu + grams of

241
CSt =10] Pu ]: and
24

The calculated CSI must be rounded up to the first decimal place.

(12)  Fissile Material: Assumptions as to Unknown Properties of Fissile Material.

(a)

When the isotopic abundance, mass, concentration, degree of irradiation, degree of moderation,

or other pertinent property of fissite material in any package is not known, the licensee shall
package the fissile material as if the unknown properties have credible values that will cause the
maximum neutron multipfication.

{(13)  Preliminary determinations.

(@

$3-7039 (July 2010)

Before the first use of any packaging for the shipment of licensed material:

1.

The licensee shall ascertain that there are no cradks, pinholes, uncontrolled voids, or
other defects that could significantly reduce the effectiveness of the packaging or impact
compliance with the standards specified in 10 CFR 71.

Where the maximum normal operating pressure will exceed 35 kPa (5 ibflinz) gauge, the
licensee shall test the containment system at an internal pressure at least 50 percent
(5056} higher than the maximum normal operating pressure, to verify the capability of that
system to maintain its structural integrity at that pressure; and

The licensee shall conspicuously and durably mark the packaging with its model number,

serial number, gross weight and a package identification number assigned by the U.S.
Nuclear Regulatory Commission (U.S. NRC). Before applying the model number, the
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licensee shall determine that the packaging has been fabricated in accordance with the
design approved by the U.S. NRC.

{b) Reserved.

(14)  Routine determinations.

(a) Before each shipment of licensed material, the licensee shall ensure that the package with its
contents satisfies the applicable requirements of this rule and of the license. The licensee shall
determine that:

1.

2,

10.

11.

The package is proper for the contents to be shipped;

The package is in unimpaired physical condition except for superficial defects such as
marks or dents;

Each closure device of the packaging, including any required gasket, is properly installed,
secured and free of defects;

Any system for containing liquid is adequately sealed and has adequate space or other
specified provision for expansion of the liquid in accordance with 10 CFR 71, Subpart F;

Any pressure relief device is operable and set in accordance with written procedures;
The package has been loaded and closed in accordance with written procedures;

For fissile material, any moderator or neutron absorber, if required, is present and in
proper condition;

Any structural part of the package that could be used to lift or tie down the package
during transport is rendered inoperable for that purpose, unless it satisfies the design
requirements of 10 CFR 71.45;

The tevel! of non-fixed (removable) radioactive contamination on the external surfaces of
each package offered for shipment is as low as reasonably achievable and within the
limits specified in U.S. DOT regulations in 49 CFR 173.443;

External radiation levels around the package and around the vehicle, if applicable, will not
exceed the limits specified in 10 CFR 71.47 at any time during transportation; and

Accessible package surface temperatures will not exceed the limits specified in 10 CFR
71.43(g) at any time during transportation.

{b) Reserved.

{15)  Air transport of plutonium.

(=) Notwithstanding the provisions of any general licenses and notwithstanding any exemptions
stated directly in this rule or included indirectly by citation of 49 CFR Chapter i, as may be
applicable, the licensee shall assure that plutonium in any form, whether for import, export or
domestic shipment, is not transported by air or delivered to a carrier for air fransport unless:

1.
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The plutonium is contained in a medical device designed for individual human
apptication; or
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The plutonium is contained in a material in which the specific activity is less than or equal
to the activity concentration values for plutonium specified in Schedule 10-6.

Determination of Ay and A; in the-Appendixto-Chapler1200-02-10 Rule 0400- 20 10-.38
and in which the radioactivity is essentially uniformiy distributed; or

The plutonium is shipped in a single package containing no more than an A, quantity of
plutonium in any isotope or form and is shipped in accordance with paragraphs (4) and
(5) of this rule 4260-02-10-30; or

The plutonium is shipped in a package specifically authorized for the shipment of
plutonium by air in the Certificate of Compliance for that package issued by the U.S.
Nuclear Regulatory Commissicn,

(b) Nothing in subparagraph (a) of this paragraph is to be interpreted as removing or diminishing the
requirements of 10 CFR 73.24.

(c) For a shipment of plutonium by air that is subject to part (&) of this paragraph, the licensee shall,
through special arrangement with the carrier, require compliance with 49 CFR 175.704, U.S.
Department of Transportation regutations applicable to the air transport of plutonium.

{16)  Opening instructions.

Before delivery of a package to a carrier for transport, the licensee shall ensure that any special
instructions needed fo safely open the package have been sent to, or otherwise made available to, the
consignee for the consignee’s use in accordance with subparagraphs (5)(a) and (b) of Rule 1200-02-05-
45 0400-20-05-.115.

{17)  Records.

{a) Each licensee shall maintain, for a period of three 3 years after shipment, a record of each

shipment of licensed material not exempt under paragraph (6) of Rule 1200-02-16--30 of this rulg
showing where applicable:

1.

2.

$S-7039 (July 2010)

Identification of the packaging by model number and serial number;
Verification that there are no significant defects in the packaging, as shipped;
Volume and identification of coolant;

Type and quantity of licensed material in each package and the total quantity of each
shipment;

For each item of irradiated fissile material:
(i) Identification by model number and serial number;

(i) Irradiation and decay history to the extent appropriate to demonstrate that its .
nuclear and thermal characteristics comply with license conditions; and

(i) Any abnormal or unusual condition relevant to radiation safety;
Date of the shipment;
For fissile packages and for Type B packages, any special controls exercised,

Name and address of the transfereg;
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(18)

(19)

(20)

(21)

9. Address to which the shipment was made; and

10. Results of the determinations required by paragraph (14) of this ule 4200-02-10- 36 and
by the conditions of the package approval.

{b) The licensee shall make available to the Division for inspection, upon reasonable notice, all
records required by this rule. Records are only valid if stamped, initialed, or signed and dated by
authorized personnel or otherwise authenticated.

The licensee shall maintain sufficient written records to furnish evidence of the quality of packaging. The
records fo be maintained include results of the determinations required by paragraph (13) of this e
3200-02-10-30; design, fabrication and assembly records; results of reviews, inspections, tests and
audits; results of monitoring work performance and materials analyses; and results of maintenance,
modification and repair activities. Inspection, test and audit records shall identify the inspector or data
recorder, the type of observation, the results, the acceptability and the action taken in connection with any
deficiencies noted. The records shall be retained for three 3 years after the life of the packaging to which

they apply.
inspection and tests.

In addition to the requirements in paragraph {1} of 4200-02-40-27 Rule 0400-20-10-.27 and Rule 4200~
P2-10-28 0400-20-10-28, the licensee shall notify the Director, Division of Radiclogical Health, at the
address given in Rule 4200-02-04-07 0400-20-10-.07, at least 45 days before fabrication of a package to
be used for the shipment of licensed material having a decay heat load in excess of 5 kW or with a
maximum normal operating pressure in excess of 103 kPa (15 Ebflinz) gauge.

Reports.
The licensee shall report to the Director, Division of Radiological Health, within 30 days:

(a) Any instance in which there is significant reduction in the effectiveness of any approved Type B,
or fissile, packaging during use;

b Details of any defects with safety significance in Type B, or fissile, packaging after first use, with
the means employed to repair the defects and prevent their recurrence; or

(c) Instances in which the conditions of approval in the certificate of compliance were not observed in
making a shipment.

Advance notification of shipment of irradiated reactor fuel and nuclear waste.

(a) As specified in subparagraphs (b), (¢) and (d) of this paragraph, each licensee shall provide
advance notification to the governor of of a state, or the governor's designee, and to the Director,
Division of Radiclogical Health, of the shipment of licensed material through or across the
boundary of the State, before the transport, or delivery to a carrier for transport, of licensed
material outside the confines of the licensee’s plant or other place of use or storage.

{b) Advance nofification is required under this section paragraph for shipments of irradiated reactor
fuel in quaniities tess than that subject to advance notification requirements of 10 CFR 73.37(f}.
Advance notification is also required under this sectien paragraph for shipment of licensed
material, other than irradiated fuel, meeting the following three conditions:

1. The licensed material is required by 10 CFR 71 to be in Type B packaging for
transportation;
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The licensed material is being transported to or across the State boundary en route to a
disposal facility or to a collection point for transport to a disposal facility; and

The quantity of licensed material in a single package exceeds the least of the following:

(i) 3000 times the A, value of the radionuclides as specified in Schedule 10-6 in
Ruie 0400-20-10-.38, Table A-1 for special form radioactive material,

(i) 3000 times the A, value of the radionuclides as specified in Schedule 10-6 iy
Rule 0400-20-10-.38, Table A-1 for normal form radioactive material; or

(i) 1000 TBq (27,000 Gi).

(c) Procedures for submitting advance notification,

1.

The notification shall be made in writing to the office of each appropriate governor or
govemnor's designee and {o the Director, Division of Radiological Health.

A notification delivered by mail shall be postmarked at least seven 7 days before the
beginning of the seven 7-day period during which departure of the shipment is estimated
to oceur.

A notification delivered by any other means than mail shall reach the office of the
governor, or of the governor's designee, and of the Director, Division of Radiological
Health, at least four 4 days before the beginning of the seven 7-day period during which
departure of the shipment is estimated to occur.

{i) A list of the names and mailing addresses of the governors' designees receiving
advance notification of transportation of nuclear waste was published in the
Federal Register on June 30, 1995 (60 FR 34306).

(i) The list will be published annually in the Federal Register on or about June 30 to
reflect any changes in information.

(i) A list of the names and mailing addresses of the governors’ designees is
available on request from the Director, Office of State Programs, U.S. Nuclear
Regulatory Commission, Washington, DC 20555-0001.

{iv) The licensee shall retain a copy of the notification as a record for three 3 years.

(d) Information to be furnished in advance notification of shipmenf. Each advance notification of
shipment of irradiated reactor fuel or nuclear waste shall contain the following information:

1.

§5-7039 (July 2010)

The name, address and {elephone number of the shipper, carrier and receiver of the
irradiated reactor fuel or nuclear waste shipment;

A description of the irradiated reactor fuel or nuclear waste contained in the shipment, as
specified in the regulations of U.S. DOT in 49 CFR 172.202 and 172.203(d);

The point of origin of the shipment and the seven 7-day period during which departure of
the shipment is estimated to occur;

The seven 7-day period during which arrival of the shipment at the State’s boundaries is
estimated to oceur;
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5. The destination of the shipment and the saven 7-day period during which arrival of the
shipment is estimated to occur; and
6. A point of contact, with a telephone number, for current shipment information.
(e) Revision notice.

A licensee who finds that schedule information previously furnished to the governor, or governor's
designee, and to the Director, Division of Radiological Health, in accordance with this section
paragraph, will not be met, shall telephone a responsible individual in the office of the governor of
the State, or of the governor's designee, and of the Division of Radiclogical Health and inform
those individuals of the extent of the delay beyond the schedule criginally reported. The licensee
shall maintain a record of the hame of the individual contacted for three 3 years.

H Cancellation notice.

1.

Each licensee who cancels an irradiated reactor fuel or nuclear waste shipment for which
advance noftification has been sent shall send a cancellation notice to the governor of
each State, or o the governor's designee, previously notified, and to the Director,
Division of Radiological Health.

The licensee shall state in the notice that it is a cancellation and identify the advance
notification that is being canceled. The licensee shall retain a copy of the notice as a
record for theee 3 years,

(22)  Quality Assurance

(2) Quality Assurance Reguirements.

1.

S5-7039 (July 2010)

This subparagraph describes quality assurance requirements applying to design,
purchase, fabrication, handling, shipping, storing, cleaning, assembly, inspection, testing,
operation, maintenance, repair, and modification of components of packaging that are
important {o safety. As used in this paragraph, "quality assurance” comprises all those
planned and systematic actions necessary to provide adequate confidence that a system
or compeonent will perform satisfactorily in service. Quality assurance includes guality
control, which comprises those quality assurance actions related to control of the physical
characteristics and quality of the material or component o predetermined requirements.
The licensee, certificate holder, and applicant for a CoC are responsible for the quality
assurance requirements as they apply to design, fabrication, testing, and modification of
packaging. Each licensee is responsible for the quality assurance provision which applies
to its use of a packaging for the shipment of licensed material subject to this paragraph.

Establishment of program.

Each licensee, certificate holder, and applicant for a CoC shall establish, maintain, and
execute a quality assurance program satisfying each of the applicable criteria of 10 CFR
71.101 through 71.137 and satisfying any specific provisions that are applicable to the
licensee's aclivities including procurement of packaging. The licensee, certificate holder,
and applicant for a CoC shall execute the applicable criteria in a graded approach {o an
exient that is commensurate with the quality assurance requirement's importance to
safety.

Approval of program.

Before the use of any package for the shipment of licensed material subject to this
paragraph, each licensee shall ebtain Division approval of its quality assurance program
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and file a description of its quality assurance program, including a discussion of which
requirements of this paragraph are applicable and how they will be satisfied.

Radiography containers.

A program for transport container inspection and maintenance limited to radiographic
exposure devices, source changers, or packages transporting these devices and meeting
the requirements of subparagraph (8)(b) of Rule 4200-02.08-04 0400-20-08-.04 or
equivalent Nuclear Regulatory Commission, or Agreement State requirement, is deemed

to satisfy the requirements of pards part (7){b)4 of this rule and (22%4a) part 2 of Rule
4200-02-10-.30 of this subparagraph. '

(b) Quality assurance organization.

1.

A licensee™, certificate holder, and applicant for a CoC shall be responsible for the
establishment and execution of the quality assurance program. The licensee, certificate
holder, and applicant for a CoC may delegate to others, such as coniractors, agents, or
consultants, the work of establishing and executing the quality assurance program, or
any part of the quality assurance program, but shall retain responsibility for the program.
These activities include performing the functions associated with attaining quality
objectives and the quality assurance functions.

The quality assurance functions are:

{i) Assuring that an appropriate quality assurance program is established and
effectively executed; and

(i) Verifying, by procedures such as checking, auditing, and inspection, that
activities affecting the functions that are important to safety have been correctly
performed.

The persons and organizations performing quality assurance functions must have
sufficient authority and organizational freedom to:

(i) Identify quality problems;
(ii) Initiate, recommend, or provide solutions; and

iii) Verify implementation of solutions.

(c) Quality assurance program.

1.

A licensee, cerlificate holder, and applicant for a CoC shall establish, at the earliest
practicable time consistent with the schedule for accomplishing the activities, a quality
assurance program that complies with the requirements of 10 CFR 71.101 through
71.137. The licensee, certificate holder, and applicant for a CoC shall document the
quality assurance program by writien procedures or instructions and shall carry out the
program in accordance with those procedures throughout the period during which the
packaging is used. The licensee, certificate holder, and applicant for a CoC shall identify
the material and components to be covered by the quality assurance program, the major

* While the term "licensee" is used in these criteria, the requirements are applicable to whatever design, fabrication, assembly, and testing of
the package is accomplished with respect to a package before the time a package approval is issued.
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organizations participating in the program, and the designated functions of these
organizations.

A licensee, certificate holder, and applicant for a CoC, through its quality assurance
program, shall provide control over activities affecting the quality of the identified
materials and components to an extent consistent with their importance to safety, and as
necessary to assure conformance to the approved design of each individual package
used for the shipment of radioactive material. The licensee, certificate holder, and
applicant for a CoC shall assure that activities affecting quality are accomplished under
suitably controlled conditions. Conirolled conditions include the use of appropriate
equipment; suitable environmental conditions for accomplishing the activity, such as
adequate cleanliness; and assurance that all prerequisites for the given activity have
been satisfied. The licensee, certificate holder, and applicant for a CoC shall take into
account the need for special controls, processes, test equipment, tfools, and skills to
attain the required quality, and the need for verification of quality by inspection and test.

A licensee, certificate holder, and applicant for a CoC shall base the requirements and
procedures of its quality assurance program on the following considerations concerning
the complexity and proposed use of the package and its components:

0] The impact of malfunction or failure of the item to safety;
(i) The design and fabrication complexity or uniqueness of the item;
(iii) The need for special controls and surveillance over processes and equipment;

{iv) The degree to which functional compliance can be demonstrated by inspection or
test; and

(V) The quality history and degree of standardization of the item.

A licensee, certtificate holder, and applicant for a CoC shall provide for indoctrination and
training of personnel performing activities affecting quality, as necessary to assure that
suitable proficiency is achieved and maintained. The licensee, certificate holder, and
applicant for a CoC shall review the status and adequacy of the quality assurance
program at established intervals. Management of other organizations participating in the
guality assurance program shall review regularly the status and adequacy of that part of
the quality assurance program they are executing.

(d) Handling, storage, and shipping conirol.

The licensee, certificate holder, and applicant for a CoC shall establish measures to control, in
accordance with instructions, the handling, storage, shipping, cleaning, and preservation of
materials and equipment to be used in packaging to prevent damage or deterioration. When
necessary for particular products, special protective environments, such as inert gas atmosphere,
and specific moisture content and temperature levels must be specified and provided.

(e) Inspection, test, and operating status.

1.
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A ficensee, a certificate holder, and an applicant for a CoC shall establish measures to
indicate, by the use of markings such as stamps, tags, labels, routing cards, or other
suitable means, the status of inspections and tests performed upon individual items of the
packaging. These measures must provide for the identification of items that have
satisfactorily passed required inspections and tesis, where necessary to preclude
inadvertent bypassing of the inspections and tests.
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2. A licensee shall establish measures to identify the operating status of components of the
packaging, such as tagging valves and switches, to prevent inadvertent operation.

Nonconforming materials, parts, or componenis.

A licensee, certificate holder, and applicant for a CoC shall establish measures o control
materials, parts, or components that do not conform to the licensee's requirements to prevent
their inadvertent use or installation. These measures must include, as appropriate, procedures for
identification, documentation, segregation, disposition, and nofification o affected organizations.
Noncenforming items must be reviewed and accepted, rejected, repaired, or reworked in
accordance with documented procedures.

Corrective action.

A licensee, certificate holder, and applicant for a CoC shall establish measures to assure that
conditions adverse to quality, such as deficiencies, deviations, defective material and equipment,
and nonconformances, are promptly identified and corrected. In the case of a significant condition
adverse to quality, the measures must assure that the cause of the condition is determined and
corrective action taken to preclude repetition. The identification of the significant condition
adverse to quality, the cause of the condition, and the corrective action taken must be
documented and reporied to appropriate levels of management.

Quality assurance records.

A licensee, certificate holder, and applicant for a CoC shall maintain sufficient written records to
describe the activities affecting quality. The records must include the instructions, procedures,
and drawings required by 10 CFR 71.111 to prescribe quality assurance activities and must
include closely related specifications such as required qualifications of personnel, procedures,
and equipment. The records must include the instructions or procedures which establish a
records retention program that is consistent with applicable regulations and designates factors
such as duration, location, and assigned responsibility. The licensee, certificate hoider, and
applicant for a CoC shall retain these records for 3 years beyond the date when the licensee,
certificate holder, and applicant for a CoC last engage in the activity for which the quality
assurance program was developed. If any portion of the written procedures or instructions is
superseded, the licensee, certificate holder, and applicant for a CoC shall retain the superseded
material for 3 years after it is superseded.

Audits.

A licensee, a ceriificate holder, and an applicant for a CoC shall carry out a comprehensive
system of planned and periodic audits to verify compliance with all aspects of the quality
assurance program and to determine the effectiveness of the program. The audits must be
performed in accordance with written procedures or checklists by appropriately trained personnel
not having direct respensibilities in the areas being audited. Audited results must be documented
and reviewed by management having responsibility in the area audited. Foliow up action,
including re-audit of deficient areas, must be taken where indicated.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 ef seq., and 4-5-201 et seq.

1200-02-10-34 0400-20-10-.31 Fees for Licenses.

A fee shall be assessed and collected on the application for and annual maintenance of licenses
regarding radioactive materials, as follows:

(a) Application filing fees from applicanis for licenses to use or possess radioactive materials or any
other activity authorized under this Chapfer that requires a license from the Department.
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)

(3

4

(5)

. (b) Annual maintenance fees from licensees or persons required to possess a license under this

Chapter, including reciprocal activity under 3:200-02-15-29 Rule 0400-20-10-.29.

The application filing fees shall be the same amount as the annual maintenance fees set forth in
paragraphs (6) through (19) of this rule. A radicactive material license application will not be considered
for completeness unless the application filing fee has been paid in full. Within 15 days of receipt of an
application, an invoice for the fee will be prepared and mailed to the appiicant. The application filing fee is
not refundable, except as specified in Rublie-Chapter41Z -Acts-of1884 T.C A § 88-203-103. Applicants
for licenses greater than Category 8 shall pay the application fee annually unfil such time as the license is
issued or denied. {(An application filing fee shall be required when a licensee applies for a license
maodification to change to a higher numbered category, in which case the application fee will be the
amount of the proposed new Category. The application filing fee shall serve as full payment of fees for
the balance of the calendar year in which the license is issued.)

If a license authorizes activities under more than one Category, the application and annual maintenance
fee shall be the cumulative total for each applicable category under which the license is issued.

The annual maintenance fees, based on the categories in paragraphs (6) through (19) of this rule shall be
payable to the Division of Radiological Health by check made payable to “Treasurer State of Tennessee”
by February 17 of each year, as indicated on the annual invoice, until the license is terminated in
accordance with these reguiations.

(a) Provided that the licensee has demonstrated to the satisfaction of the Department that all of the
requirements concerning disposal of radicactive material and the decontamination of facilities are
met, the termination of the license is administratively accomplished by using one of the following:

1. As requested by the licensee;
2, By the Department for cause; or
3. in accordance with these regulations.

{b) The failure to acquire radicactive material or the disposal of radioactive material without notifying
the Department and requesting termination in writing does not constitute termination of the
license.

Complete Applications

(a) For the purpose of determining whether or not the Division has acted in the time frame
established to process applications set forth in (8} subparagraph (e) of this paragraph the
evaluation period shall not begin until a complete application has been filed in the Division of
Radiclogical Health Central Office. All items on the application form shall be completed in
sufficient detail to allow the Division to determine that the applicant's equipment, facilities and
radiation protection program are adequate to protect health and minimize danger to life and
property.

{9)] The Division shall denocte the date that all applications for radioactive material license are
received in its Nashville office.

{c) Upon receipt of an application, the Division must examine it to insure that it is complete and
advise the applicant in writing of its findings via certified mail. Sixiy 80 days will be allowed for the
initial and each subsequent review per {g} part 3 of this Rule subparagraph,
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If an application is determined to be incomplete, the Division must notify the applicant in
writing via certified mail of the finding with a brief explanation of the deficiencies. The
application filing fee shall be retained by the Division.

After receiving notice from the Division that the application was incomplete, the applicant
shall have ene-hundred-eighty 180 calendar days to correct the deficiencies. If properly
corrected, the application will be processed and no additional application fee is required,
except for the possibility of those above Category 8. If the deficiencies are not corrected
within the 180 day correction period, the fee will be forfeited in its entirety to the Division
with no further action taken on the application by the Division. If the applicant re-applies,
a new application fee must be paid in full.

Upon receipt of a corrected application revised pursuant {o part 1 or 2 of this
subparagraph {g}, the Division shall re-evaluate the application and notify the applicant of
its finding as to whether or not the deficiencies in the application have been completed.
The same procedure to notify an applicant as to whether or not the application is
complete will follow the requirements specified by this subparagraph, with the exception
being that the one-hundred-sighty 180 day correction period begins from the receipt of
the initial application - not receipt of the revised application.

Any person possessing licensable quantities of unlicensed radioactive material during the
review of an application for a license for the radioactive material shall be in violation of
3200-02-18-02 Rule 0400-20-10-.02.

(d) Revisions to an application, o reflect changes in radicactive material or its use, will be accepted
by the Division during the application processing period. However, notwithstanding &)
subparagraph (e) of this Rule paragraph, the deadline for evaluation as to issuance of a license
will restart upon each and every revision.

(&) - The Division shall make a decision to issue or deny a request for a new radioactive material
license, except Category 12, and notify the applicant of that decision in no more than 365 days
after receipt of a complete application, unless the Division has requested technical assistance in
the review of the application from the Nuclear Regulatory Commission.

(6) CATEGORY Gl o e et e e e e e e e $ 150
Any person processing radioactive material, under the terms of any
general license issued under these regulations, in a form or device on
which a test for leakage of radioactive material is required.
(7) CATE GO RY 1 e e e e e $ 300
A specific license for source material used exclusively for shielding
radiation.
(8 AT EGO RY 2 e e $ 600
(a) Reserved.
{b) The application, use or possession of radicactive materiat as
chromatography sources or gauges not requiring assignment to another
category.
{c) The application, use or possession of radicactive material for “in vitro”
use only, total guantity not to exceed 200 microcuries.
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(e)

{f)

(9)  CATEGORY 3

@

(b)

()

(h)

(i

Any person who packages or containerizes, loads transport vehicles or
ships radicactive materials to a licensed disposal/processing facility in
Tennessee. In addition to application and annual maintenance fees,
there is also a levied fee of fwe 2 cents per pound {$.02/Ib) on all items
contaminated or potentially contaminated with radioactive material or on
low-tevel radioactive waste received at a processing, storage, disposal or
refurbishing facility in Tennessee.

Notwithstanding the requirementis of this paragraph and Rule 4200-02-
40-32 0400-20-10-.32, licensees with mulitiple sites within the state will
be levied only one fee if items are moved directly from one site to
another.

The operator of the disposal/processing facility shall collect the fee of twe
2 cents per pound ($.02/1b). For each calendar month, he shall remit the
total of fees collected for the month {o the Division of Radiological Health
by the 25" day of the following month.

The application, use or possession of radicactive materiai for the
calibration for hire of radiation detection, monitoring and measuring
instruments.

The performance for hire of leak tests on sealed sources of radioactive
material.

The. application, use or possession of radioactive material, unless
specific to a higher numbered category, by an academic institution, but
does not include licenses authorizing all radioisotopes with atomic
number 3 through 83.

The possession and use of radicactive material for civil defense
activities.

The application, use or possession of radioactive material by a medical
institution or physicians for use in radiopharmaceuticals for the diagnosis
or therapy of humans.

Reserved.

Reserved.

Reserved.

The application, use or possession of radioactive material for
demonstration or training purposes.

The application, sue or possession of radioactive material for “in vitro”
use only, total quantity exceeding 200 microcuries.

The use of sealed sources for soil and/or construction materials testing
at temporary job-sites by licensees with licensed authorization for no
more than 2 devices.
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@)

(k)

(10) CATEGORY 4

(@)

(b)

(c)

(11)  CATEGORY 5

(@

(c)

The use of radioactive material as chromatography sources at femporary
job-sites by licensees with licensed authorization for nc more than 2
devices.

The use of gauging and measuring devices at temporary job-sites by
licensees with licensed authorization for no more than 2 devices.

The application, use or possession of radioactive material by a medical
institution or physicians for interstitial, intracavitary or superficial
treatment of humans using sealed sources, seeds or wires.

The application, use or possession of radioactive material in sealed
sources for irradiation of materials in which the source is not removed
from its shield (self-contained irradiations).

The application, use or possession or radioactive material for analytical
testing purposes.

The use of radioactive material in research and development,
manufacturing, testing, processing and assembling of products. This
group includes the use of source material in the manufacture of items
such as mantles, alloys, gases, liquids, metals, ceramics, glass or
photographic products.

The use of radioactive material in a process that incorporates that
material into a product in exempt concentrations.

The possession and use of radioactive material in curie gquantities in a
number of sources in gauges and gauging applications that require
frequent changes and therefore frequent review of the program to ensure
that the hazard potential does not exceed the scope of the radiation
safety program.

The use of a single radioactive material in the fabrication of sealed
sources or ampoules.

The receipt of prepackaged radioactive material waste from other
persons by a nuclear waste handler for storage for less than theee 3
months before fransfer only to persons licensed to receive or dispose of
the material.

The use of sealed sources for soil and/or construction materials testing
at temporary job-sites by licensees with licensed authorization for more
than twe 2 devices.

The use of radioactive material as chromatography sources at temporary
job-sites by licensees with licensed authorization for more than fwe 2
devices.

The use of gauging and measuring devices at temporary job-sites by
licensees with licensed authorization for more than twe 2 devices.
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(12)

(13)

(14)

{i) The application, use or possession of radioactive material by a medical
institution or physicians for the treatment of humans with sealed sources
contained in teletherapy devices.

() The application, use or possession of radioactive material by a
veterinarian for the treatment of animals using sealed sources, seeds or
wires.

CATEGO RY B i e e e e

(a) The application, use or possession of radioactive material including

source and/or special nuclear material in unsealed form in less than
multicurie guantities for use in the fabrication of sealed sources without
regard to amount of contained radioactivity.

(b) The manufacture of devices andfor sources that require in-depth review
before approval by the Division. Each device and/or source reviewed
shall be subject to this fee.

{c) The preparation, use or distribution of radiopharmaceuticals to locations
other than the licensee’s address for use in medical diagnosis or therapy.

(d) The use of radiography (the examination of the structure of materials by
nondestructive methods using radioactive material) on the licensee's
premises in a permanent shielded facility or temporary job-sites.

(e) The possession and use of radioactive material by academic and
medical institutions under a license authorizing all radioisotopes with
atomic numbers 3 through 83.

{f Reserved.

(@) The application of radioactive material to soil, water, air, plants and
animals, if the application involves an actual or potential release in or to
unrestricted areas.

(n) The possession, use and distribution of radioactive material at one or
more sateflite facilities, or the possession and use of radioactive material
at one or more satellite facilities, by medical institutions.

(i) The application, use or possession of radioactive material by a medical
institution or physicians for research using humans and/or animals.

AT E G O RY 7 o et e e et e e e et e e e

(a) Reserved.
(b} Reserved.

{c) The application, use or possession of radioactive material for well
logging well surveys or trader studies.

CATE G O RY B o

() The receipt of radicactive material waste from other persons by a nuclear
waste handler, for the purpose of packaging or repackaging the material
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prior to transfer only to perscns licensed to receive or dispose of the
material.

(b) The commercial collection, laundering or dry cleaning of wearing apparel
that is confaminated with radioactive material.

(15)  CATEGORY © ..o oot

(a) The possession of radipactive material or equipment contaminated or
potentially contaminated with radicactive material as a result of
operations involving the recovery of an elemeni, compound or mixture
from ores notf subject to licensure because of the radicactive material
content of the ore.

(b) Facilities that possess radicactive material as a result of operations (not
directly involving radioactive decontamination activities) involving
recovery of materials or other manufacturing processes (not dlrectly
manufacturing radioactive items or products).

(18) CATEGORY 10 e e et et e e et et e ae e e
(a) Facilities storing radioactive material, contaminated equipment andfor

potentially contaminated equipment for fransfer to authorized recipienis
as a service to the nuclear industry.

(b) Possession and refurbishment of contaminated equiprﬁent and/or
potentially contaminated equipment that has been used at nuclear power
plants.

(17 CATEGORY 1 L e e et e e e

() The collection, transfer, sorting and/or brokerage of radioactive material
as sealed source, residue, product or as material in or on equipment;
and/or

The decontamination of products andfor equipment containing
radioactive material and/or contaminated with radioactive material;
and/or

The possession, storage and incineration of radioactive material or items |
contaminated with radioactive materials.

(b) On site possession and storage of radioactive material and/or equipment
contaminated with radioactive material as a result of operations involving
the recovery of an element, compound or mixture from ores subject to
licensure because of the radicactive material content of the ore or
concentration of the radicactive material during the processing of the ore,

{c) Faciliies involved in the manufacture of product lines containing
radioactive material in the manufactured product.

{d) Possession of radioactive material for processing. This material may
exist in ores, concentrates, compounds or metals.
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(18)

(19)

{e) The possession of multicuries quantities of unsealed radioactive material
either as waste or for further processing and/or conversion into specific
marketable products.

{f) Operations involving the fabrication of sealed sources or manufacture of
compounds for distribution to other specific or general licensees.

{g) The possession and use of radioactive material in a sealed source for
irradiation of materials in which the source is exposed for irradiation
purposes (non self-contained irradiations).

CATEGORY 12 ..ottt ettt et et et et et $ 375,000

(a) The application for and/or operation of a low-level radioactive waste
disposal facility.

{b) The maximum length of reviewing time (the period of time when there
are no ouistanding unanswered questions) after receipt of a new
application and the appropriate fee for a Category 12 specific license and
the issuance of a license is 60 months.

CATEGORY 13 oot At least $ 150 not greater than $ 375,000

The application, use or possession of radioactive material for uses or procedures
not specificatly included in any other category.

The fee shall be determined on a case-by-case basis.
The defermination shall be based on an analysis of the hazard, the scope of the

difficulty encountered in the review process and the specifics of the aclivity
pursuant to the categories established above.

Authority: T.C.A. §§ 68-202-101 ef seq., 68-202-201 et seq., and 4-5-201 et seq.

3200-02-10--32 0400-20-10-.32 Licensing of Shippers of Radioactive Material into or Within Tennessee.

(N

2

This rule applies {o any shipper who transports or offers for transport into or within Tennessee on public
waterways, roadways, railways or other transportation facilities upon which United States Department of
Transportation {USDOT) regulations are applicable, any radicactive waste and/or items contaminated or
potentially contaminated with licensable quantities of radioactive material or from licensable activities for
packaging, repackaging, processing, refurbishing, storage pending disposal or disposal.

All persons subject to the provisions of this rule shall comply with all applicable provisions of the USDOT
Regulations (49 CFR) of October 1, 1990, as amended, the U.S. Nuclear Regulatory Commission {NRC)
Reguiations (10 CFR) of November 30, 1988, as amended, and any disposal/processing facility
radioactive material license requirements with special emphasis regarding the packaging, transportation,

- disposal, storage pending disposal or delivery of radioactive material.

Definitions used in this rule.

{(a) “Carrier” means any person who transports radicactive waste andfor items contaminated or
potentially contaminated with licensable quantities of radioactive material or from licensable
activities.

(b) “Disposal” means isolation of radioactive waste from the biosphere.

$5-7039 (July 2010) RDA 1693

105

ys 9



()

“Digposal/Processing Facility” means any facility located within Tennessee that accepts
radioactive waste andfor items contaminated or potentially contaminated with licensable
guantities of radioactive material or from licensable activities for packaging, repackaging,
processing, refurbishing, storage pending disposal or disposal.

' {Reserved)

{(Reserved)

“License for delivery” means an authorization issued by the Division to any shipper of radioactive
waste and/or items contaminated or potentially contaminated with licensable quantities of
radioactive material or from licensable activities to transport such radioactive material or offer
such material for transport to a disposal/processing facility.

"Shipper” means any person, whether a resident of Tennessee or a non—resident:

1. Who transfers radioactive waste and/or items contaminated or potentially contaminated
with licensable quantities of radioactive material or from licensable activities to a carrier
for transport;

2, Who transports his own radicactive waste and/or items contaminated or potentially
contaminated with licensable quantities of radioactive material or from licensable
activities;

3. Who transports radioactive waste and/or items contaminated or potentially contaminated
with licensable quantities of radioactive material or from licensable activities he has
packaged, repackaged, processed or stored pending disposat for another person; or

4. Who transfers radioactive waste and/or items contaminated or potentially contaminated
with licensable quantities of radicactive material or from licensable activities to another
person if such materials are transported into or within the state.

“Transport” means the movement of radioactive waste and/or items contaminated or potentially
contaminated with licensable quantities of radicactive material or from licensable activities into or
within the State of Tennessee on waterways, roadways, railways or other transpertation facilities
upon which USDOT regulations are applicable.

{4) Licensing for Delivery.

(a)

(b)

Before any shipper transporis or causes to be transported radioactive waste andfor items
contaminated or potentially contaminated with licensable quantities of radioactive material or from
licensable activities to a disposal/processing facility within the State for subsequent processing,
he shall obtain a license for delivery of such materials from the Division. An application for a
ticense for delivery shall be submitted on Division Form RHS-30, together with any necessary fee,
to the Division at the address in Rule 4200-02-84--67 0400-20-04-.07. The check for payment of
the fee is to be made payable to "Treasurer: State of Tennessee.”

Before a license for delivery shall be issued, the shipper must deposit and maintain with the
Division an acceptable form of financial assurance in the amount of Eive Hundred-Theusand
Dellars $500,000; or, provide to the Division satisfactory evidence of liability insurance.

1. For purposes of this paragraph, liability insurance shall mean coverage of Eive Hundrad
Fhousand—Dollars $500,000 per occurrence and ene—Millen—Doliars $1,000,000
aggregate, or as otherwise provided by State law.
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2. Any insurance carried pursuant to Section 2210 of Title 42 of the United States Code and
U.S. NRC Regulaticns (10 CFR Part 140) of November 30, 1988, as amended shall be
sufficient to meet the requirements of 4200-02-10-32(44{b3 this subparagraph

3. Liability insurance shall be specific to the packaging, transportation, disposal, storage
and delivery of radioactive waste.

4. Shippers maintaining liability insurance for the purpose of this paragraph may provide to
the Division a certificate of insurance from their insurer indicating the policy number,
limits of liability, policy date and specific coverage for packaging, transportation, dlsposal
storage pending disposal and delivery of radioactive materials.

5. A cash or corporate surety bond previously posted will be returned to the shipper upon
notification to the Division in writing of his intention to cease shipments of radioactive
waste into or within the State. Such bond will be returned after the last such shipment is
accepted safely at its destination.

{c) Each license for delivery application shall include a certification to the Division that the shipper
will comply fulty with all applicable State and Federal laws, administrative rules and regulations,
licenses, or license conditions of the dispesal/processing facility regarding the packaging,
transportation, storage pending disposal, disposal and delivery of radioactive materials.

{d) Each ficense for delivery application shall include a certification that the shipper will hold the State
of Tennessee harmless for all claims, actions or proceedings in law or equity arising out of
radiological injury or damage to.persons or property occurring during the transportation of its
radicactive waste into or within the State including all costs of defending the same; provided,
however, that nothing contained herein shall be construed as a waiver of the State's sovereign
immunity; and, further provided that agencies of the State of Tennessee shall not be subject to

the requirements of {4} subparagraph (b) of this ruie paragraph

(5) Disposal/processing facility operator.

() Owners and operators of disposal/processing facilities shall permanently record, and report to the
Division within twenty-feur 24 hours after discovery, all conditions in violation of the requirement
of this rule discovered as a result of inspections required by any license under which the facility is
operated. In addition, owners and operators of disposal/processing facilities shall record all
violations of these regulations and license conditions and maintain the record for inspection by
the Division.

(b) Prior to the receipt of radicactive waste andfor items contaminated or potentially contaminated
with licensable quantities of radioactive materiel or from licensable activies at a
disposal/processing facility in Tennessee, the owners and operators of such facility shall notify
each shipper of any special requirements, if any, in effect regarding the packaging, transportation,
storage pending disposal, disposal or delivery of such wastes at that facility.

(c) No owner or operator of a disposal/processing facility located within this State shall accept
radioactive waste and/or items contaminated or potentially contaminated with licensable
quantities of radioactive material or from licensable activities for packaging, repackaging,
processing, refurbishing, storage pending disposal or disposal unless the shipper of such waste
has a valid license for delivery issued pursuant fo this rule.

{d) The owner or operator of a disposal/processing facility shall, along with the remittance of the fee
collected pursuant to 4200-02-10-34 subparagraph (8)(d) of Rule 0400-20-10-.31, submit a
listing containing the name and address of each shipper and the volume and poundage from
each shipper for the calendar month.
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6) Penalties.

All shippers shall be subject to fees and Civil Penalties as authorized and specified in Tennessee
Code-Annciated-88-23-242 T.CA § 68-202-212 and other pertinent reguiations rules of the
Division.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.
4200-02.10-.33  0400-20-10-.33 Reserved.

(Note: The following has been moved to the Appendix to this Chapter (4200-02-16--38 Rule 0400-20-10-.38):
Schedule RHS 8-3 Exempt Quantities
Schedule RHS 8-4 Exempt Concentrations
Schedule RHS 8-5 General Licensing of Certain Named Devices)

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

Reserved.
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4200-02-10--35 0400-20-10-.35 Reserved.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

4200-02-10-36 0400-20-10-.36 Radiological Criteria for License Termination.

(N

(2)

General provisions and scope.

(a)

(b)
{c)

(d)

The criteria in this rule apply to the decommissioning of facilities licensed under this Chapter
4200-02-10 and Chapters $200-02-07 0400-20-07, 1200-02-08 0400-20-08, 1200-02-09 0400-20-
09, 4200-02-41 0400-20-11 and 4200-02-12 0400-20-12. For low-level waste disposal facilities
{Chapter 4200-02-11 0400-20-11), the criteria apply only to ancillary surface facilities that support

radioactive waste disposal activities.
Reserved.

After a site has been decommissioned and the license terminated in accordance with the criteria
in this rule, the Division will require additional cleanup if, based on new information, it determines
that the criteria of this rule were not met and residual radioactivity remaining at the site could
result in a significant threat to public health and safety.

When calculating TEDE to the average member of the critical group the licensee shall determine
the peak annual TEDE dose expected within the first 1,000 years after decommissioning.

Radiological criteria for unrestricted use.

A site will be considered acceptable for unrestricted use if:

(@)

(b)

The residual radioactivity that is distinguishable from background radiation results in a TEDE to
an average member of the critical group that does not exceed 25 mrem (0.25 mSv) per year,
including that from groundwater sources of drinking water, and

The residual radioactivity has been reduced to levels that are as low as reasonably achievable
(ALARA). Determination of the levels that are ALARA must take into account consideration of any
detriments, such as deaths from transportation accidents, potentially expected to result from
decontamination and waste disposal.

Criteria for license termination under restricted conditions.

A site will be considered acceptable for license termination under restricted conditions if:

(a)

(b)

A licensee can demonstrate that further reductions in residual radioactivity necessary to comply
with the provisions of paragraph 4200-02-10-.38 (2) of this rule

1. Would result in net public or environmental harm or

2. Were not being made because the residual levels associated with restricted conditions
are ALARA. Determination of the levels that are ALARA must take into account
consideration of any detriments, such as traffic accidents, expected to potentially resuit
from decontamination and waste disposal;

The licensee has made provisions for legally enforceable institutional controls that provide
reasonable assurance that the TEDE from residual radioactivity distinguishable from background
to the average member of the critical group will not exceed 25 mrem (0.25 mSv) per year;
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{c) The licensee has provided sufficient financial assurance to enable an independent third party,
, including a governmental custodian of a site, to assume and carry out responsibilities for any
necessary control and maintenance of the site. Acceptable financial assurance mechanisms are

specified in paragraph 1200-02-40-42 (4) of Rule 0400-20-10-.12 and

(d) Residual radioactivity at the site has been reduced so that if the institutional controls were no
longer in effect, there is reasonable assurance that the TEDE from residual radioactivity
distinguishable from background to the average member of the critical group is ALARA and would
not exceed either:

1. 100 mrem (1 mSv) per year; or

2. 500 mrem (5 mSv) per year provided the licensee:

{i) Demonstrates that further reductions in residual radioactivity necessary to
comply with the 100 mrem/y (1 mSvly) value of part 1 abowe of this
subparagraph:

1)) Are not technically achievable,
{In) Would be prohibitively expensive or
(It Would result in net public or environmental harm;

(i) Makes provisions for durable institutional controls;

{iii) Provides sufficient financial assurance to enable a responsible government entity
or independent third party, including a governmental custodian of a site, both o
carry out periodic rechecks of the site and to assume and camy out
responsibilities for any necessary control and maintenance of those cantrols.
Periodic rechecks shall be carried out no less frequently than every five 5 years
to assure that the institutional controls remain in place as necessary to meet the
criteria of subparagraph 1280-62-10--38{3} (b) of this paragraph Acceptable
financial assurance mechanisms are those in subparagraph 3208-82-10-42
(4)(d) of Rule 0400-20-10-.12.

{4) Alternate criteria for license termination.

(@) The Division may terminate a license using alternate criteria greater than the dose criterion of
paragraph 4200-02-10-.38 (2) of this rule and subparagraph 4200-02-10-38 (3¥b) of this rulg if
the licensee:

1. Provides assurance that public health and safety would continue to be protected, and that
it is unlikely that the dose from all man-made sources combined, other than medical,
would be more than the 1 mSv/fy (100 mrem/y) limit of Rules 4200-02-06-80 0400-20-05-
.60 and 1200-02-05-81 0400-20-05-.61, by submitting an analysis of possible sources of
exposure;

2. Has employed to the extent practicable restrictions on site use according to the
provisions of paragraph 4200-02-40-38 (3) of this rule in minimizing exposures at the
site; and
{i) Reduces doses to ALARA levels, taking into consideration any detriments such

as traffic accidents expected to potentially result from decontamination and waste
disposal.
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(i) Reserved.

{b) The use of alternate criteria to terminate a license requires the approval of the Division. The
Division will consider staff recommendations to address any comments provided by the
Environmental Protection Agency and any public comments submitted under paragraph (58) below

(5) Public notification and public participation.

Whenever the Division deems such nofice to be in the public interest, the Division may:

(2) Notify and solicit comments from:

1. Local governments and other State government agencies in the vicinity of the site that

cotild be affected by the decommissioning; and

2. The Environmental Protection Agency for cases where the licensee proposes to release

a site under paragraph 4200-02-10-36 (4) of this rule

(b) Publish a notice in on the Tennessee Administrative Register web site, and in another appropriate
forum that is readily accessible to individuals near the site, and sclicit comments from affected
pariies. Another appropriate forum may include local newspapers and letters to State or local

organizations.
Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

1200-02-10-37 0400-20-10-.37 Reserved.

(Note: The contents of Rule +200-82-40-37 0400-20-10-.37 Schedule 10-8: Determination of A; and A, are-being

have moved to the Appendix to this-Chapier-4200-02-10--38 Rule 0400-20-10-.38))
Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.

1200-02-10-38 0400-20-10-.38 Appendix—Schedules.

SCHEDULE RHS 8-3: EXEMPT QUANTITIES

Radioactive Micro— Radioactive Micro—
Material curies’ Material curies
Antimony—122 (Sb 122) 100 Calcium—47 (Ca 47) 10
Antimony-124 {8b 124) . 10 Carbon—-14 (C 14) 100
Antimony-125 {Sb 125) 10 Cerium—141 {Ce 141) 100
Arsenic—73 (As 73) 100 Cerium-143 (Ce 143) 100
Arsenic—74 (As 74} 10 Cerium—144 (Ce 144) 1
Arsenic—76 (As 76) 10 Cesium—129 (Cs 129) 100
Arsenic—77 {As 77) 100 Cesium—131 {Cs 131) 1,000
Barium-131 (Ba 131) 10 Cesium—134m (Cs 134m) 100
Barium—133 (Ba 133) 10 Cesium—134 {Cs 134) 1
Barium—140 (Ba 140) 10 Cesium~135 (Cs 135) 10
Bismuth-210 (Bi 210) 1 Cesium—136 (Cs 136) 10
Bromine—82 (Br 82) 10 Cesium—137 {Cs 137) 10
Cadmium—I108 (Cd 109) 10 Chlorine-36 (C! 36) 10
Cadmium-115m {Cd 115m) 10 Chlorine—38 (Cl1 38) 10
Cadmium—115 {Cd 115) 100 Chromium-51 (Cr 51) 1,000
Calcium—45 (Ca 45) 10 Cobalt—57 (Co 57) 100
S$S-7039 (July 2010) RDA 1693
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Radioactive Micro—
Material curies
Cobalt—58m (Co 58m) 10
Cobalt-58 (Co 58) 10
Cobalt—60 (Co 60} 1
Copper—64 (Cu 64) 100
Dysprosium—165 (Dy 165) 10
Dysprosium—166 (Dy 166) 100
Erbium—169 {(Er 169) 100
Erbium-171 (Er 171) 100
Europium—152 (Eu 152)8.2 h 100
Europium=152 (Eu 152)13 yr 1
Europium—154 (Eu 154) 1
Europium—155 (Eu 155) 10
Fluorine—18 (F 18) 1,000
Gadolinium—153 (Gd 153) 10
Gadolinium—159 (Gd 168) 100
Gallium—-87 {Ga 67) 100
Gallium—72 (Ga 72) 10
Germanium-68 (Ge 68) 10
Germanium-71 (Ge 71) 100
Gold—195 (Au 195) 10
Gold—198 (Au 188) 100
Gold—199 {Au 199) 100
Hafnium—181 (Mf 181) 10
Holmium—166 {Ho 166) 100
Hydrogen—3 {H 3) 1,000
Indium—111 {in 111} 100
Indium—113m {In 113m) 100
indium=114m {In 114m) 10
Indium—115m {In 115m) 100
Indium—115 (In 115) 10
lodine—123 (1 123) 100
lodine—125 (1 125) 1
lodine—126 (1 126) 1
lodine—129 (| 129) 0.1
lodine—131 (1 131) 1
lodine—132 (I 132) 10
lodine—133 (1 133) 1
lodine—134 (] 134) 10
iodine—135 (I 135) 10
Iridium—192 {Ir 192) 10
Iridium=194 (Ir 194) 100
Iron—52 (Fe 52) 10
lron-55 {Fe 55) 100
Iron—-59 (Fe 59) 10
Krypton—85 (Kr 85) 100
Krypton—87 (Kr 87) 10
Lanthanum-—140 {La 140) 10
Lutetium—177 (Lu 177) 160
Manganese-52 (Mn 52) 10
Manganese—54 {(Mn 54) 10
Manganese—56 {Mn 56) 10
Mercury=197m (Hg 187m) 100

§5-7039 (July 2010)

Radicactive Micro—
Material curies
Mercury—197 (Hg 187) 100
Mercury—203 (Hg 203) 10
Molybdenum—99 (Mo 99) 100
Neodymium--147(Nd 147) 100
Neodymium—149 (Nd 149) 100
Nickel-59 (Ni 59) 100
Nickel-63 {Ni 63) 10
Nickel-65 (Ni 65) 100
Niobium—93m (Nb 93m) 10
Niobium—95 (Nb 95) 10
Nichium-97 {(Nb 97) 10
Osmium—185 (Os 185) 10
Osmium=191m (Os 181m) 100
Osmium=191 (Os 191) 100
Osmium—193 (Os 193) 100
Palladium—103 (Pd 103) 100
Palladium—108 (Pd 109) 100
Phosphorus—32 (P 32) 10
Platinum—191 (Pt 191) 100
Platinum—193m (Pt 193m) 100
Platinum-193 (Pt 193) 100
Platinum—197m (Pt 197m) 100
Platinum—197 (Pt 197) 160
Polonium-210 (Po 210) 01
Potassium—42 (K 42) 10
Potassium—43 (K 43) 10
Praseodymium—142 (Pr 142) 106
Praseodymium—i43 (Pr 143) 100
Promethium—147 (Pm 147) 10
Promethium=149 (Pm 149) 10
Rhenium—186 (Re 186) 100
Rhenium—188 (Re 188) 100
Rhodium—=103m {Rh 103m) 100
Rhodium—105 (Rh 105) 100
Rubidium—81 {Rb 81) 10
Rubidium--86 (Rb 86) 10
Rubidium—87 (Rb 87) 10
Ruthenium-87 (Ru 97) 100
Ruthenium—103 {Ru 103) 10
Ruthenium—165 (Ru 105) 10
Ruthenium-106 (Ru 106) 1
Samarium-151 (Sm 151) 10
Samarium—-153 (Sm 153) 100
Scandium—46 (5¢ 46) 10
Scandium—47 (Sc 47) 100
Scandium-48 (Sc 48) 10
Selenium-—75 (Se 75) 10
Silicon—31 (8i 31) 100
Silver—105 (Ag 105) 10
Silver—110m (Ag 110m) 1
Silver—111 (Ag 111) 100
Sodium—22 (Na 22) 10
RDA 1693
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Radioactive Micro—
Material curies

Sodium—24 (Na 24) 10
Strontium—85 (Sr 85) 10
Strontium--89 (Sr 89) 1

Strontium—90 {Sr 90) 0.1

Strontium—91 {Sr 91) 10

Strontium—92 (Sr 92) 10
Sulfur—35 (8 35) 100

Tantalum—182 (Ta 182) 10
Technetium—96 (Tc 96) 10

Technetium—97m {Tc 97m) 100
Technetium—-97 (Tc¢ 97) 100
Technetium—99m {T¢ 99m) 100
Technetiurm—89 (Tc 99) 10
Tellurium—125m (Te 125m) 10
Tellurium—127m (Te 127m) 10
Tellurium—127 (Te 127) 100

Tellurium=~129m (Te 129m) 10
Telurium—129 (Te 129) 100

Tellurium—131m (Te 131m) 10
Telurium—-132 (Te 132) 10
Terbium—160 (Th 160) 10
Thallium=200 {T1 200) 100
Thallium-201 (T1201) 100
Thallium—202 {T1 202) 100
Thatium—=204 {T1 204) 10
Thulium—170 {Tm 170) 10
Thulium-=171 {Tm 171) 10
Tin—113 (Sn 113) 10

$S-7039 (July 2010)
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Radioactive Micro—
Material curies
Tin—125 {Sn 125) 10
Tungsten—181 (W 181) 10
Tungsten—185 (W 185) 10
Tungsten—187 (W 187) 100
Vanadium—48 (V 48) 10
Xenon-131m (Xe 131m) 1,000
Xenon—133 {Xe 133) 100
Xenon—-135 (Xe 135) 100
Ytterbium—175 {Yb 175) 100
Yitrium—87 (Y 87) 10
Yttrium—88 (Y 88) 10
Yitrium—80 (Y 90) 10
Yitrium=-81 {Y 91) 10
Yitrium—52 (Y 92) 100
Yitrium=93 (Y 93) 100
Zinc—65 (Zn 65) 10
Zinc—89m {Zn 69m) 100
Zinc—69 (Zn 69) 1,000
Zirconium—93 {Zr 93) 10
Zirconium-95 (Zr 95) 10
Zirconium-87 (Zr 97) 10
Any radicactive material not
listed above other than alpha-
emitting radioactive material 0.1
Any alpha emitting radicactive
material not listed above other
than transuranic radioactive
material 0.01
RDA 1693
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SCHEDULE RHS 8-4: EXEMPT CONCENTRATIONS

\ Column | Column I
Element (atomic Isotope Gas and Solid
number) Concentration Concentration

uCiimt uCifmi ®
Antimony (51) Sb-122 3x 107"
Sh—124 2x 107
Sb-125 1x107°

Argon {18} Ar-37 1x 107

Ar—41 4x107
Arsenic (33) As-73 5x107°
As-74 5x10™
As—-76 2x 107
As-77 8x10™*
Barium (56) Ba-131 2x 107
Ba-140 3x107
Beryllium (4) Be—7 2x 107
Bismuth (83) Bi—206 4x107
Bromine (35) Br —82 4x 107 3Ix107
Cadmium (48) Cd-109 2x 107
Cd-115m 3x10™
- Cd-115 3x10™
Caleium (20) Ca—45 9x107°
Ca-47 ‘ 5x 107
Carbon (6) C-14 1x 107 8x 107
Cerium (58) Ce—141 gx10™
Ce-143 4x107*
Ce—144 1x 107
Cesium (55) Cs—131 2x 1072
Cs-134m 6x 107
Cs—134 9x 107
Chiorine (17) Ci-38 9x 10~ 4x107°
Chromium (24) Cr-51 2x 107
Cobalt (27) Co-57 5x107°
Co-58 1 x 107
Co-60 5x 107
Copper (29) Cu-64 3x107°
Dysprosium (66) Dy-165 4x107°
Dy—166 4x107
Erbium (68) Er—169 9x 107
Er—171 1x107°
Europium (83) Eu—152 6x 107"
(Tr=19.2h) .
Eu-155 2x107°
Fluorine(9) F-18 2x 107 8x 107"
Gadolinium (64} Gd-153 2x 107
Gd-159 8x10™
Gallium (31) Ga-72 4x 107
Germanium (32) Ge-71 2x107
Gold (79) Au—196 2x107
Au-198 5x 107
Au-199 2x107°
Hafnium (72) Hf-181 7x10™
Hydrogen (1) H-3 5x107° 3x107°
indium (49) fin—113m 1x 107
In—114m 2x10™
lodine (53) -126 3x107 2x107°
I-131 3x107° 2x107°
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Column | Column I
Element (atomic Gas and Solid
number) Isotope Concentration Concentration
uCiimi ® uCifmi ®
-132 8x 107 6x 10~
|-133 1x107° 7x107
1-134 2x10™ 1x 107
Iridium (77) lr—190 2x107°
Ir-192 4x10™
Ir—194 3x 107
Iron (26) Fe-55 8x107°
Fe-59 ) 6x 107
Krypton {36) Kr—85m 1x107°
Kr—85 3x10°
Lanthanum (57) La—140 2x 107
Lead (82) Pb—203 4x107°
Lutetium (71) Lu—177 1% 107
Manganese (25) Mn-52 3x10™
Mn~54 1%x107
Mn-56 1x107°
Mercury (80) Hg—197m 2x107°
Hg—197 3x 107
Hg—203 2x10™
Molybdenum (42) Mo-99 2x107°
Neodymium (60) Nd—147 6x 107
Nd—149 3x107
Nickel (28) Ni~65 1x 107
Niobium (41) Nb-95 1x107°
Nb-97 9x 107
Osmium (76) Os—185 7x10™
Os~191m 3x 107
Os—191 2x107°
Os—193 6x 107
Palladium (46) Pd—103 3x10™
Pd—109 9x10™
Phosphorus (15) P-32 2x10™
Platinum (78) Pt~191 1x107°
Pt—193m 1% 107
Pt—197m 1x 107
Pt197 1x107°
Polonium (84) Po-210 7x107°
Potassium (19} K-42 3x107
Praseodymium (59)  Pr—142 3x10™
Pr-143 5x 10
Promethium (61} Pm—147 2x107°
Pm—149 4x10™
Radium (88) Ra~226 1x 1077
Ra-228 3x107
Rhenium (75) Re-183 6x107
Re-186 9x10™
Re-188 6x10™
Rhodium (45) Rh-103m 1x 107
Rh—105 1x107°
Rubidium (37) Rb-86 7x10™
Ruthenium (44) Ru-97 4x107°
Ru-103 8x10™
Ru-105 1x10°
Ru—106 1x 10
Samarium (62) Sm-153 8x10™
Scandium (21) Sc—46 4x10™
Sc-47 9x10™
$S-7039 (July 2010) 6
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Column i Column ||
Element (atomic Isotope Gas and Solid
number) Concentration Concentration
uCiiml uCifmi ®
\ Sc—48 3x 107
Selenium (34) Se-75 3x10°
Silicon (14) Si-31 9x107°
Silver (47) Ag-105 1x107°
Ag—110m 3x10™
Ag-111 4x10™
Sodium (11) Na-—24 2x107°
Strontium (38) Sr-85 1x 107
Sr-89 1x107
Sr-91 7x107
Sr—92 7x 107
Sulfur {16} S-35 9x 10 8x10™"
Tantalum (73) Ta-182 4x 107"
Technetium (43) Tc-96m 1x107"
Tc-96 1x107°
Tellurium (52) Te—125m 2x107°
Te-127m 6x107
Te-127 3x10™
Te-129m 3x10™
Te-131m 6x10™
Te-132 3x10™
Terbium (65) Th—160 4x10™
Thallium (81) TI-200 4x107°
T-201 3x107°
TI-202 1x 107
T-204 1x107°
Thulium (69) Tm-170 5x 107
Tm—171 5x10°
Tin (50) Sn-113 9x10™
Sn-125 2x 107
Tungsten (74} W-181 4x107°
W-187 7 x107°
Vanadium (23) V48 ‘ 3x 107
Xenon (54) Xe—131m 4x107°
Xe-133 3x107°
Xe-135 1x107°
Ytterbium (70} Yb-175 1x107
Yttrium (39) Y-90 2x 107
Y-91m 3x107°
Y-91 3x10™
Y-92 6x10™
Y-93 3xtg™
Zinc (30) Zn-65 1x 107
Zn-69m 7x107°
Zn-69 2x107
Zirconium (40) Zr-95 6x10™
Zr-97 2x10™
Beta and/or gamma 1 x 107" 1 x 107

emifting radioactive
material not listed
above with half-life
less than 3 years.

# Values are given in Column I only for those materials normally used as gases.
" 1Cilgm for solids.

NOTE 1: Many radioisotopes disintegrate into isotopes that are also radicactive. in expressing the
concentrations in Schedule RHS 8-4 the activity stated is that of the parent isotope and takes into
account the daughters.
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NOTE 2: For purposes of 4200-2-10-04 Rule $400-20-10-.04 where there is involved a combination of
isotopes, the limit for the combination should be derived as follows: Determine for each isotope in the
product the ratio between the concentration present in the product and the exempt concentration
established in Schedule RHS 8—4 for the specific isotope when not in combination. The sum of such
ratios may not exceed “1” (i.e., unity).

EXAMPLE:

Concentration of isctope A in Product Concentration of Isctope B in Product
+ <1
Exempt concentration of Isotope A Exempt concentration of Isotope B

SCHEDULE RHS 8-5: GENERAL LICENSING OF CERTAIN NAMED DEVICES

The following devices and equipment incorporating radicactive material, when manufactured, tested, and labeled
by the manufacturer in accordance with the specification contained in a specific license or equivalent licensing
document issued by the Division, the U.S. Nuclear Regulatory Commission or.any Agreement State are placed

under a general license pursuant o 420823810 paragraph (1) of Rule 0400-20-10-.10;

{t) Static elimination device. Devices designed for use as static eliminators that contain, as a sealed source
or sources, radioactive material consisting of a total of not more than 500 microcuries of polonium 210 per
device.

(2) lon generating tube. Devices designed for ionization of air that contain, as a sealed source or sources,

radioactive material consisting of a total of not more than 60 millicuries of hydrogen 3 (tritium) per device.

SCHEDULE 10-6: DETERMINATION OF A; AND A,

1 Values of A, and A; for individual radionuclides, which are the bases for many activity limits elsewhere in
these regulations, are given in Table A-1. The curie (Ci) values specified are obtained by converting from
the terabecquerel (TBqg) figure. The curie values are expressed {o three significant figures to assure that
the difference in the TBq and Ci quantities is H40-ofonepercent 0.1 % percentor less. Where values of
Ay or A; are unlimited, it is for radiation control purposes only. For nuclear criticality safety, some
materials are subject to controls placed on fissile material.

(2) (a) For individual radionuclides whose identities are known but that are not listed in Table A-1, the A,
and A; values contained in Table A-3 may be used. Otherwise, the licensee shall obtain prior
Division approval of the A; and A; values for radionuclides not listed in Table A-1, before shipping
the material.

(b) For individual radionuclides whose identities are known, but which are not listed in Table A-2, the
exempt material activity concentration and exempt consignment activity values contained in Table
A-3 may be used. Otherwise, the licensee shall obtain prior Division approval of the exempt
material activity concentration and exempt consignment activity values for radicnuclides not listed
in Table A-2, before shipping the material.

{c) The licensee shall submit requests for prior approval, described under subparagraphs {2¥a) and
(2)(b) of this Rude schedule, to the Division, in accordance with 1200-02-04-07 Rule 0400-20-04-
07
{3) in the calculations of Ay and A, for a radionuclide not in Table A-1, a single radioactive decay chain, in

which radionuclides are present in their naturally occurring proportions, and in which no daughter nuclide
has a half-life either longer than tea 10 days or longer than that of the parent nuclide, shall be considered
as a single radionuclide. The activity to be taken into account, and the A, or A, value to be applied, shall
be those corresponding to the parent nuclide of that chain. In the case of radioactive decay chains in
which any daughter nuclide has a half-life either longer than ien 10 days or greater than that of the parent
nuclide, the parent and those daughter nuclides shall be considered as mixtures of different nuclides.
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(4) For mixtures of radionuclides whose identities and respective activities are known, the following
conditions apply:

(a) For special form radioactive material, the maximum quantity transported in a Type A package:
ZI E—f(?)— less than or equal to 1
where B(i) is the activity of radionuclide |, and A.{i) is the A, value for radionuclide |.
{b) For normal form radioactive material, the maximum quantity transported in a Type A package:
z _ B@®
| el less than or equal to 1
where B(i) is the acfivity of radionuclide 1, and Ax(i) is the Az value for radionuclide |
{c) Alternatively, an Aq value for mixtures of special form material may be determined as follows:
1
As for mixture = ————
% f(i)
; Aq(i)
Where f{i) is the fraction of activity of nuclide | in the mixture and A,(i} is the appropriate A, value
for nuclide 1.
(d) An A, value for mixtures of normal form material may be determined as follows:
1
A, for mixture = —————
r @
I Aqi)
Where (i) is the fraction of activity of nuclide | in the mixture and A,(i) is the appropriate A, value
for nuclide L.
(e} The exempt activity concentration for mixtures of nuclides may be determined as follows:
Exempt activity 1
concentration for : -
mixture = X ()
l [Al(1)
where (i) is the fraction of activity concentration of radionuclide { in the mixture, and {A] is the
activity concentration for exempt material containing radionuclide |,
{f) The activity limit for an exempt consignment for mixtures of radicnuclides may be determined as
follows:
Exempt consignment 1
activity limit for :
mixture = X~ f(i)
I A{i)
where (i) is the fraction of activity of radionuclide | in the mixture, and A is the activity limit for
exempt consighments for radionuclide I.
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(5) When the identity of each radionuclide is known, but the individual activities of some of the radionuclides
are not known, the radionuclides may be grouped. The lowest A, or A; value, as appropriate, for the
radionuclides in each group may be used in applying the formulas in paragraph (4) of this scheduie
Groups may be based on the total alpha activity and the total beta/gamma activity when these are known,

. using the lowest A; or A, values for the alpha emitters and beta/gamma emitters.

Table A-1—A, and A; VALUES FOR RADIONUCLIDES

acionucids | number | A (T8 N R Specil actvly |
, 4/g) Ciig) |

Ac-225 (g}  Actinium (89) B.0X10° 2.2X10" 6.0X10° 1.8X107 2.1x10° 5.8%10*

Ac-227 (&) g.0x10" 2.4X10' 9.0x10° 2.4%10° 2.7 7.2X10°

Ac-228 6.0X10" 1.6X10 5,0X10" 1.4X10' 8.4x10* 2.2x10°

Ag-105 Silver (47) 2.0 5.4X10" 2.0 5.4X10' 1.1X10° 3.0X1¢°
Ag-108m (a) 7.0X10" 1.9X10" 7.0X10° 1.9X10" 9,7%10" 2.6X10
Ag-110m (a) 4.0¢107 1,1X10° 4.0X10" 1.1X10" 1.8X10° 4.7X10°

Ag-111 2.0 5.4X10" 6.0X107 1.6X10’ 5.8X10° 1.6X10°

Al-26 Aluminum {13) 1.0%X10™ 2.7 1.0¢X10° . |27 7.0%10°* 1.9X10%
Am-241 Americium (95) 1.0X10’ 2.7X10° 1.0X10* 2.7X102 1.3%19" 34

Am-242m (a) 1.0x10° 2.7X10 1.0%10° 2.7X107 3.6x10" 1.0X10"
Am-243 (a) 5.0 1.4X10° 1.0%10° 2.7%10? 7.4X10° 2.0x10" |
Ar-37 Argon (18) 4.0%10" 1.1X10° 4.0%10" 1.1X10° 3.7X10° g.ex10 }
Ar-39 4.0%10" 1.1X1¢0° 2.0%10 5.4X10° 1.3 3.4X10° g
|Ar-41 3.0X10" 8.1 3.0X10" 8.1 1.5X10° 4.2x10"
,As—72 Arsenic (33) 3.0%10" 8.1 3.0x10" 8.1 6.2x10" 1.7X10°

As-73 4.0X10" 1.A%10° 4.0X10’ 1.AX10° 8.2X10° 2.2X10*

As-74 1.0 2.7%10" 9.0X10" 2.4X10" 3.7X10° 9.9x10*

As-76 3.0X10" 8.1 3.0x10" 8.1 5.8%X10* 1.6X10°

As-77 2.0X10° 5.4X10° 7.0X107 1.9X10° 3.9x10* 1.0X40°

At-211 (a)  |Astatine (85) 2.0X10" 5.4X10° 5.0X10" 1.4X10" 7.6X10° 2.1X10°

Au-193 Gold (79) 7.0 1.9x10* 2.0 5.4x10t 3.4X10° 9.2X10° {
Au-194 1.0 7 2,710 1.0 2.7X10! 1.5X10" 4.1X10° T
Au-195 1.0%10 2.7X10° 6.0 1.6%107 1.4X1¢07 3.7X10° ]
Au-198 1.0 2.7X10' 6.0X10" 1.6X10" 9.0x10° 2.4X10°

Au-199 1.0X10" 2,7%10° 6.0X10" 1.6X10' 7.7%10° 2.1%10°
'Ba-131(2) | Barium (56) 2.0 5.4X10" 2.0 5.4X10" 3.1X10° 8.4x10°

Ba-133 3.0 8.1X10" 3.0 8.1x190" 9.4 2.8X106°
Ba-133m 2.0X10' 5.4X10° 6.0X10™ 1.6X10 2.2%10°* 6.1X10°

Ba-140 (a) 5.0X10™ 1.4X10" 3.0%10" 8.1 2.7%10° 7.3X10°

Be-7 Beryllium (4) 2.0X10 5.4X10° 2.0x10° 5.4X10° 1.3%10* 3.5X10°

Be-10 4.0X10° 1.1%10° 6.0X10™ 1.6X10 8.3x10* 2.2X107

Bi-205 Bismuth (83) 7.0%107 1,9X10 7.0X107 1.9X10' 1.5X10° 4.2%10*

Bi-206 3.0x10" 8.1 3.0X10™ 8.1 3.8X10° 1.0X10°

Bi-207 7.0%10" 1.9X10" 7.0x1¢0" 1.9X10 1.9 5.2X10°
{Bi-210 1.0 2.7X10' 6.0X10" 1.6X10' 4.6X10° 1.2X10°
-Bi~21 Om (a) 6.0%X10"7 1.6X10" 2.0%X102 5.4X107 2.1x10° 5.7X10*

Bi-212 {a) : 7.0%107 1.9X10" 6.0X10™ 1.6X10" 5.4%10° 1.6X107
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Bk-247 Berkelium (97) 8.0 2.2%10° 8.0X10" 2.2X107 3.8X10° 1.0

Bk-249 (a) 4.0X10 1.1X10° 3.0x10" 8.1 8.1X10' 1.6X10°

Br-76 Bromine (35) 4.0%10™ 1.1%10" 4.0%10" 1.1X10" 9.4X10° 2.5X10°

Br-77 3.0 8.1X1¢" 3.0 8.1X10" 2.8x10* 7.1X10°
|Br-82 4.0X107 1.1X10" 4.0X10° 1.1X10 4.0X10* 11108
fc-11 Carbon (6) 1.0 2.7X10° 6.0X10" 1.6X10" 3.1x10°7 8.4X10°

C-14 4,010 1.1%10° 3.0 8.1X10" 1.6X107 45

Ca-41 Calgium (20} Unlimited Unlimited Unlimited Unfimited  |3.1X10° 8.5X10°

Ca-45 4.0%10" 1.1X10° 1.0 2.7X10' 8.6X10° 1.8%10*

Ca-47 (3) 3.0 8.1X10 3.0x107 8.1 2.3x10* 8.1x10°
§ca-109 Cadmium (48) 3.0%10 8.1X107 2.0 5.4X10° 9.6X10 2.6X10°
“‘ Cd-113m 4.0X10° 1.4%10° 5.0x10” 1.4X10 8.3 2.2X10°

Cd-115 (a) 3.0 8.1xX10" 4.0X10" 1.1X10' 1.9%10* 5.4X10°

Cd-115m 5.0%X107 1.4X10 5.0x10™" 1.4%10° 9.4%10° 2 5X10*
|Ce-139 Cerium (58) 7.0 1.9X10% 20 5.4X10' 2.5%1¢? 6.8X10°
[Ce-141 2.0X10" 5.4X10? 6.0X10" 1.6X10' 1.4x1¢° 2.8x10*

Ce-143 9.0x10”° 2.4%10" 6.0%10" 1.6%X10" 2.5x10* 8.6X10° 1

Ce-144 (a) 2.0X107 54 2.0X10" 5.4 1.2X10° 3.2X10°

Cf-248 Californium (98) 4.0X10" 1.1X10° 8.0X10° 1.6X107 5.8X10" 1.6X10°

Cf-249 3.0 8.1X10" 8.0x10* 2.2X107 1.5X10" 4.1 \

Cf-250 2.0X10 5.4X107 2.0x10° 5.4Xt0* 4.0 1.1X10°

Cf-251 7.0 1.9X10° 7.0%10* 1.9X10% 5.0%X107% 16

Cf-252 (hy 5.0X10° 1.4 3.0X10° 8.1X10* 2.0X10' 5.4X10°

Cf-253 (a) 4,010 1.1%10° 4,0X10% 1.1 1.1X10° 2.9X10°

Cf-254 1.0%10° 2.7%10% 1.0X10° 2,7%10% 3.1X10% 8.5X10°

Cl-36 Chlorine (17) 1.0X10" 2.7X10° 8.0x10" 1.6X10" 1.2X10° 3.3X107

Cl-38 2.0x10" 54 2.0x10" 5.4 4.9%X10° 1.3%10°

Cm-240 Curium (96} 4.0X10" 1.1X10° 2.0X10 54X10" 7.5X10° 2.0X10°

Crn-241 2.0 5.4X10 1.0 2.7X10 8.1X107 1.7X10°
1Cm-242 4.0X10" 1.1X10° 1.0X102 2.7X10" 1.2X10° 3.3X10°
Cm-243 9.0 2.4X10° 1.0x10° 2.7X16% 1.9X10% 5.2X10°
:Cm-244 2.0X10 5.4X16° 2.0X10° 5.4X107% 3.0 8.1x10°

Cm-245 9.0 2.4X10° 9.0%x10™ 2.4X10° 6.4X10° 1.7X107

Cm-246 9.0 2.4X107 9.0X10™ 2.4X10% 1.1X10% 3.1X107

Cm-247 (a) 3.0 8.1X10" 1.0X10° 2.7X1¢% 3.4X10° 9.3%10°

Cm-248 2.0X10° 5.4X10™ 3.0x10° 8.1%10° 1.6X10* 4,2X10°

Co-55 Cobalt (27) 5.0%X10"7 1.4X10" 5.0X10" 1.4X10" 1.1X10° 3.9%10°

Co-56 3.0%107 81 3.0X107 8.1 1.4X10° 3.0x10*

Co-57 1.0%10 2.7X10° 1.0X10" 2.7X10° 3.1X10° 8.4X10°

Co-58 1.0 2.7X10" 10 2.7X10" 1.2x10° 3.2x10% \

Co-58m 4.0X10' 1.1X10° 4.0X10 1.1X10° 2.2X10° 5.9%X10° ‘
? Co-60 4.0%10" 1.1X10" 4.0x10" 1.1X10" 4.2%10" 1.1%10° [
iCr-51 Chromium (24) 3,0X10 8.1X10° 3.0X10" 8.1X10° 3.4X10° 9.2X10* j
j Cs-129 Ceslum (55) 4.0 1.AX10 4.0 1.9%10° 2.8%10° 7.6X10° '
{Cs-131 3.0X10" 8.1X10° 3.0X10' 8.1X10? 3.8X10° 1.0X10°
|Cs-132 1.0 2.7X10' 1.0 2.7X10' 5.7X10° 1.5X10°
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Cs-134 7.0x10" 1.9X10" 7.0X10™ 1.9X10" 4.8X10" 1.3X16°

Cs-134m 4.0X10" 1.1X10° 6.0X10" 1.6X10" 3.0X10° 8.0%10°

Cs-135 4,0X10" 1.1X10° 1.0 2.7X10° 4.3%10° 1.2X10°

Cs-138, 5.0X10" 1.4X10' 5.0%10" 1.4X10° 2.7X10° 7.3X10°

Cs-137 (a) 2.0 54X10" - 6.0X10" 1.6X10" 32 8.7X10"

Cu-64 Copper (29) 6.0 1.6X10° 1.0 2.7X10" 1.4X10° 3.9X10°

Cu-67 1.0X10" 2.7X10°7 7.0x10™ 1.9X10° 2.8X10* 7.6%10° y

Dy-159 Dysprosium (66) 2.0X10° 5.4X10° 2.0X10' 5.4X10? 2. 4X10° 5.7X10° ]
' Dy-165 9.0X10" 2.4X10" 6.0X10" 1.6X10" 3.0X10° 8.2X10° [
Dy-166 (2) 9.0X10" 2.4%10' 3.0X10” 8.1 8.6X10° 2.3X10° |
[Er-169 Erbium (68) 4.0X10* 1.1X10° 1.0 2.7X10" 3.1X10° 8.3X10° [

Er-171 8.0X10" 2.2x1¢ 5.0X10" 1.4X10' 9.0x10* 2.4X10°

Eu-147 Europium (63) 2.0 5.4X10 2.0 5.4X10' 1.4X10° 3.7x10*

Eu-148 5.0%10" 1.4X10 5.0X107 1.4X10" 8.0X10? 1.6X10*

Eu-149 2.0X10 6.4%10° 2.0X10° 5.4X10° 3.5X10° 9.4x10°

'(ES‘;“: ;:’?ive " 2.0 5.4%10" 7.0X10" 19X10"  (6.1X10* 1.6X10°

5‘:16;;)50 (long 7.0X10" 1.9%10' 7.0X10" 1ex10'  |6.1x10" 1.6X16°

Eu-152 1.0 2.7X10' 1.0 2.7X10" 6.5 1.8X10?

Eu-152m 8.0%10" 2.2x10' 8.0x1¢" 2.2X10° s.2x10* 2.2X10°

Eu-154 9.0X10™ 2.4X40" 8.0X10™ 1.6X10" 9.8 2.6X10°

Eu-155 2.0X10 5.4X10° 3.0 8.1x10’ 1.8X10 4,9X10°?

Eu-156 7.0x10" 1.9X10° 7.0X107 1.9X10° 2.0X10° 5.5%10*

F-18 Fluorine (9) 1.0 2.7X10" 8.0X10" 1.8%10" 3.5X10° 9.5%10"

Fe-52 (a) Iron (26} 3.0%X107 8.1 3.0X10"7 8.1 2.7X10° 7.3%10°

Fe-55 4.0X10" 11X10° 4.0X10' 1.1%10° 8.8%10" 2.4X10°

Fe-59 9.0x10" 2.4X10" 9.0X10™" 2.4%X10" 1.8X10° 5.0X10°

Fe-60 (a) 4.0X10' 1.1X10° 2.0X10” 5.4 7.4X10" 2.0X10%

Ga-67 Gallium (31) 7.0 1.9X107 3.0 8.1%10' 2.2X10* 6.0X10°

Ga-68 5.0X107 1.4X10 5.0%107 1.4X10" 1.5%10° 4.4X10°

Ga-72 4.0%107 1.1%10" 4.0%107 1.1X10" 1.1X10° 3.4x10°
A Gd-146 {a) | Gadolinium (54) 5.0%10" 1.4X10 5.0%107 1.4X10" 6.9X10° 1.9x10*

Gd-148 2.0X10 5.4X10° 2.0x10° 5.4X10 1.2 3.2x10"

Gd-163 1.0X10" 2 7X10° 9.0 24X10° | 1.3X10° 3.5X10° ]l

Gd-159 3.0 8.1X10" 6.0X10" 1.6X10' 3.9x10° 1.1X10° [

Ge-68 (a) Germanium (32) 5.0X10" 1.4X10 5.0X10" 1.4X10" 2.6X10° 7.1X10°

Ge-T1 4.0X10" 1.1X10° 4.0%10" 1.4X10° 5.8%10° 1.6X10°

Ge-77 3.0¢10™ 8.1 3.0x10™7 8.1 1.3X10° 3.6%10°

Hf-172 (a) Hafnium (72) 6.0x10" 1.6%10 8.0x10" 1.6X10" 4.1X10' 1.4X10°
THE-175 3.0 8.1X10 3.0 8.1%19" 3.9%10° 1.1X10*

| Hf-181 2.0 5.4%10" 5.0X10" 1.4X10" 6.3X10% 1.7X10*

Hf-182 Unlimited Unlimited Unlimited Unlimited 8.1x10° 2.2x10*
Hg-194 (a} | Mercury (80} 1.0 2.7X10' 1.0 2.7X10' 1.3X107 3.5

Hg-195m (a) 3.0 8.1x10° 7.0X107" 1.9X10° 1.6X%0° 4.0X10°

Hg-197 2.0x10" 5.4X10° 1.0X10" 2.7X10° 9.2X10° 2.5X10°
|Hg-197m 1.0X10’ 2.7X10° 4.0x1¢" 1.1X10" 2.5X10° 6.7X10°
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Hg-203 5.0 1.4X10° 1.0 2.7%1¢" 5A%10° 1.4x10* |
Ho-166 Holmium (67) 4.0X10" 1.1X10" 4.0X10" 1.1X19 2.6X10* 7.0X10° J
Ho-166m 8.0X10" 1.6X10" 5.0X10" 1.4X10 6.6X10? 1.8 g
I-123 lodine (53) 6.0 1.6X10° 3.0 8.1%10 7.1%10 1.9%10°
I-124 1.0 2.7X10 1.0 2.7X10" 9.3X10° 2.5%10°
I-125 2.0X10" 5.4%10° 3.0 8.1x10' 6.4X10° 1.7%10*
111126 2.0 5.4X10' 1.0 2.7X10' 2.9X10° 8.0X10*
I-129 Unlimited Unlimited Unlimited Unlimited  [6.5%10° 1.8X10"
-131 3.0 8.1X10' 7.0X10" 1.9x10' 4.6%10° 1.2X10°
1-132 4.0X107 1.1X10 4.0x10" 1.1X10 3.8%X10° 1.0X10°
1433 7.0X10" 1.9X10' 6.0X10™ 1.6X10" 4.2X10" 1.1X10°
134 3.0X10" 8.1 3.0X10° 8.1 9.9X10° 2.7X10°
1-135 (@) 5.0%10" 1.6X10 6.0x10™ 1.6X10 1.3x10° 3.5X10°
in-111 Indium (49) 3.0 8.1x1¢0" 3.0 8.1x10 1.5X10° 4.2X10°
In-113m 4.0 1.1X10° 20 5.4X10 8.2X10° 1.7%107
in-114m (@) 1.0X10' 2.7X10% 5.0%107 1.4X10 8.6X10° 2.3x1¢*
In-115m 7.0 1.9X10% 1.0 2.7X10 2.2X10° 6.1X10°
Ir-180 (a) iridium (77) 1.0X10° 2.7X10% 1.0X10 2.7X10° 1.9X10° 5.2x10° |
r-190 7.0X10" 1.9X10° 7.0X107 1.9X10" 2.3X10° 6.2X10*
Ir-192 () 1.0 2.7%1¢" 6.0x10" 1.6X10" 3.4X10° 9.2X10°
ir-194 3.0x10" 8.1 3.0X107 8.1 3.1X10° 8.4X10° |
K-40 Potassium (19) 9.0X10" 2.4X10' 8.0x10" 2.4%1¢" 2.4X107 6.4x10° |
K-42 2.0x10" 5.4 2.0X10" 5.4 2.2%10° 6.0X10° !
K-43 7.0X10" 1.9x10 8.0X10™ 1.6X10 1.2X10° 3.3x10°
Kr-81 Krypton {36) 4.0X10 1.1X10° 4.0X10' 1.1%10° 7.8X10™ 2.1X107
Kr-85 1.0X10' 2.7X10° 1.0X10' 2.7X10% 1.5X10" 3.9X10°
Kr-85m 8.0 2.2X10? 3.0 8.1x10' 3.0%X10° 8.2X10°
Kr-87 2.0x10" 5.4 2.0X10" 5.4 1.0x10° 2.8X10
La-137 tanthanum (57) 3.0¢10" 8.1X10? 8.0 1.6X10° 1.6X10° 4.4X10°
La-140 4,0X107 1.1X10 4,0x10" 1.1x10' 2.1X10* 5.8X10°
Lu-172 Lutetium {71) £.0X107 1.6X10' 6.0X10™ 1.6X10' 4.2x10° 1.1X10°
Lu-173 8.0 2.2X10° 8.0 2.2X10° 5.6X10° 1.5X10°
Lu-174 8.0 2.4%10° 9.0 2.4X10° 2.3xX10° 8.2X10°
Lu-174m 2.0X10° 5.4X10% 1.0X10' 2.7X10° 2.0X16* 5.3X10°
Lu-177 3.0%10" 8.1X10° 7.0X107 1.9X10 4,1%10° 1.1%10°
Mg-28 (2) Magnesium {12) '3.0¢10" 8.1 3.0X107 8.1 2.0x10° 5.4X10°
{Mn-52 Manganese (25) 3.0X107 8.1 3.0X1 o’ 8.1 1.6X10 4.4%10° \
Mn-53 Unlimited Unlimited Unlimited Unlimited ~ |6.8X10° 1.8X10° |
Mn-54 1.0 2.7x10" 1.0 2.7X10" 2.8X10° 7.7X1G° {
Mn-56 3.0%107 8.1 3.0X10" 8.1 8.0X10° 2.2X107 *
Mo-93 Molybdenum (42) 4.0%10" 1.1X10° 2.0X10 5.4X10° 4,1X10% 114 '
Mo-99 (a) {i) 1.0 2,7X10" 6.0X10™ 1.6%10 1.8x10* 4.8x10°
| N-13 Nitrogen (7) 9.0x10" 2.4X10° 6.0X10" 1.8%10’ 5.4X107 1.5X10°
Na-22 Sodium {11) 5.0x10" 1.4X10" 5.0X10" 1.4X10" 2.3X10° 6.3%10"
Na-24 2.0%10" 5.4 2.0X10" 5.4 3.2x10° 8.7X%10°
ENb-QSm Niobium (41) 4.0X10 1.1X10° 3.0X14! 8.1X1¢? 88 2.4X10°
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| Nb-94 7.0X10" 1.9X10' 7.0X10" 1.9X10 6.9X10° 1.9X10"
| Nb-95 1.0 2.7X10' 1.0 2.7x10' 1.5X10° 3.ox10*
Nb-97 9.0%10™ 2.4X10 8.0X10” 1.6X10 9.9X10° 2.7X10° [
Nd-147. Neodymium (60) 8.0 1.6X10° 8.0X107 1.6X10" 3.0%10° 8.1X10" |
Nd-149 8.0X10" 1.6X10" 5.0%10™ 1.4X10" 4.5x1q*‘ 1.2X10° |
Ni-59 Nickei (28) Unlimited Undimited Unlimited Unlimited  |3.0X10 8.0X107 |
Ni-B3 4,0X1¢" 1.1X10° 3.0X10° 8.1X10? 2.1 5.7X10
Ni-65 4,0¢10™ 1.1X190" 4.0X10" 1.1X10" 7.1X10° 1.0X1¢7
Np-235 Neptunium {93) 4.0%10" 1.4X10° 4.010" 1.1X10° 5.2%10" 1.4X10°
gﬁfﬁve 0 2.0X10" 5.4X102 2.0 54%10'  |4.7X10" 1.3X10%
:fgréi?fe " 9.0X10° 2.4X10? 2.0X10% 54X10"  |4.7X10" 1.3%102
INp-237 2.0x10' 5.4X10° 2.0X10° 5.4X10%  |2.6X10° 7.1x10*
%er-239 7.0 1.9X10° 4.0%1¢" 1.1X1¢" 8.6X10° 2.3X10° g
Os-185 Osmium (76) 1.0 2.7X%10' 1.0 2.7X10° 2.8X10° 7.5X10° |
205-191 1.0X10' 2.7X10° 2.0 5.4%10" 1.6X10° 4 4X10* |
Os-181m 4.0%10' 1.4X10° 3.0x10" 8.1X10? 46X10° 1.3X10° %
Os-193 2.0 5.4X10" 6.0X107 1.6X10 2.0X10* 5.3X10° |
Jos-194 (@) 3.0X10° 8.1 3.0X107 |81 1.1x10' 3AX107 |
| p-32 Phosphorus (15) 5.0X10" 1.4X10" 5.0%107 1.4X10 1.1X10* 2.9%10°
p-33 4.0X10! 1.4%10° 10 2.7X10" 5.8X10° 1.6X10° g
Pa-230 (a) | Protactinium (91) 20 5.4X10 7.0X10% 1.9 1.2X10° 3.3%X10° ;
Pa-231 4.0 1.1%10? _ 4.0X10™ 1.1X107? 1.7%10% 4.7X10% [
Pa-233 5.0 1.4X10° 7.0X10™ 1.9X10 7.7%107 2.1X10*
Pb-201 Lead (82) 1.0 2.7X10' 1.0 2.7X10" 6.2x10* 1.7X10°
Ph-202 4.0x1¢ 1.1X16° 2.0x10! 5.4X10° 1.2X10™* 3.4x10°
Pb-203 4.0 1.1X10° 3.0 8.1X10" 1.4X10° 3.0%10°
Pb-205 Unlimited Unlimited Unlimited Unlimited 4.5X10° 1.2X10"
Pb-210 (2) 1.0 2.7X10 5.0X10 1.4 2.8 7.6%10"
Pb-212 (a) 7.0X10" 1.9X10" 2.0%107 5.4 5.1%10° 1.4X10°
Pd-103 (a) |Palladium (48) 4.0X10" 1.1%10° 4.0%10" 1.4X10° 2.8X10° 7.5X10°
Pd-107 Unlimited Unlimited Unlimited Unlimited  |1.9X10® 5.1X10°
Pd-109 2.0 5.4X10' 5.0X10™ 1.4X10" 7.9X10" 2.1x10°
iPm-143 Pramethium (61) 3.0 8.1x10' 3.0 8.1x10 1.3X10% 3.4X10°
1 Pm-144 7.0X10" 1.9X10° 7.0%1¢0" 1.9x10° 9.2X10" 2.5X10°
i Pm-145 3.0X10° 8.1X10% 1.0X10" 2.7X10° 5.2 1.4X10°7 |
?Pm-147 4.0X10 1.9X1¢° 2.0 5.4%10" 3.4x10° 9.3X10°
ipm-148m (@ 8.0x10" 2.2X10" 7.0X10" 1.9X10" 7.9X10° 2 1x10*
Pm-149 20 5.4X10" 6.0X10™ 1.6X10' 1.5%10* 4.0X10°
Pm-151 2.0 5.4X10" 6.0X10™ 1.6X10" 2.7X10* 7.3X10°
Po-210 Polontum {84) 4.0X10" 1.1%10* 2.0X107 5.4X10" 1.7X10° 4.6X10°
Pr-142 Praseodymium (58) |4.0X10” 1.1X10" 4.0X10" 1.1X10 4.3x10° 1.2X10°
Pr-143 3.0 8.1x10° 6.0X10" 1.6X10" 2.5X10° 6.7X10
Pt-188 (a) Platinum (78) 1.0 2.7X10" 8.0X10™ 2.2X1¢ 2.5X10° 6.8X10%
Pt-191 4.0 1.1X107 3.0 8.1X10" 8.7X10° 2.4X10° f
Pt-193 4.0X10 1.1X10° 4.0X10 1.1X10° 1.4 3.7x10 ;
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‘ Pt-193m 4.0X10' 1.1X10° 5.0X107 1.4X10' 5.8X10° 1.6X10°

E Pt-195m 1.0X10° 2,7X10° 5.0X10" 1.4X10" 5.2X10° 1.7X10°

‘EPM 97 2.0X10" 5.4X10 [6.0x10" 1.6X10' 3.2X10° 8.7X10°
Pt-197m 1.0%10" 2.7X10° 8.0X10" 1.6X10" 3.7X10° 1.0X10 i
Pu-236 Piutonium (94) 3.0%10" 8.1X10% 3.0X10° 8.1X407 2.0x10" 5.3X10°
Pu-237 2.0X10' 5.4X10° 2.0X10° 5.4X10° 4.8X10° 1.2x10°

Pu-238 1.0X10 2.7X10° 1.0X10° 2.7X10% 6.3X10" 1.7X10"

Pu-239 1.0X10 2.7X10° 1.0X10° 2.7X10%* 2.3%40 6.2X10%
Pu-240 1.0X10" 2.7X10? 1.0x10° 2.7X10% 8.4x10° 2.3%10°

Pu-241 (a) 4.0X10' 1.1x10°% 6.0X107 1.6 38 1.0X10°
Pu-242 1.0X10" 2.7X10° 1.0X10° 2.7X10% 1.5X10" 3.9x10*
Pu-244 (a) 4.0X40" 1.1X10" 1.0X10% 2.7%10% 6.7X107 1.8X10°
Ra-223{a) |Radium (88) £,0X10 1.1X10" 7.0X10° 1.8X10" 1.9X10° 51X10°
Ra-224 (a} 4.0%107 1.1X10 2.0X107 5.4X10" 59%10° 1.6X10°
iRa-225 (@) 2.0x10" 54 4.0%10° 1.1x10" 1.5%10° 3.9x10°
IRa-226 (a) 2.0x10" 54 3.0%10° 8.1X10* 3.7X10? 1.0

Ra-228 (a) 6.0X10 1.6X10° 2,0X10° 5.4X10" 1.0X10 2.7X10°

Rb-81 Rubidium (37) 20 5.4X10° 8.0X10™ 2.2x%1¢" 3.1X10° 8.4X10°

Rb-83 (a) 2.0 5.4%10" 2.0 5.4X10" 6.8X10% 1.8X10°

Rb-84 1.0 2.7X10° 1.0 2.7X1¢° 1.8X10° 4, 7x10*

‘ Rb-86 5.0X10" 1.4X10" 5.0X10" 1.4X10" 3.0¢10° 8.1X10°

'Rb-87 Unlimited Unlimited Unlimited | Unlimited  |3.2X10°  |8.6X10°

( Rb(nat) Unlimited Unlimited Unlimited Unlimited | 6.7X10° 1.8x10° ;
'Re-184 Rhenium (75) 1.0 2.7X10" 1.0 27x10'  |6.9x10° 1.9X10° ]
Re-184m 3.0 8.1x1¢" 1.0 2,719 1.6X10° 4.3%X10° |
Re-186 2.0 5.4X10" 6.0¢10" 1.6X10" 8.9X10° 1.9X10° l
Re-187 Unlimited Unlimited Unlimited Unlimited  |1.4X107% 3.8%10° !
Re-188 4.0X10" 1.1X10 4.0X10”7 1.1X10 3.6X10* 9.8X10° §
Re-189 (@) 30 8.1%10' 6.0X107 1.6X10" 2.5%10* 8.8X10° |
Re(nat) Unlimited Unlimited Unlimited Unlimited 0.0 2.4X10°

Rh-99 Rhodium (45) 2.0 5.4X10" 2.0 5.4%10" 3.0x10° 8.2x10*

Rh-101 40 1.1X10? 3.0 8.1X10" 4.1%10' 1.1X10°
Rh-102 5.0X10" 1.4X10' 5.0X10" 1.4%10" 4.5%10" 1.2X10°
Rh-102m 2.0 5.4x10' 20 5.4X10 2.3%10° 6.2X10°
Rh-103m 4.0x10" 1.1X10° 4.0X10 1.4X10° 1.2X10° 3.3x10°
Rh-105 1.0X10" 2.7X10° 8.0x10" 2.2X10 3.1x1¢0* 8.4X10°
‘Rn-222 (a)  |Radon {886) 3.0x10" 8.1 4.0x10* 1.4%10" 5.7X10° 1.5%10°

Ru-97 Ruthenium (44) 5.0 1.4X10* 5.0 1.4X10° 1.7X10* 4.6X10°

Ru-103 (&) 2.0 5.4X10" 2.0 5.4X10" 1.2X10° 3.2x10*
Ru-105 1.0 2.7X10" .00 1.6X10' 2.5X10° 6.7X10°

Ru-106 (a) 2.0X10" 5.4 2.0X10™ 5.4 1.2X10° 3.3%10°

8-35 Sulphur {16} 4.0X10" 1.1X10° 3.0 2.1x10' 1.6X10° 4.3X10°

Sbh-122 Antimony (51) 4.0%10" 11%10° 4,010 1.1X10" 1.5X10* 4.0X10°

Sh-124 6.0X10™ 1.6X10 6.0X10" 1.6X10’ 6.5X10° 1.7X10°

Sb-125 20 5 4X10" 1.0 2.7X10" 3.9X10 1.0X10°
Sh-126 4.0%10" 1,110 4.0x10" 1.1%10" 3.1x10° 8.4X10*
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Sc-44 Scandium {21) 5.0X107 1.4x10 5.0%107 1.4X10" 6.7X10° 1.8X107
Sc-46 5.0X10" 1.4X10" 5.0X10" 1.4%10" 1.3X10° 3.4X10*
Sc-47 1.0X10' 2.7X10° 7.0X107 1.9X10'  |3.1X10° 8.3X10°
%Sc-48 \ 3.0x10" 8.1 3.0X107 8.1 5.6X%10° 1.5%10° -
Se-75 Selenium {34) 3.0 8.1%10' 3.0 8.1x10° 5.4X10° 1.6X10*
Se-79 4.0X10° 1.1%10° 2.0 5.4X10" 2.6X10° 7.0%10™
Si-31 Siticon {14) 6.0X10" 1.8X10° 6.0X107 1.6X10° 1.4%10° 3.9X10°
Si-32 4,0%10" 1.1X10° 5.0%10" 1.4%10 39 1.1X10?
Sm-145 Samarium {62) 1.0x10" 2.7X10° 1.0X10" 2.7X10° 9.8X10" 2.6X10°
Sm-147 Unlimited Unlimited Unlimited Unlimited  [8.5X107 2.3X10°®
Sm-151 4.0X10 1.1x16° 1.0X10" 2.7X10° 8.7x10" 2.6X10°
Sm-153 9.0 2.4X10° 6.0X10" 1.6X10 1.6X10° 4.4X10°
Sn-113(a) |Tin (50} 4.0 1.4X10° 2.0 5.4X10" 3.7X10° 1.0X10*
Sn-117m 7.0 1.9X10° 4.0X10™ 1.1X10" 3.0%X10° 8.2x1¢*
Sn-119m 4.0%10' 1.1x10° 3.0%10° 8.1X107 1.4X10° 3.7X10°
Sn-121m (a) 4,0X10' 1.1x10° 9.0X10" 2.4x10" 2.0 5.4X10
Sn-123 8.0x10" 2.2X10 6.0X10" 1.6X10 3.0X10° 8.2x10*
Sn-125 4.0X10” 1.1X10" 4,010 1.1X10' 4.0X10° 1.1X10°
Sn-126 (a) 6.0X10 1.6X10 4.0¢10" 1.1X10" 1.0X10° 2.8X10°
Sr-82 (a) Strontium (38) 2.0x10" 54 2.0x10" 5.4 2.3%10° 6.2X10*
Sr-85 2.0 5.4X10' 2.0 5.4X10" 8.8X10° 2.4%10*
Sr-85m o 5.0 1.4X10? 50 1.4X10° 1.2X10° 3.3X10°
Se-87m 3.0 8.1X10' 3.0 8.1x10° 4.8X10° 1.3X10°
Sr-89 6.0X10” 1.6X10° 6.0X10™ 1.6X10° 1.4X10° 2.9X10°
Sr-90 (a) 3.0X107 8.1 3.0X107 8.4 5.1 1.4X10°
'5r-91 (@) 3.0X10" 8.1 3.0X107 8.1 1.3%16° a.exio®
‘ 5r-92 (a) 1.0 2.7X10 3.0X10" 8.1 4.7x10° 1.3X10
T(H-3) Tritium (1) 4.0X10" 1.4X10° 4,0X10 1.1x10° 3.6X10° 9.7X10°
(Tlg:gfgve g | Tantalm (73) 1.0 2.7X10" 8.0X10" 22x10"  |4.2x10° 1.1X10°
Ta-179 3.0X10' 8.AX10? 3.0X10' 8AX10° | 41X10' 1.1%10°
Ta-182 9.0¢10™ 2.4%10' 5.0X10" 1.4X10' 2.3%107 6.2X10°
Tb-157 Terbium (65) 4.0X10" 1.1X10° 4.0X10° 1.1%10° 5.6x10" 1.5X10"
Tb-158 1.0 2.7X10 1.0 2.7X10" 56X10" 1.5%10"
Th-160 1.0 2.7x10" 6.0X10™ 1.6X10" 4.2%10° 1.1%10°
Tc-95m{a) |Technetium (43) 2.0 5.4X10' 2.0 5.4X10" 8.3%10° 2.2X1¢*
Tc-98 4.0X10" 1.1X10' 4.0%10" 1.1%10 1.2X1¢¢ 3.2X10°
Tc-96m (a} 4.0x10" 1.1X10 4.0x10" 1.1X10" 1.4%10° 3.8X107
Te-87 Uniimited Unlimited Uniimited Unlimited  |5.2X10° 1.4%X10°
Tc-97m 4.0X10" 1.1¢10° 10 2.7X10" 5.6X10° 1.5%10*
{Tc-98 8.0X10™ 2.2X10' 7.0X107 1.8X10 3.2X10° 8.7x10"
Tc-99 4.0X10" 1.1X10° 9.0X107 2.4X10" 6.3X10" 1.7X107
To-90m 1.0%X10" 2.7%10° 4.0 1.1%10° 1.9X10° 5.3X10°
Te-121 Tetlurium (52) 20 5.4%X10" 2.0 5.4%10" 2.4%10° 6.4%10*
Te-121m 5.0 1.4X10° 30 8.1X10" 2.6X10° 7.0X10°
Te-123m 8.0 2.2X10° 1.0 2.7X10" 3.3X10° 8.9X10°
Te-125m 2.0X10" 5.4X10° 9.0X10™ 2.4X10" 6.7%10° 1.8x10*
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Te-127 2.0x10° 5.4X10” 7.0X107 1.8X10’ 9.8x10* 2.6X10° §
iTe-127m (a) 2.0x10" 5.4X10° 5.0%10" 1.4%10" 3.5X10 9.4x10° {
{Te-129 7.0x10" 1.9X10' 6.0X10" 1.6X10" 7.7%X10° 21410 |
iTe-129m (a) 8.0X10" 2.2X10" 4,0X10" 1.1X10' 1.1X10° 3.0x10* [
1 Te-131m (@) 7.0X10”7 1.9X10" 5.0X107 1.4X10' 3.0X10 8.0X10°

Te-132 (a) 5.0X10" 1.4X10" 4.0X107 1.1X30' 3.1x10 3.0X10°

Th-227 | Thorium (90} 1.0X10' 2.7X10° 5.0%10° 1.4X10" 1.1%10° 3.4%X10°

Th-228 (a) 5.0X10" 1.4X10" 1.0X10° 2.7x10% 3.0%10 8.2X10°

Th-229 50 1.4X10° 5.0X10* 1.4X10° 7.9%10° 2.1X10°

Th-230 1.0X10° 2.7X10° 1.0%10% 2.7X10% 7.6%10* 2.1X10%

Th-231 4.0X10" 1.1X10° 2.0X10% 5.4%107 2.0x10* 5.3X10°

Th-232 Unlimited Unlimited Unlimited Unlimited | 4.0X107 1.1X107 |

Th-234 (a) 3.0x10° 8.1 3.0¢10" 8.1 8.6X16° 2.3X10° ‘

Th(nat) Unlimited Unlimited Unlimited Unlimited  |8.1X10° 2.2X107 |

Ti-44 (a) Titanium (22) 5.0X107 1.4%10" 4.0%10" 1.1%10" 6.4 1.7X10° |

TI-200 Thallium (81) 9.0X10" 2.4X10" 9.0x10" 2.4X10" 2.2%x10° 8.0X10° [

Th201 1.0X10" 2.7X10° 4.0 1.1X10° 7.9X10° 2.1%10°

TI-202 2.0 5.4X10" 20 5.4X10' 2.0X10° 5.3X10°

TI-204 1.0%10° 2.7X10° 7.0%10" 1,810 1.7X10 4.6X10°

Tm-167 Thufium (68} 7.0 1.9X102 8.0x10" 2.2x10' 3.1X10° 8.5X10°

Tm-170 3.0 8.1x10 6.0X10" 1.6X10° 2.2X10° 6.0X10°

Tm-174 4.0X10" 1.1X10° 4.0X19" 1.4X10° 4.0X10 1.4%X10°
'U-230 (fast | Uranium (92) 4,0X10' 1.4X10° 1.0X10" 2.7 1.0X10° 2.7x10°
Hung ’

absorption)

{a)d)

U-230 4.0x10' 1.1X10° 4.0%X10° 1.1%10" 1.0%10° 2. 7x10

{medium

lung

absorption)

{a)e)

U-230 (slow 3.0X10° 8.1%10° 3.0X10° 8.1x10% 1.0X10° 2.7X10*

lung

absorption)

(&M

U-232 (fast 4.0%10° 1.1X10° 1.0X107 2.7X107 8.3x10" 2.2X10"

lung

absorption)

{d) _

U-232 4,019 1.1%10° 7.0X10° 1.9X1¢" 8.3x10" 2.2%10°

(medium

lung

absorption}

()]

V-232 (slow 1.0X10" 2.7X10° 1.0X10° 2.7X10% 8.3x10" 2.2x10'

lung

absorption)

4]

U-233 (fast 4,0X10" 1.1x10° 5.0X102 24 3.6x10™ g.7X10"

lung
tabsorption)

(d)
(U-233 4.0%10" 1.9X10° 2.0%X10% 5.4X10" 3.6X10* 9.7X107

(medium

lung

absorption)

&
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U-233 (slow 4.0X10" 1.1%10° 6.0x10° 1.6X10" 3.6X10° 9.7X10°
lung

absorption)

@

U-234 (fast 4.0X10 1.1X10° 9.0X10° 2.4 2.3x10™" 6.2X10°
lung

absorption)}

)]

U-234 4.0%10° 1.4X10° 2.0X10% 5.4X10™7 2.3x10™* 8.2x10°
{medium

iiung

absorption)

&

U-234 (slow 4.0X10' 1.1X10° 6.0X10° 1.6%10" 2.3x10" 6.2X10*
lung

absorpticn)

4] .

U-235 (all Unlimited Unfimited Unlimited Unlimited | 8.0X10° 2.2X10°
tung )

absorption

fypes)

{a)(d..0

U-236 (fast Unlimited Unlimited Unlimited Unlimited 2.4X10° 6.5X10°
ilung

absorption}

(5)]

U-236 4.0X10" 1.1X10° 2.0X10% 5.4X10" 2.4%10° 8.5X10°
{medium

lung

absorption)

&

UJ-238 (slow

lung 4 3 -3 -1 6 -5
absorption) 4.0%10 1.1%10 6.0X10 1.6X10 2.4X10 6.5X10
i _

U-238 (all Unlimited Unlimited Unlimited Unlimited  [1.2X10® 3.4X107
fung

absorption

types}

(. (e).(D

U (nat) Unlimited Unlimited Unlimited Unlimited 2.6X10° 7.4%107
U (enriched Unlimited Unlimited Unlimited Unlimited See Table A- |See Table A-4
to 20% or 4

less} ()

U (dep) : Unlimited Unlimited Uniimited |Unlimited | 5°° Table A g?ee Table A-
V-48 Vanadium (23) 4.0X10" 1.1X10° 4.0%10™7 1.4%10° 6.3X10° 1.7X10°
V-49 4.0X10 1.1X10° 4.0X10" 1.1%10° 3.0X10° 8.1x10°
W-178 ()  |Tungsten (74) 9.0 2.4X10° 5.0 1.4X10° 1.3X10° 3.4x10°
W-181 3.0}10' 8.1X10? 3.0%10° 8.1X107 2.2X10° 6.0X10°
W-185 4.0X10" 1.1X10° 8.0x1¢" 2.2X10' 3.5X10° 9.4X10°
W-187 2.0 5.4X10' 6.0x107 1.6X10 2.6x10° 7.0X10°
W-188 (a) 4.0X10” 1.1x10" 3.0x10" 8.1 3.7X10° 1.0x10*
Xe-122 (a)  |Xenon (54) 4.0X10" 1.1X10 4.0%10" 1.1X10! 4.8X10* 1.3X10°
Xe-123 2.0 5.4X10° 7.0X107 1.9X10° 4.4%10° 1.2X10°
Xe-127 4.0 1.1X10° 2.0 5.4X10' 1.0X10° 2.8X10%
Xe-131m 4.0%10" 1.1x10° 4.0X10' 1.1X10° 3.1X10° 8.4X10°
Xe-133 2.0%10" 5.4%10° 1.0X10" 2.7X10° 6.9X10° 1.9X10°
|Xe-135 _ 3.0 8.1x10' 2.0 5.4X10" 9.5x10" 2.6X10°
grY-ST (a) Yitrium (39) 1.0 2.7X10 1.0 2.7X10' 1.7x10% 4.5%10°
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Y-88 40X107 1.1X10" 4.0X10" 1.1X10" 5.2X10° 1.4X10°

¥Y-90 3.0x10" 8.1 3.0x10™ 8.1 2.0%10° 5.4X10°

Y91 6.0X10" 1.6X10" 6.0X107 1.6X10 9.1X10? 2.5X10
Y-91m, 2.0 5.4%10" 2.0 5.4X10" 1.5X10° 4.2X107

Y-92 2.0%10" 5.4 2.0X107 5.4 3.6X10° 9.6X10°

1Y-93 3.0X10™ X 3040 8.1 1.2X16° 3.3X10°
"Yb-169 Yiterbium (70) 4.0 1.1X10% 1.0 2.7X1¢" 8.9X10° 2.4%10° |
Y175 3.0%10 8.1%10° 9.0x10™ 2.4X10" 6.6X10° 1.8X10° l
1Zn-65 Zinc (30) 2.0 5.4X10 2.0 5.4X1¢ 3.0X10° 8.2X10° i
|Zn-69 3.0 8.1X10' 6.0X10" 1.6X10'  |1.8X10° 4.9X107
Zn-69m (a) 3.0 8.1X10 6.0X10" 1,6X10 1.2X10° 3.3x10°

Zr-88 Zirconium (40) 3.0 8.1X10' 3.0 8,110 6.6X10? 1.8x10°

Zr-83 Unlimited Unlimited Unlimited Unlimited 9.3%10° 2.5X10°

Zr-95 (a) 2.0 5.4X10" 8.0X107 2.2%10" 7.9X10% 2.1x10*

Zr-97 {a) 4,0X10" 1.1X10" 4.0%10° 1.1X10° 7.1X10* 1.9X10°

* Aq and/or A values include contributions from daughter nuclides with half-lives less than 10 days.

P The values of A; and A; in Curies (Ci) are approximate and for information only; the regulatory standard units are Terabecquerels (TBq), (see
paragraph (1} of Scheduie 10-6 of this appendx ruie.).

* The quantity may he determined from a measurement of the rate of decay or a measurement of the radiation level at a prescribed distance
from the source.

9 These values apply only to compounds of uranium that take the chemical form of UFs, UOsF» and UOL(NO,), in both normal and accident
conditions of transport.

® These values apply only to compounds of uranium that take the chemical form of UQ;, UF,;, UCl, and hexavalent compounds in both normal
and accident conditions of transport.

T These values apply to all compounds of uranium other than those specified in notes (d) and (e) of this table.

9 These values apply fo unirradiated uranium only.

f‘ Ay = 0.1 TBq (2.7 Ci) and A. = 0.001 TBq {0.027 Ci} for Cf-252 for domestic use.

P Az = 0.74 TBq (20 Ci) for Mo-29 for domestic use.

Table A-2—EXEMPT MATERIAL ACTIVITY CONCENTRATIONS AND EXEMPT CONSIGNMENT ACTIVITY LIMITS FOR RADIONUCLIDES

Symbolof | Element and atomic | ACUVIY concentation concle\rc:tti;itti)(’) Ctor | Activitylimitfor | Activity limit for
radionuclide number or exempt material exempt material exempt faxempt .
{Ba/g) (Cilg) consignment (Bq) | consignment (Ci}

Ac-225 Actinium (89) 1.0X10" 2.7%10™ 1.0X10* 2.7X107

Ac-227 1.0X10" 2.7X10" 1.0X16° 2.7X10°

Ac-228 1.0X10" 2,710 1.0X10° 2.7x10°
1Ag-105 Silver (47} 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ag-108m (b 1.0X10" 2.7X107° 1.0X10° 2.7¥10°
Ag-110m 1.0%10" 2.7X10™ T ox10° 2.7X10°%°

Ag-111 1.0¢10° 2.7X10° 1.0%10° 2.7%10°

Al-26 Aluminum (13) 1.0X10" 2.7X107° 1.0X10° 2.7x10°

Am-241 Americium (95} 1.0 ' 2.7x10™ 1.0X10* 2.7X107
Am-242m (b) 1.0 2.7X407 1.0X10¢ 2.7%107

Am-243 (b) 1.0 2.7¢10™" 1.0X10° 2.7X10°

Ar-37 Argon {18) 1.0X10° 27X10° 1.0X10° 2.7x10°

Ar-39 1.0X10" 2.7x10% 1.0X10* 2.7X107

Ard1 ' 1.0X10% 27X10° 1.0X10° 2 7X10°

As-72 Arsenic (33) 1.0X1¢" 2.7X15%° 1.0%10° 27X10°

As-73 1.0X10° 2.7X10° 1.0%10° 2.7X10%

As-74 1.0X10° 2.7X107 1.0X10° 2.7X10°

As-76 1.0X10°% 2.7X10° _ 1.0X10° 2.7X10°

As-77 1.0X10° 2.7X10" 1.0X10° 2.7X10°
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At-211 Astatine (85) 1.0X10° 2.7X40% 1.0X107 2.7x10* |
Au-193 Gold (79) 1.0X10? 2.7%x10% 1.0X107 2.7%10* |
Au-194 1.0X10" 2.7%10™ 1.0X10° 2.7%10° [
Au-195 1.0%10° 2.7X10° 1.0X10 2.7X10% '
Au-198 1.0%10% 2.7X10° 1.0%10° 2.7X10°
Au-199 1.0X10% 2.7X10° 1.0X10° 2.7X10°
'Ba-131 Barium (56) 1.0X10° 2.7X106° 1.0X10° 2.7%10°
'Ba-133 1.0X10? 2.7X10° 1.0X10° 2.7X10°
Ba-133m 1.0X10% 2.7%40° 1.0%X10° 2.7%10°
Ba-140 (b) 1.0X10 2.7%107° 1.0X16° 2.7X10° 1
Be-7 Beryltium (4) 1.0X10° 2.7x10% 1.0X1907 2.7%10% T
Be-10 1.0X10° 2.7X10°7 1.0X10° 2.7X10° i
Bi-205 Bismuth {83) 1.0X40" 2.7%10™ 1.0X10° 2.7x10°
Bi-206 1.0X10° 2.7%10™ 1.0X10° 2.7X10°
Bi-207 1.0X10° 2.7%107° 1.0X10° 2.7X10°
Bi-210 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Bi-210m 1.0X10 2.7X10™ 1.0X10° 2.7X10°
Bi-212 (b) 1.0X10 2.7X107° 1.0X10° 2.7X10°®
Bk-247 Berkelium (97) 1.0 2.7X10™ 1.0X16* 2.7%107
Bk-249 1.0X10° 2.7X10° 1.0X10° 2.7X10°
'Br-76 Bromine (35) 1.0X10 2.7%10™° 1.0X10° 2.7X10°
Br-77 1.0X10° 2.7X10° 1.0%10° 2.7X10°
Br-82 1.0X10" 2.7X107° 1.0X10° 2.7X10°
c-11 Carbon (8) 1.0%10" 2.7X10" 11.0%10° 2.7X10°
C-14 1.0¢10* 2.7X107 1.0X107 2.7x10™
iCa-41 Calcium (20) 1.0X10° 2.7X10° 1.0X10° 2.7¢10"
Ca-45 1.0X10* 2.7X107 1.0X107 2,710
Ca-47 1.0X10" 2.7X107 1.0X10° 2.7%10°%
Cd-109 Cadmium (48) 1.0X10* 2.7X107 1.0X10° 2.7X10°
Cd-113m 1.0X10° 2.7X10® 1.0X10° 2.7610°
Cd-115 1.0%10? 2.7%10° 1.0X10° 2,7X10°
Cd-115m 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ce-139 Cerium (58) 1.0X10° 2.7X10° 1.0X10° 2.7X10° ‘
Ce-141 1.0%X10° 2.7X10° 1.0X10° 2.7x10"
Ce-143 1.0%X10° 2.7%10° 1.0X10° 2.7%10°
‘Ce-144 (b) 1.0X10% 2.7X10° 1.0X10° 2.7x10°
'CR-248 Californium (98) 1.0X10" 2.7X107° 1.0X10* 2.7X107
Cf-249 1.0 2.7X10°" 1.0X10° 2.7X10%
C250 1.0%10" 2.7X10™" 1.0X10* 2.7X167
Cf-251 1.0 2.7%10™ 1.0X10° 2.7X10°
Cf-252 1.0%10 2.7X10™ 1.0X10° 2.7X107
Cf-253 1.0X10? 2.7X10% 1.0X10° 2.7%10°
Cf-254 1.0 2.7X10™ 1.0X10° 2.7%10°
Cl-36 Chlosine (17} 1.0X10* 2.7X107 1.0x10° 2,7%16°
'Cl-38 1.0X10" 2.7X10°% 1.0X10° 2.7X10°
Cm-240 Curlum (96) 1.0%X10° 2.7%10° 1.0X10° 2.7X10°
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: Cm-241 1.0X10° 2.7X10° 1.0X10° 2.7X10°
{Cm-242 1.0X10° 2.7X10° 1.0X10° 2.7X10°®
Cm-243 1.0 2.7x10™ 1.0X10* 2.7X107

1 Cm-244, 1.0X10" 2.7%107° 1.0%10% 2.7X1%7

Cm-245 1.0 2. 7x10™ 1.0X10° 2.7x10°

Cm-246 1.0 2. 710 1.0X10° 2.7x10?

Cm-247 1.0 2.710™ 11.0x10° 2.7x107

Cm-248 1.0 2. 7x10" 1.0X10° 2.7X10°

.Co-55 Cobalt {27} 1.0X10" 2.7x10" 1.0X10° 2.7X10°

Co-56 1.0X10 2.7X107 1.0X10° 2.7X10%
iCo-57 1.0X10° 2.7X10% 1.0X10° 2.7X10°
Cos8 1.0X10' 2.7X107 1.0X10° 2.7X10° |
Co-58m 1.0X10° 2.7X107 1.0X10 2.7X10™ [
Co-60 1.0X10" 2.7X16™° 1.0X10° 2.7X10° [
Cr-51 Chromium (24} 1.0X10° 2.7%10° 1.0X10" 2.7X10"

Cs-129 Cesium (55) 1.0X10 2.7X10° 1.0X10° 2.7X10°

Cs-131 1.0X10° 2.7X10° 1.0%10° 2.7X10°

Cs-132 1.0x10* 2.7x10™° 1.0X10° 2.7x10°"

Cs-134 1.0X10" 2.7X107"° 1.0010° 2.7X107

Cs-134m 1.0X10° 2.7x10° 1.0X10° 2.7x10°

Cs-135 1.0X10° 2.7X107 1.0X10° 2.7x10"

‘505-136 1.0X10 2.7X10™ 1.0x10° 2.7X10% |
éCs-137 {b) 1.0X10' 2.7X107° 1.0X10° 2,7X107 7 |
‘Cu-64 Copper (29) 1.0X16% 2.7%10° 1.0X10° |27x10° ]
Cu-67 1.0X16° 2.7X10° 1.0%10° 2.7X10°

Dy-159 Dysprosium (66) 1.0X10° 2.7X10° 1.0X10° 2.7X10™

Dy-165 1.0X10° 2.7X10° 1.0%10° 2.7X10°

Dy-166 1.0X10° 2.7X10° 1.0%10° 2.7X10%

Er-169 Erbium (68) 1.0x10° 2.7X107 1.0x10 2 7%10°

Er-171 1.0X107 2.7X10° 1.0%10° 2.7X10°

Eu-147 Europium {63) 1.0X10% 2.7X10° 1.0X10° 2.7X10°

Eu-148 1.0X10° 2.7x107™"° 1.0%X10° 2.7X10

Eu-149 1.0X10° 2.7X10° 1.0X107 2.7%10"

E‘;‘é;)f’o (short 1.0X10° 2.7X10° 1.0X10° 2.7X10°

5\:;;?0 (leng 1.0X10" 2.7X10 1.0X10° 2.7X10°

IEu-152 1.0X10" 2.7X10™ 1.0X10° 2.7X10°

Eu-152m 1.0X10° 2.7x10° 1.0X10° 2.7X10°

Eu-154 1.0X10 2.7X10™° 1.0X10° 2.7x10°

Eu-155 1.0X10° 2.7x10° 1.0%10 2.7x10™

Eu-156 1.0X10" 2.7x10"° 1.0%X10° 2.7X10°

F-18 Fluorine () 1.0X10' 2.7x10"° 1.0X10° 2.7X10°

Fe-52 iron (26) 1.0X10' 2.7X10™" 1.0X10° 2.7x10°

'Fe-55 1.0X10° 2.7X107 1.0X10° 2.7X10° |
'Fe-59 1.010" 27X10™ 1.0X10° 2.7%10° |
Fe-60 1.0X10 2.7X10° 1.0X10° 2.7X10° |
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Ga-67 Gatlium (31) 1.OX107 2.7X10° 1.0X10° 2.7X10°
Ga-68 1.0X10 2.7X10™" 1.0X10° 2.7X10°
Ga-72 1.0X10* 2.7X10 1.0X10° 2.7X10°
Gd-146 Gadolinium {64) 1.0X10' 2.7X10™ 1.0X10° 2.7x10°
Gd-148 1.0X10" 2.7X10™ 1.0X10° 2.7x107
Gd-153 1.0X10° 2.7X10* 1.0%107 2.7x10™
Gd-159 1.0X10° 2.7X10° 1.0X10° 2.7X10%
Ge-68 Germanium {32) 1.0X10' 2.7X107° 1.0X10° 2.7x10%
Ge-T1 1.0X10* 2.7X107 1.0%10° 2.7X10°
Ge-77 1.0X10' 2.7X107° 1.0X10° 2.7%10°
Hf-172 Hafnium (72) 1.0X10" 27410 1.0%10° 2.7X10°
Hf-175 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Hf-181 1.0x10° 2.7X107° 1.0X10° 2.7X10°
Hf-182 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Hg-194 Mercury (80) 1.0X10° 2.7X10°° 1.0X10° 2.7X10°
Hg-195m 1.0X10° 2.7X10° 1.0X10° 2.7X10°
{Hg-197 1.0X10? 2.7%10° 1.0X107 2.7X10*
Hy-197m 1.0%X10° 2.7X10° 1.0%X10° 2.7X10°
Hg-203 1.0X10°% 2.7X10° 1.0X10° 2. 7X10°
'Ho-166 Holmium (67) 1.0X10° 2.7X107 1.0X10° 2.7X10°
T Ho-166m 1.0X10 2.7X10™ 1.0X10° 2. 710
1-123 ledine (53) 1.0X107 2.7X10° 1.0X10° 2.7X40"
I-124 1.0X10" 2.7X10™° 1.0X10° 2.7x10°
I-125 1.0X10° 2.7x10° 1.0%10° 27X10°
1-126 1.0X10% 2.7X10° 1.0%10° |27X10°
{-129 1.0X10° 2.7X10° 1.0X10° 2.7X10°
{-131 1.0X10° 2.7x10° 1.0%X10° 2.7X10%
132 1.0X10" 2.7x10™° 1.0x10° 2.7x10%
(133 1.0X10' 2.7X107" 1.0%10° 2.7X10°
‘ t-134 1.0X10 2.7X10% 1.0X10° 2.7x10°
1-135 1.0%10" 2,7X107° 1.0X10° 2.7X10°
In-$11 Indium {49) 1.0X10? 2.7X10° 1.0X10° 2.7%40°
In-113m 1.0X10° 2.7X10° 1.0X10° 2.7%40°
In-114m 1.0X107 2.7%10° 1.0X10° 2.7%10°
In-115m 1.0X10? 2.7%10° 1.0X10° 2.7X10°
Ir-189 fridium (77) 1.0X10? 2.7X10° 1.0X1¢ 2.7x10%
Ir-190 1.0X1¢" 2.7X10™° 1.0X16° 2.7X10°
r-192 1.0X10' 2.7X107° 1.0x10* 2.7X107
ir-104 1.0X1¢° 2.7X1¢° 1.0X10° 2.7X10°
K-40 Potassium (19) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
K-42 1.0X10° 2.7%10° 1.0X10° 27X10°
K-43 1.0X10’ 2.7x10™" 1.0%10° 27X10°
Kr-81 Krypton (36) 1.0%10" 2.7%107 1.0X10° 2.7X10°
Kr-85 1.0X10° 2.7X10° 1.0%10* 2.7X107
Kr-85m 1.0X10° 2.7X10° 1.0%X10" 2.7X107
Kr-87 1.0X10° 2.7%10° 1.0%X10° 2.7X10%
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ILa-137 Lanthanum (57) 1.0X10° 2.7X10° T1.0x10° 2.7X10°
‘La-140 ' 1.0X10° 27X107° 1.0X10° 2.7X10°
Lu-172 Lutetium (71) 1.0X10 2.7X10™ 1.0X10° 2.7X10°
Lu-173 | 1.0X107 2.7X10% 1.0X10 2.7¢10"*
| Lu-174 1.0%10° 2.7%10° 1.0X1¢7 2.7X10*
Lu-174m 1.0X10? 2.7X10° 1.0X107 2.7%10"
Lu-177 1.0%10° 2.7X10° 1.0X1¢’ 2.7X10*
Mg-28 Magnesiurn (12) 1.0X10" 2.7X10" 1.0%10° 2.7X10°
Mn-52 Manganese {25) 1.0X10" 2.7x10™ 1.0%10° 2.7%40°
Mn-53 1.0x10° 2.7X107 1.0X10° 2.7X10%?
Mn-54 1.0X10' 2.7%10™ 1.0X10° 2.7X10°
Mn-56 1.0X10" 2.7x10™ 1.0X10° 2.7%10°
Mo-83 Molybdenurm (42) 1.0X10° 2.7X10° 1.0%10° 2.7%10°
Mao-99 1.0X107 2.7X10° 1.0%10° 2.7%10°
N-13 Nitrogen (7) 1.0X10° 2.7X16° 1.0X10° 2. 7%10° |
Na-22 Sodium {11) 1.0X10" 2.7X107° 1.0X10° 2 7X10° |
Na-24 1.0X10" 2.7X107° 1.0x10° 2.7X10°
Nb-93m Niobium (41} 1.0X10° 2. 7%167 1.0X107 2.7X10*
'Nb-94 1.0X10' 2.7X167%° 1.0X10° 2.7x10°
{Nb-95 1.0X10" 2.7X107° 1.0X1¢° 2.7X10°
Nb-97 1.0X10" 2.7%10™" 1.0%10° 2.7X10°
Nd-147 Neodymium (80} 1.0X10° 2.7X10° 1.0%10° 2.7X10°
Nd-149 1.0X10° 2.7X10° 1.0%X10° 2.7X10°
Ni-59 Nickel (28) 1.0X10* 2.7X107 1.0X10° 2.7X10°
Ni-63 1.0X10° 2.7X10° 1.0X10° 2.7x10°
Ni-65 1.0X10" 276107 1.0%10° 2.7X10°
Np-235 Neptuniurm (93) 1.0X10° 2.7X10° 1.0X107 2.7x10"
E‘Vfgdzfs {short- 1.0X10° 2.7X10° 1.0X10 2.7X10°
E‘vtg)% (long- 1.0X10% 2 7X10° 1.0X10° 2.7X10°
Np-237 () 1.0 2.7X10™ 1.0x10° 2.7X10™
Np-239 1.0X10° 2.7x10°* 1oxio’ 2.7X10"
0s-185 Osmium (78) 1.0X10° 2.7X10% 1.0X10° ' 2.7X10°
Os-191 1,0X10? 2.7X10° 1.0X10° 2.7x10*
|0s-191m 1.0X10° 2.7X10° 1.0X107 2.7X10"
"0s-193 1.0X107 2,7X10° 1.0X10° 2.7X10°°
Os-194 1.0X107 2.7X10° 1.0X10° 2.7X10°
% P-32 Phosphorus (15) 1.0X10° 2.7x10% 1.0X10° 2.7X10°
P-33 1.0X10° 2.7X10° 1.0X10° 2.7X16°
Pa-230 Protactinium (91) 1.0X10 2.7x10" 1.0%10° 2.7%10°
Pa-231 1.0 2.7x10™" 1.0X10° 2.7X10°
Pa-233 1.0X10° 2.7X10° 1.0X10° 2.7%10™
Pb-201 Lead (82) 1.0X10" 2.7X10™ 1.0X10° 2.7X10°
Pb-202 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Pb-203 1.0X10° 2.7X10° 1.0%10° 2.7X10°
Pb-205 1.0x10* 2.7X107 1.0X10° 2.7X10™
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Pb-210 (b} 1.0%10 2.7X107 1.0%10* 2.7X107 ‘
Pb-212 (b) 1.0X10 2.7X107° 1.0X10° 2.7X10° \
Pd-103 Palladium (46} 1.0X10° 2.7X10° 1.0x10° 2.7X10°
‘ Pd-107 . 1.0X10° 2.7x10%° 1.0X10° 2.7X10°
'Pd-109 1.0X10° 2.7X10° 1,0X10° 2.7X10°
|Pm-143 Promethium (61) 1.0X10° 2.7X40° 1.0X10° 27X10°
Pm-144 1.0X10" 2.7X10™ 1.0X10° 2.7x10°
Pm-145 1.0X10° 2.7%10° 1.0X107 2.7x10"
Pm-147 1.0X10* 2.7X107 1.0X107 2.7%10*
Pm-148m 1.0X10" 276107 1.0¢10° 2.7%10°
Pm-149 1.0X10° 2.7X10° 1.0%10° 2.7%10°%
Pm-151 1.0X10° 2.7x10° 1.0%10° 2.7X10®
Po-210 Polonium (84) 1.0X10" 2.7X10" 1.0%10 2.7X107 |
Pr-142 Praseodymium (59) 1.0X10° 2. 7X10° 1.0X10° 2.7X10° |
Pr-143 1.0%10 27107 1.0X10° 2. 7X10° [
Pt-188 Platinum (78) 1.0X10° 2.7X107™ 1.0X10° 2.7X10°
P+191 1.0X10° 2.7%10° 1.0X10° 2.7%10°
| Pt-193 1.0x10¢ 2.7x107 1.0X107 2.7X16*
|Pt-193m 1.0¢10° 2.7X1¢° 1.0%10°7 2.7X10" [
Pt-195m 1.0%10% 2.7%10° 1.0X10° 2.7X10° [
Pt-197 1.0X10* 2.7X10° 1.0X10° 2.7X10° |
Pt-197m 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Pu-236 Plutonium (94) 1.0X1¢" 2.7%10™" 1.0X10 2.7X107
'pu-237 1.0%X10° 2.7X10° 1.0X107 2.7X10%
PuU-238 1.0 2.7%10™ 1.0X10* 2.7X107
Pu-239 1.0 2.7X10™" 1.0X10* 2.7%107
Pu-240 1.0 2.7%10M 1.0¢10° 2.7X10°
Pu-241 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Pu-242 1.0 2.7x10™ 1.0X10* 2.7X107
Pu-244 1.0 2,710 1.0X10* 2.7X107
Ra-223 {b) Radiurn (88) 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Ra-224 {b) 1.0X10" 2.7X10" 1.0X10° 2.7X10°
Ra-225 1.0X10° 2.7X10" 1.0X10° 2.7X10°
Ra-226 (b} 1.0X10" 2.7X10" 1.0X10° 2.7x107
Ra-228 (b} 1.0X10" 2.7X107™ 1.0X10° 2.7%10°
Rb-81 Rubidium (37} 1.0X10" 2.7X107 1.0X10° 2.7X10°
Rb-83 1.0X10° 2.7X10* 1.0%10° 2.7%10°
'Rb-84 1.0X40" 2.7X10°° 1.0X10° 2.7X10°
Rb-86 1.0X10? 2.7X10% 1.0X10° 2.7%10°
'Rb-87 1.0X10° 2.7X107 1.0X107 2.7X10"
\Rb(nat) 1.0%10* 2.7X107 1.0X10° 2.7%10°
Re-184 Rhenium (75) 1.0X10° 2.7X10" 1.0X1¢° 2.7X10°
Re-184m 1.0X10° 2.7%10° 1.0X10° 2.7X10°
Re-186 1.0X10° 2.7X10°® 1.0%10° 2.7X10°
Re-187 1.0X10° 2.7X10° 1.0X10° 2.7X10%
Re-188 1.0X10° 2.7%10° 1.0X10° 2.7X10°
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Re-189 1.0X40? 2.7%10° 1.0X10° 2.7X10°
Re(nat) 1.0X10° 2.7X10° 1.0X16° 2.7X10%
Rh-99 Rhodium (45) 1.0X10" 2.7X10" 1.0X10° 2.7%10°
Rh-101 " 1.0X10° 2.7X10° 1.0X10" 2.7%10"
Rh-102 1.0X10° 2.7%107™ 1.0%10° 2.7X10°
Rh-102m 1.0%10? 2.7%10° 1.0X10° 2.7%10°
Rh-103m 1.0X10* 276107 1.0X10° 2.7%10°
Rh-105 1.0X10? 2.7X10° 1.0X107 2.7X10™
Rn-222 (b} Radon (86) 1.0X10° 276167 1.0%10° 2.7X10°
Ru-97 Ruthenium {44) 1.0X10% 2.7X10° 1.0X107 2.7%10°
Ru-103 1.0X10° 2.7X10° 1.0X10° 2.7X16°
Ru-105 1,0X10" 2.7%x10™° 1.0X10° 2.7X16°¢
Ru-106 (b} 1.0X10% 2.7X1¢° 1.0¢610° 2.7X10°
5-35 Sulphur (16) 1.0%10° 2.7%10° 1.0X10° 2.7X10° [
Sb-122 Antimony (51) 1.0X10° 2.7X10°¢ 1.0X10* 2.7X107 |
Sb-124 1.0X10" 2.7%101° 1.0X10° 2.7X10° |
Sb-125 1.0X10% 2.7X10° 1.0%10° 2.7X10° J
Sb-126 1.0%10" 2.7X107° 1.0X10° 2.7X10°®
Sc-44 Scandium (21) 1.0%10" 2.7X10™° 1.0%10° 2.7X10°
15046 1.0%10' 2.7X107° 1.0X10° 2.7X10°
15c-47 1.0X10° 27X10° 1.0X10° 2.7X10°
Sc-48 1.0X10 2.7X10™ 1.0X10° 2.7X10°
Se-75 Selenium (34) 1.0X10° 2.7X10% 1.0X10° 2.7X10°
Se-78 1.0%10* 2.7X107 1.0%10" 2.7X10%
Si-31 Silicon (14) 1.0X10° 2.7X10° 1.0%10° 2.7X10°°
Si-32 1.0%10° 2.7X10° 1.0X10° 2.7X10°
Sm-145 Samarium (62) 1.0X10° 2.7X10° 1.0X10° 2710
Sm-147 1.0%10" 2.7x101° 1.0%10° 2.7x107
Sm-151 1,010 2.7X107 1,0X10° 2.7X10°
Sm-153 1.0X10* 2.7X10° 1.0X10° 2.7X10°
|8n-113 Tin {50) 1.0X10° 2.7X10% 1.0X107 2.7X10*
|Sn-117m 1.0X107 2.7X10" 1.0%10° 2.7X10°
Sn-119m 1.0X10° 2.7X10% 1.0%10° 2.7X10*
Sn-121m 1.0X10° 2.7X10% 1.0X107 2,7%10*
Sn-123 1.0X10° 2.7x10° 1.0X10° 2.7X10°
Sn-125 1.0X10% 2.7X10° 1.0X10° 2.7X10°
Sn-126 1.0X10" 2.7X107° 1.0X10° 2.7X10°
Sr-82 Strontium (38) 1.0X10' 2.7x10™" 1.0X10° 2.7X10°
Sr-85 1.0X10° 2.7X10° 1.0X10° 2.7X10°
Sr-85m 1.0X10° 2.7%10% 1.0X10° 2.7X10°¢
Sr-87m 1.0X107 2.7X10° 1.0X10° 2. 7X10° |
Sr-89 1.0X10* 2.7X10° 1.0X10° 2, 7X10° |
Sr-90 (b) 1.0X10° 2.7X10° 1.0x10* 2.7X107
Sr-91 1.0X10" 2710 1.0X10° 2.7X10°
Sr-92 1.0X10" 2.7%10°7° 1.0X10° 2.7X10°
T(H-3) Tritium (1) 1.0X10° 2.7%10° 1.0%10° 2.7X10%
$S-7039 (July 2010) 135 RDA 1693

619



g\f‘ég 8 (008~ | vantalum (73) 1.0X10" 2.7X107 1.0X10° 2 7X10°

Ta-179 1.0%10° 2.7X10° 1.0X107 2.7X10° |
Ta-182 1.0%10 2.7X107° 1.0X10° 2.7X107 |
Tb-157 Terbium (65) 1.0%10* 2.7X107 1.0X107 2.7X10% |
Th-158 1.0%10" 2.7X107" 1.0X10° 2.7X10°

Th-160 1.0X10" 2.7X10°% 1.0X10° 2.7X10°

Te-95m Technetium (43} 1.0X10 2.7X107° 1.0X10° 2.7X10°

Tc-96 ‘ 1.0X10" 2.7X107" 1.0%10° 2.7X10°

Tc-96m 1.0X10° 2.7%10%° 1.0x10° 2.7X10*

{Te-97 1.0%10° 2.7X10% 1.0x10* 2.7x10%

Te-97m 1.0X10° 2.7X10* 1.0X107 2.7%10"

Tc-98 1.0X10 2.7X10™ 1.0%10° 2.7X10°

i; Tc-99 1.0X10* 2.7%107 1.0X107 2.7%40%

Tc-99m 1.0X10? 2.7X10° 1.0X107 2.7X10™

Te-121 Tellurium (52) 1.0X10 2.7x107° 1.0X10° 2.7%10°

Te-121m 1.0X10% 2.7X10° 1.0X10° 2.7X10°¢

Te-123m 1.0X107 2.7X10° 1.0X107 2. 7%40™*

Te-125m 1.0X10° 2.7X10% 1.0X107 2. 7x10*

Te-127 1.0X10° 2.7%10°% 1.0X10° 2.7%10°

Te-127m 1.0X10° 2.7%10® 1.0X107 2.7X107

Te-129 1.0X10° 2.7%10° 1.0%16° 2.7X10°

Te-129m 1.0X10° 2.7X10° 1.0%10° 2.7%10°

Te-131tm 1.0X10" 2.7%10" 1.0%10° 2.7X10°°

Te-132 1.0X10 2.7X10° 1.0X10" 2.7X10%

Th-227 Thorium (90) 1.0X10 2710 1.0X10* 2.7X107

Th-228 (b) 1.0 2.7X10™ 1.0x10* 2.7X107

Th-229 () 1.0 2.7X10™" 1.0X10° 2.7X10°

Th-230 1.0 2. 7610 1.0X10* 2.7X107

Th-231 1.0X10° 2.7X10° 1.0%107 2.7X10%

Th-232 1.0X10 2.7X107° 1.0X10* 2.7X107

Th-234 (B) 1.0X10° 2.7X10° 1.0%10° 2. 7%10°

Th (nat) (&) 1.0 2.7x16™ 1.0X10° 2.7X10%

Ti-44 Titarium (22) 1.0X10" 2.7X1¢67%° 1.0X10° 2.7X10°

TI-200 Thaltium (81) 1.0X10" 2.7X10™ 1.0X10° 2.7X10°

TI-201 1.0X10% 2.7X10° 1.0X10° 2.7X10%

TI-202 1.0X10% 2.7X10° 1.0X10° 2.7X10° |
TI-204 1.0%10* 2.7X107 1.0X10° 2.7X107 |
Tm-167 Thulium (69) 1.0X10° 2.7x10° 1.0X10° 2.7¥10°%°

Tm-170 1.0%10° 2.7X10° 1.0X10° 2.7X10°°

Tm-171 1.0X10* 2.7X107 1.0X10° 2.7X10°

U-230 (fast Uranium (92) 1.0X10 2.7X107% 1.0X10° 2.7X10°

lung

absorption)

{b).(e)

U-230 (medium 1.0X10 2.7X107%° 1.0X10° 2.7X107

lung

absorption) (e)

U-230 (slow 1.0%10" 2.7X10™ 1.0X10° 2.7X107
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lung
absorption) (f

U-232 (fast
lung
absorption)
B

1.0

27510

1.0X1¢°

2.7X10°

U-232 (medium
lung
absorption) (e)

1.0X10"

2. 710"

1.0x10*

2.7X107

U-232 (slow
fung
absorption) (D

1.0X10'

2.7X10™

1.0x10*

2.7%107

U-233 (fast
lung
absorption) (d)

1.0X10"

2.7%107"

1.0x10*

2.7X107

U-233 (medium
lung
absorption) (&)

1.0X10°

2.7X10°

1.0%X10°

2.7X10°

U-233 (slow
ung
absorption) ()

1.0X10"

2. 7107

1.0%10°

2.7X10°

U-234 (fast
lung
absorption) (d)

1.0%10'

2.7X1¢6"°

1.0%10*

2.7X107

U-234 (medium
lung
absorption) ()

1.0X10°

2.7X10°

1.0X10°

2.7X10°

U-234 (slow
lung
absorption} (f

1.0X10"

2.7X1071°

1.0X10°

2.7x10°

U-235 (all lung
absorption
types)
(b).(d).(eh (D

1.0X10"

2.7X10™°

1.0x10*

2.7X107

U-236 (fast
fung
absorption} (d)

1.0x10'

2.7X107°

1.0X10*

2. 7X107

U-236 {medium
lung
absorption} (€)

1.0X107

2.7X10°

1.0X10°

2,7X10°

U-236 {slow
lung
absorption} (f

1.0X10"

2.7X10%

1.0X10°

2.7x107

i U238 (all lung
|absorption
itypes)

0. e.0

1.0%10"

2.7X107°

1.0X10*

2.7X107

U (naf) (b)

1.0

2.7x10™

1.0X10°

2.7X10°

U {enriched to
20% or less)

@

1.0

2.7x107™

1.0X10°

2.7%10°°

U (dep)

1.0

2.7%10™M

1.0X10°

2.7X107°

V-48

Vanadium {23}

1.0X10°

2.7%10™

1.0%X10°

2.7X10°

V-49

1.0X1¢

2.7X107

1.0X107

2.7x10*

W-178

Tungsten (74)

1.0X10"

2,710

1.0X10°

2.7X10°

W-181

1.0%16°

2.7%10°"

1.0X10°

2.7X10*

W-185

1.0¥1¢0"

2.7X107

1.0X10°7

2.7X10*

W-187

1.0X10°

2.7X10°°

1.0X10°

2.7X10°

IW-188

1.0X10?

2.710°

1.0X10°

2.7X10°

Xe-122

Xenon {54)

1.0X10?

2. 740"

1.0X10°

2.7X10?

$S5-7039 (July 2010)

137

gal

RDA 1693



Xe-123 1.0X10? 2.7X10° 1.0X10° 2.7X10? 1

Xe-127 1.0X10° 2.7X10° 1.0%10° 2.7%10° T
i Xe-131m 1.0X10* 2.7X1067 1.0%10* 276107 ‘

Xe-133 1.0X10° 2.7x10° 1.0%10* 2.7x107 \
. Xe-135 1.0X10° 2.7X10° 1.0%10™ 2.7X107
Y87 Yttrium (39) 1.0X10" 2.7%10°0 1.0¢10° 2.7X1¢0°

Y-88 1.0X10" 2.7X107"° 1.0%10° 2.7X10°

Y-90 1.0X10° 2.7x10°® 1.0%10° 2.7X10°

Y-91 1.0X10° 2.7x10° 1.0X10° 2.7X10°

Y-91m 1.0X10? 2.7X10° 1.0X10° 2.7x10°

Y-92 1.0X10° 2.7X10° 1.0X10° 2.7X10°

Y-93 1.0X10° 2.7x10° 1.0X10° 2.7X10°

Yb-169 Ytterbium (70) 1.0X10° 2. 7X10° 1.0%107 2.7x10™

Yb-175 1.0X10° 2.7x10° 1.0X10° 2.7X10"

Zn-65 Zing (30) 1.0%10 2.7X10™° 1.0X10° 2.7X10°

Zn-89 1.0X10* 2.7X107 1.0%10° 2.7X10°

Zn-69m 1.0X10° 2.7x10° 1.0X10° 2.7x10°%

Zr-88 Zirconium (40) 1.0X10? 2.7X10° 1.0%X10° 2.7%10°
EZr—93 () 1.0X10° 2 7X10° 1.0X107 2.7x10*

Zr-95 1.0X10° 2,710 1.0X10° 27X10°

Zr-97 (o) 1.0X10° 27X107 1.0X10° 2.7X10%

? [Reserved]

® parent nuclides and their progeny included in secular equilibrium are listed in the following:

Sr-90
Zr-93
Zr-87
Ru-106
Cs-137
Ce-134
Ce-144
Ba-140
Bi-212
Pb-210
Pb-212
Rn-220
Rn-222
Ra-223
Ra-224
Ra-226
Ra-228
Th-226
Th-228
Th-229
Th-nat
Th-234
U-230
U-232
U-235
U-238

§5-7039 (July 2010)

Y-00

Nb-93m

Nb-97
Rh-106

- Ba-137m

La-134
Pr-144
La-140

TI-208 {0.36), Po-212 (0.64)

Bi-210, Po-210

Bi-212, TI-208 (0.36), Po-212 (0.64)

Po-216

Po-218, Pb-214, Bi-214, Po-214

Rn-219, Po-215, Pb-211, Bi-211, TI-207

Rn-220, Po-216, Pb-212, Bi-212, TI-208(0.36), Po-212 (0.64)
Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
Ac-228

Ra-222, Rn-218, Po-214

Ra-224, Rn-220, Po-216, Pb-212, BI-212, TI-208 (0.36), Po-212 (0.64)
Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)

Pa-234m
Th-226, Ra-222, Rn-218, Po-214

Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, T-208 (0.36), Po-212 (0.64)

Th-231
Th-234, Pa-234m
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c

U-nat
U-240
Np-237
Am-242m
Am-243

{Reserved]

Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210
Np-240m

Pa-

233

Am-242
Np-239

9 These values apply only to compounds of uranium that take the chemical form of UFs, UO,F, and UO2(NQ3): in both normal and accident
conditions of transport.

® These values apply only to compounds of uranium that take the chemical form of UQ,, UF,, UCL and hexavalent compounds in both normal

and accident conditions of fransport.
"These values apply to all compounds of uranium other than those specified in notes (d) and () of this table.
9 These values apply to unirradiated uranium only.

TABLE A-3—GENERAL VALUES FOR A AND Az

A Ay Activity Activity Activity limits Activity fimits
Contents concentration for | concentration for for exempt for exempt
(TBq) () (TBg) (Ci) exempt material | exempt material | consignments | consignments
(Ba/g) (Cirg) (Ba) (Ci)

Only beta or 1x107 |27x10° [2x107% [54x107 [1x 10 2.7 x10™ 1% 10 2.7 xt07
gamma emitting

radicnuclides are

known to be

present

Only alpha 2x107  [54x10° |9x10° |24x107 [1x10" 2.7 x10™ 1x10° 2.7 x10°
emitting

radionuclides are

known

to be present

Norelevantdata |1x10° |2.7x10% {9x10% |24x10® |1x107 2.7x10™ 1x140° 27 x10°
are available
TABLE A-4—ACTIVITY-MASS RELATIONSHIPS FOR URANIUM

. Uranium Enrichment! Specific Activity
i

¢ wt % U-235 present TBa/g Cilg

0.45 1.8x10° 5.0x107

0.72 26x10° 7.1 x 107

1 28x10° 7.6x107

1.5 a7x1i0® 1.0x10°®

5 1.0x107 2.7 x10%

10 1.8x 107 4.8x10°

20 3.7x107 1.0x10°

35 74x107 2.0x10°

50 23 x107 2.5x%10°

90 22x10°® 58x10°

93 26x10"® 7.0x10°®

95 34x10* 9.1x10°

The figures for uranium include representative values for the activity of the uranium-234 that is concentrated during the enrichment process.

Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq., and 4-5-201 et seq.
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G.0.C. STAFF RULE ABSTRACT

DEPARTMENT: Environment and Conservation

DIVISION: Radiological Health

SUBJECT: Rule Reorganization

STATUTORY AUTHORITY: Tennessee Code Annotated, Section 68-202-101 et seq.
EFFECTIVE DATES: May 22, 2012 through June 30, 2013

FISCAL IMPACT: Minimal

STAFF RULE ABSTRACT:

These rulemaking changes reflect a reorganization of ali TDEC rules in order to be more logical
and user friendly. This rulemaking affects Chapters 1200-02-04, 1200-02-05, 1200-02-08, 1200-
02-07, 1200-02-08, 1200- 02-09, 1200-02-10, 1200-02-11 and 1200-02-12. lts various additions
and modifications will incorporate:

a. Changes to the numbering designation of Radiological Health rules from 1200-02 to 0400-20;
b. Correcting typographical errors throughout all Chapters; and

c. Deleting obsolete language.

CED.



Public Hearlng Comments

One copy of a document containing responses 1o comments made al the public hearing must accompany the
filing pursuant to T.C.A. §4-5-222. Agencies shall include only their responses to public hearing comments, which
can be summarized. No letters of inquiry from parties questioning the rule will be accepted. When no comments
are received al the public hearing, the agency need only draft a memorandum stating such and include it with the
Rulemaking Hearing Rule filing. Minutes of the meeting will not be accepted. Transcripls are not acceptable.

No comments were received during the comment period.
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Regulatory Flexibillty Addendum

Pursuant to T.C.A. § 4-5-401 through 4-5-404, prior to initialing the rule making process as described in T.C.A.
§ 4-5-202(a)(3) and T.C.A. § 4-5-202(a)}, all agencies shall conduct a review of whether a proposed rule or rute
affects small businesses.

(if applicable, insert Regulatory Flexibility Addendum here)

(1) The type or iypes of small business and an identification and estimate of the number of small businesses
subject to the proposed rule that would bear the cost of, or directly benefif from the proposed rule:

This rulemaking that changes the rule numbers from Chapter 1200-20-06 and that makes other
housekeeping changes makes no substantive changes. Therefore, there is no impact on small business.

{2) The projected reporting, recordkeoping, and other administrative cosls raquired for compliance with the
proposed rule, including the lype of protessional skills necessary for preparation of the report or record:

There are no projected additional reporting, recordkeeping or administrative costs as a result of this
rulemaking.

{3) A statement of the probable effect on impacted small businesses and consumers:
There is no expected adverse affect on small businesses as a result of this rulemaking.

{4) A description of any less burdensome, less intrusive or less costly alternative methods of achieving the
purpose and objectives of the proposed rule thal may exist, and to whal extent the allernative means
might be less burdensome to small business:

The Department is unaware of alternatives to the proposed rules.
(5) A comparison of the proposed rule with any federal or state counterparts:

There Is no exact match with any ledaral or state counterparts.

(6) Analysis of the effect of the possible exemption of smaill businesses from all or any part of the
reguirements contained in the proposed rule.

Due to the administrative nature of this rutemaking small businesses could not be exempt from this
rulemaking.

$8-7039 (July 2010) 30 RDA 1693
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Impact on Local Governments

Pursuant to T.C.A. 4-5-220 and 4-5-228 "any rule to proposed to be promuigated shall state in a simple
declarative sentence, without additional comments on the merils of the policy of the rules or regulation, whether
the rule or regulation may have a projected impact on local governments.” {See Public Chapter Number 1070
{(hitp:/fstate.in.us/sosfacts/108/pub/pct070.pdf) of the 2010 Session of the General Assembly)

The Department does not anticipate hat these amended rules will have a financial impact on local goverrments.

8S-7039 (July 2010) RDA 1693
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- Department of State

! Division of Publications

; 312 Rosa L. Parks Avenue, Sth Floor Snodgrass/TH Tower
| Nashville, TN 37243

i Phane: 615-741-2650

Fax 615 7111 5133 )

Rulemaking Hearing Rule(s) Filing Form

Sequence Number:
Rule ID(s):
File Date:
Effective Date:

For Department of State;sé Cnly.

H
¥

Rulemaking Hearirig Rulés are.rules flled after and as a result-of a rleraaking hearing. TCA Ssoifon 4-5-205.

Agency]BoardlCom imission:

o e

Dwisicn

" Fioor L&C Annex

| 401 Church Street
' Nashville, Tennessee

Envitonment and Consefvation
Radiologtcal Health
eth Murphy

Zip: |

Revision Type (check all that apply):
Amendmesnt

"X New
_X__ Repesl

Phone: | (615)582-030 | T T
] Emall:ﬂ

Rule(s) Revised (ALL chapters and rules contained in ﬁﬁng must be listed here, If needed, copy and paste

additional tables to accommodate multiple chapters. Please enter only ONE Rule Number/Ruls Title per row)

y | Chapter Title )
Use of X-Ray Apparatus
Rule Title
0400-20-06-01 | Purpose R
0400-20-06-.02 | ‘Scope e B
0400-20-06-.03 Definitions

0400-20-06-.04

General Safely Precautions

0400-20-06-.05

Medical X-Ray Installatiors

0400-20-08-.06

Veterinary X-Ray instaliations

"0400-20-08-.07

Analytical X-Ray Installations

'0400-20-08-,08 X-Ray Gauges .
400-20-06-,09 Appendix A
“Chapter Number | Chapter Title
1200-02-08 Use of X-Ray Apparalus
“Rule Number Rule Title N
1200-62-06-01 | Purpose’ - )
1200-02-06-.02 Scope
1200-02-08-.03 Definitions

“1200-02-06-.04
1200-02-06-.05

General-Safsty Precautions
Medical X-Ray Installations

1200-02-06-.08

Veterinary X-Ray insta!!atgons

1200-02-06-07
1200-02-06-,08

' __.Analyhcal X-Ray Installations

1200-02-06-.09

Appendzx A
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{Place substance of rules and other info here. Statutory authority must be given fot each rule change. For
information on formalting rules go to hitp:#in. govisosirdles/ 13601 360 him)

Repeal
Chapter 1200-02-06 Use of X-Ray Apparatus is repealed.
Authority: T.C.A. §§ 68-202-101 et seq., 68-202-201 et seq,, and 4-5-201 et seq.

New Rules
~Chapter 0400-20-06
Usa of X-Ray Apparsitus
Table of Contents

0400-20:06-.01 Purpose 0400-20-06-.06 Veierinary X-Ray Installations:
0400-20-08-.02 Scope 0400-20-06-,07 Analytical X-Ray Installations
0400-20-08-.03 Defihifions ‘ 0400-20-06-.08 X-Ray Gauges
0400-20-06-.04 General Safely Pracaufions 0400-20-06-.09 Apbendix A

0400-20-08-,05 Medical X-Ray Installations

4200-02-08-0%  0400.20:08..01 Puipose.

This Chapter establishes requsrements for the use of x-ray apparatus, except industiial radiography. The
provisions of this Chapter are in addstron to and not In substitution for other applicable provisions of these
regidations.

Authority: T.C.A. §§ 68-202-101 at'seq, and 4-5-201 et seq.

1200.05-08--02  04B0-20-06-02 Scope.

Except as otherwise specifically provided,.this chapter applies to ali uses of x-ray apparalus in the healing aris,
vetarinary medicine, industry and educational institutions.

Authority: T.C A. §8 68-202-101 et seq. and 4-5-201 et saq.
4300-02-08-03  0400-20-06-93 Definitions.

(1) “Accessible surface” [means Fithe external surface of the enclosure or housing provided by the
' ranufactirer.

(2} “Added filter" means Tthe filter added to the inherent filtration.

(3) “Aluminum equivalent” means Tthe thickness of aluminum (Type 1100 alloy)' affording the sarhe
attenyation, under spacified cendltions; as the material in question.

% "Analytical x-ray equipment’ means Aany device that utilizes x-rays for the purpose of examining the
microstructure of materials.

(5) *Altentiation block” M blogk or stack, having dimensions 20 cm: by 20 cm by 3.8 em, or type
1100 aluminum afloy’ or other materiafs having equivalent altenvation.

(8} “Autornatic. exposure oontrol’ means Aa device that automatioally conbrols one or more technique factors
in order to obtain at a pre-selected location(s) a required guantity of radiation.

(7 “Beam axis” means Ag line from the source through the centers of the x-ray fields.

The nominal chemical composition of type 1100 aluminum alloy Js 99.00 percent minimum aluminum, 6.12-percent copper. “Alurninum —
Standards and Data.” The Aluminur Association, New York, New York. {1869), R
$8-7039 (July 2010) 2 RDA 1683
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*Beam-limiting device" reans Ag device that provitdes a means fo restrict the dimensions of the x-ray
field,

“Certifled components” eans Gromponents of diagnostic x-ray systems that are subject to regulations

()
promulgated under P.L. 90-602;

{10)  “Collimator’ means Ag device or mechanism by which the xsray beam is restricted in size.

(i1} “Confrel panel’ mans ¥ihat part of the x-ray control upon which are. molnted the switches, knobs,
pushbultons; and other hardware necessary for mantially setling the technigue factors.

(123  “Contact therapy apparatus® Mmeans x-ray apparatus designed for therapy at very short treatment
distances, 5 céntimeters or less, usually employing tube potentials in the range of 20 to 50 -kVp.

{13}y  "Dead-rran switch” means Sg swilch so constructed that a cireuit closing contact can-be maintained only
by continuous pressure on the swilch by the operator.

{14)  “Diagnostic source assembly” means Fthé tube housing assembly with a beam limiting device attached.

{18)  "Diagnestic type tube housing” means X-ray tube housing so constructed that at a distance of 1 meter
from the target, the leakage cannot exceed 100 milliroeritgens in 1 hour when the tube is operated at its
maxirmum continuous rated current for the maximum rated fube potential. An aceeptable method for the
determination of the maximum leakage-from an x-tay tube is to take measurements at 8 compass points
in each of the 3 planes at right angles to each other at 1 mater from the farget with the useful beam
blocked with ten half-value layers (HVL) of attenuating material.

(16)  “Diagnoslic x-ray system” maéans Aan x-ray systein designed for irradiation of any part of the human
body for the purpose of diaghosis or visualization.

{17y “Diaphragm’ means Ag device or mechanism by which the x-ray beam is restricted in size.

(18)  “Entrance exposure rate” fnesns Fihe roentgens per minute at the point where the center of the useful
beam enters the patient.

(19)  “Equipment” means X-ray equipmant.

20y  “Fail-safe design” megng Gone i which all fdilgres of indicator of safety components. that ean
reasonably be anticipated cause the equipment to fall in a mode such that personnel are safe from
exposure to radiation. For example: {a) if a light indicating X-RAY ON fails, the produciion of x-rays shall
be prevented; and (b) if a shutter status indlcator faﬂs, the shutter shall close.

{21)  "Field emission equipment” migans Feauipment that uses an x-ray tube in which electron emission from.
the cathode is due solely to the action of an eléciric field, .

(22)  “Filter" means Minaterial placed In the useful beam to absofb preferentially the less penetrating
radiatiofis.

(23)  “Fluoroscopic imaging assembly” figans Ag component that comprises a reception systemn in which x-
ray photoiis produce a fluoroscopic fmage. ltincludes equipment housing, electiical interlocks if any, the
primyafy protective barrier, ard strugtufal material providing linkage betwesn the image receéptor and the
diagnostic source assémbly.

{(24)  “Genieral purpose radiographic x-ray systemn” fneans Agny radlographic x-ray system that, by design, is
not limited to radiegraphic examination of specific anatomical regions.

(25)  “Gonadal shield® Mmeans a protective barrier for the gonads.

(26}  "Halfvalue layer” (HVL) means Hhickness of an absorber required to reduce a beaim oftadiation to one-
haif its incident exposure rate.

$8-7038 {July 2010) 3 RDA 1693
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(27)

(28)

(29)

30)

(31)

(32}

(33)

(34)

{35)

*Image intensifler” Mimeans a devics that converts Instantaneously by means of photp-emissive surfaces
and electronic circuitry an x-ray pattérn into a light paiterni of greater intensity than would have been
produced by the original x-ray pattern.

‘Image receptor” Means -any device, such as a “fluorescent screen or radiographic film,” that
transforms incident x-ray photons either into a visible image or into another form that ¢an be made into a

visible image by further transformations, :

“Inherent filration” #eans Fihe filtration permaniently in tha useful beam; it includes the window of the %-
ray tube and any pérmanent tube or source ericlosure.

“Kilovolts peak™ (kVip) means Tthe crest value in Kilovolts of the potential difference of a pulsating
potential generator. When oRily ane-hialf of the wave i$ used, the value refers to the uséful half of the
wave.

"kWs” shadris Kiilowatt second which is equal to the product of kilovolts, amperss, and seconds or 10°
kp.mAsas &

"Lead equivalent” mazns Fhe thickness of lead affording the same attenuation, undef specified
conditions, as the material in question. '

“Leakage radiation” mesns Riadiation emanating from the diagnostic source assembly except for:
(a) The useful beam and
(b) Ragdiation produced when the exposure switch ot timer is not dctivated.

"Leakage technigue factors” means "'_@ih‘e technigque factors assaciated with the tubé housing asseimnbly
that are used in measuring leakage radiation. They are defined as follows:

(a) For capacitor energy storage equipment, the maximum rated nurmber of exposures in an hour for

-apefation at the maxirium rated peak tube potential with the quantity of ¢harge per exposuie
being 10 millicouloimbs (mAs) or the minimum obtainable from the uilt, whichaver is larger,

{8)] For field emission equipment rated for pulsed operation, the maximum rated number of x-ray
pulses i an hour for operation at the maximum rated pezk tubie potential,

{¢) For all other equipment, the maximutn rated contintious tube current for the maximum rated
peak tube potential.

“Light field" maearis Tthat area of the E,ntefse'ctiqn of the fight bearm from the beam-limiting device and one
of the set of planes paralfel to and including the plarie of the image receptor, whose petimeter is the
lodus of points at which the illumination is one-fourth of the maximum in the intersection.:

{243 38) ‘Misadninistration” means Aan event that mests the criteria in 2000206148

{E8337)" Mobile equipment”. Ses “X-ray squipment”.

(FDEE Multipurpose radiographic equipment” means Agn xray machine designed or used for radiographic

examinations of more than ane part of the body, or one designed or used for both diagnosis and therapy.

$383{381"Normial operation” means Poperation under conditions suitable for collecting data as recommended by

{38){401"0Open beam x-ray equipment” miss

& manutacturer of the x-ray system. Recomnientled shielding and barriers shall be in place.

_ #an analytical x-ray producing device designed in'such a way that
the primary beam Is not completely enclosed by the tube housing-apparatus complex during normal
operation,

,%“thotlmér“ iieans. Aa method for timing radiation exposures to image receplors by the amount of
$8-7038 (July 2010) 4 RDA 1693
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radiation that reaches a sensitive photo tube behind the receptor and that provides a means for precisely
reproducing densities on these receplors,

{44)(42) ' Primary beam”. Ses “Useful bieam” as defined in Rule 4200-02-04-04 040

{423431"Peak tube potential’ means Tthe maximum value of the potential difference across the x-ray tube during
an exposure,

#3444V Partable equipment”. See "X-ray equipment”,

4430485 Position indicating device® (PID) means As device on dental x-ray equibment used to indicate the beam
position and to establish a definite source-surface {skin} distance. It may 6r may not incorporate or
serve as a beam-limiting device. '

{48){48) Protective apron” [reans fgpron made of radiation absorbing materials aquivatent to at least 0.25
millimeters of lead used to retuce radiatior.,

{48)(471 Protective glove” means g Sglove made of radiation absorbing materials equivalent t at least 0.25
milimeters.of lead used to reduce radiation exposure.

{7348 Qualified individual” rears Azn individual who has demonstrated to the satisfaction of the Division that
he possesses the knowledge and training to measure ionizing radiation, to evaluate saféty teshriques
and to advise regarding radiation protestion needs,

{483{48) Radiograph” means Aa permanent picture or image produced on a sensitive surface by a form of
radiation other than visible light.

{483{80)"Rating” msans Fihe operating limits as specified by the original component manufacturer.

B0IE1Y"Recording” means Prroducing a permanent form of an image resulting from x-ray photons {g.g., fitm,
video tape).

B4){52) Seattered radiation” magns Rradiation that, during passage through matter, has been deviated In
direction. It may also have been modified by a decrease in energy.

{62531 Shutter” megng Azn adjustable device, generally of lead, fixed to an -ray tube housing o intercept or
collimate the useful beam,

533547 Source” means Tihe focal spot of the x-ray tube.

%@@f_ﬁ“&oume image receptor distance” (SID} maans Tthe distance from the sourse to the center of the input
surface of the image receptor,

{BEVEGY Stationary equipment”. See “X-ray equipment’”.
H8){571"Stray radiation” sieans Tihe sum of leakage and scattered radiation.
@88 Technigue factors® means Tihe conditions of operation, They are specified as follows:

ta) For capacitor energy storage equipment, peak tube potential in kV and quantity of charge in
mAS,

) For field emission equipment rated for pulsed operation, peak tubs potentiat in KV and number of
x-ray pulses.

{c) For all other equipment, peak tube potential in kV and either tube current in mA and expasure
time in seconds, or the product of the tube current and exposure time in mAs.

(BB Total filter” means Fthe sum of the inherent and added fiters.,
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69(B0) Tube™ means Agn x-ray tube, unless othanwise specified:

BBy Tube housmg-apparatus cofriplex” mﬂhos& parts of an analytical x-ray device in which x-rays are
' produced and utilized.

{843{82)'Tube housing assembly® means Fihe tube housing with tube installed. It includes high-voltage and/or
“filament transformers and other appropriate elements when they are contained within the tube housing.

#43{53) Tube rating chart” means Tihe set of curves that specify the rated fimits of opetation-of the tubein terms
of the technlque factors.

{82384} Variable-aperture beam-limiing device" means_Ag beam limiting device that has capacity for stepless
adiustment of the x-ray field size at given SID.

£84){68]" Visible area” maans Tihat portion of the input surface of the image regeptor over which incident X-ray
photons are producing a visible image.

‘é@iﬁ}iﬁ@%:‘ay apparatus” mesns-Aany device for the produgction of x-rays. .

{B8)(B71"X-ray control” means Aa device that controls input power to the x-ray high-voltage generator andfor the
x-fay ube. Itincludes equipment that controls the technique factors of the x-ray exposure.

B8R X-ray squipment” means Aup x-ray syslem, subsystem, or componaent thereof.

{a) Mobile means x-ray eguipment mounted on a permanent base with wheels andfor casters for
moving while completely assemblad.

{b) Portable means x-ray equipment designed to be hand-carried.
{c) Stationary means x-ray equipment that is installed in a fixed location.

A{d) Transportable means x-ray equipment to be installed in a vehicie or that may be readily
disassembled for transport in a vehivle,

B88Y X-ray field” means Tihat area of the intersection of the useful beam and any ope of the set of planes
parallel to and mcludmg the plane of the image receptor whose perimeter is the locus of points at which
the exposure rate is one-fourth of the maximum in the intersection.

{BE{701 %-ray high-voltage generator" meang Aa device that transforms electrical engrgy from the potential
supplied by the x-ray control to the tube operating potential,. The device may dlso inchude direct current,
filament transformers for the x-ray tube(s) high-voltage swifches, electrical protective devices, and other
appropriate slements.

{26571 Xray gauge” means Aan x-ray producing device designed and manufactured for the purpose of
detecting, measuring, gauging, or controili'ng thickness, density, level, or interface focation.

BT Kray system” meatis Aan assemblage of components for the controlled production of x-rays. It
includes minima ly an x-ray high-voltage generator, an x-ray control, & tube housing assembly, a beam-
limiting device, and the necessary supporting struciures, Additional components that function with the
system are considered integral parts of the system.

(Z23{73)"X-ray subsystem” mggns Agny combmatson of two or more components of an x-ray system for which
there are requirements specified In this Chapler.

L7741 X-ray tube” mrigarn Aany elactron tube that Is designed for the conversion of electrical energy into x-ray
energy.

Authority: T.C.A. §§ 68-202-101 et seq,, 68-202-201 et seq. and 4-5-201 et seq.

200020604 (40020
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M

2

3)

{4)

(5)

{8)

M
(8)

)

No person shall make, sell, lease, lransfer, lend, repair, or install x-ray equipment or the supplies used in
connection with such equipment unless such supplies or equipment, when properly placed in operation
and properly used, will meet the requiraments of these ragulalions. This includes but is not limited to
such fems as cones, colliimators, filters, adequate timers, and fkuoroscupic shutters (where applicable).
Adso, such person shall be ragistered with the Division pursuant to 2200-02-40-24 Rule (400-20-10-24.

Unless otherwise specified, -each installation shall be provided w1th such primary barriers and/far
secondary barfiers as are necessary to assure comp!nance with 4260-0: Ride 0400-20-085-60,
: 558 0400-20:05- 55, 4206-62-06-5: 5-80 0400-20-05-50,

whtchever alles

No registrant shall ‘operate or permit the operation of x-ray equiprment unless the equipment and
installation meeis the requirements of these régulations.

The registrant shall assure that all x-ray apparatus under his confrol is .operated only by individuals
Instructed in safe opetating procedures and competent in safe use Of the apparatus. -

Except for medical and dehtal units, no x-ray apparatus shall be left unatiended or unsecured unless the
control switch is turned “off,” the power to the control switeh disconnected, of the room, x-ray apparatus,
or area housing the x-ray apparatus is locked.

Fitm developrrient procedures recommended by the film manufacturer or other tesléd procedures shall
be followed, which will insure maximum information content of the processed film with miniraum radiation
exposure. Except where. automatic processors aré used, it is required that an operable timer and
thermometer ba available and used for darkroom procedures. Darkrooms shall he light tight and shall
contain safelights designed for the film being used.

The sffectivenass of pratestive equipment shall not be impaired.

X-ray produsing devices and associated equipment shall be mainitained i such a condition as to enswre
that the patient and attendanls are not éxposed 1o radiatlon unnecessarily,

The Division may walve compliance with the specific requirements of this Rule for an éxisting x-ray
apparatus or installation if:

{(a) Such compliance would requite replacement or substanilal modification of the x-ray apparatus or
installation; and,

() The registrant demohstrates, to the Division's satisfaction, achieverfient through other méans, of
radiation protection éguivalent to that required by thesé ragulations.

Authority: T.C.A. §§ 68-202-101 ¢t seq., 68:202-201 &t seq. and 4-5-201 et seq,

1200-02-08-06  (400-20-06-.08 Medical X-Ray Installations.

{13 Therapetitic x-ray installations.
@) Retuirements for equipment and facility;
1. The tube housing shall be of the therapeulic type.
2. Adjustable beam fimiting diaphragms, cones, ‘or fixed diaphragms shall be provided to
collimate the useful beam to the area under fraatment.
3 Fixed diaphiragts of cones used to collimate the useful beam shall be so.constructed as
to provids the same degree of protection as the tube housing.
4, Adjustable bearn limiting diaphragm or cones shall not transmit inore than § percent of
the useful beam at the maximuim kilovoltage artd with the maximum treatment filter.
88-7039 (July 2010) 7 RDA 1693
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10.

11.

12.

13.

14.

15.

The radiation escaping through the filter slots shall not exceed an exposure rate of 1
Rihr at a distance of 1 meter or if the radiation from the slot is accessible to the patient,
30 R/hr at & centimeters from the external opening. Each removable filter shall be
marked with its thickness and material.

The x-ray tube shall be secured so that it cannot move in respect to the aperture. A
mark on the housing shall show the location of the focal spot.

A device shall be provided to immobilize the tube housing during stationary portal
treatment.

A device shall be provided to terminate the exposure automatically after a preset time
interval or preset exposure or dose limit. Means shall be provided for the operator to
terminate the exposure at any time.

A filter indicator system shall be used on all therapy x-ray apparstus using changeable
filters, it shail indicate from the control panel the presence or absence of any filter and it
shall be designed to permit recognition of the filter in place. Color coded filters that are
visible from the control panel qualify as an adequate indicator system,

interlocks shall be provided so that when any door of the treatment room is opened
either the x-ray apparatus will shut off automatically or the radiation exposure level
within the room will be reduced 1o an average of not more than 2 milliroentgens per hour
and an maximum of 10 milliroentgens per hour at a distance of 1 meter in any direction
from the targel. After such shut-off or reduction in output it shalt be possible to restore
the x-ray apparatug to full operation only from the control panel. For eguipment
operating at or below 80 kVp interlocks are not required.

The treatment room shali be so constructed that persons within the room may at all
times be able to escape.

A visible signal which is actuated during the time x-rays are being generated shall be
located outside and near each door to the treatment room.

There shall be on the control panel a device which indicates to the operator whether or
not the tube is energized.

In the therapeutic use of x-ray apparatus constructed with windows of betyllium, or other
material having an aluminum equivalent half-value layer less than 0.5 millimeter, the
registrant shall use extreme care to insure that the unfiltered radiation reaches only that
area of the patient intended and that the beam port is blocked at all times except when
actually being used.

For contact therapy apparatus, the leakage radiation exposure at 5 cenfimeters from the
surface of the tube housing shall not exceed 100 milliroenigens per hour.

b) Conditions of oparation:

1.

$S-7039 (July 2010)

The output of each therapeutic x-ray apparatus shall be calibrated by a qualified
individual. The calibration shafl be repeated after any change in or replacement of
componenis of the x-ray generating equipment that could cause a change in x-ray
output. Check calibrations shall be made at least once a year thereafter. Records of all
calibrations shall be maintained by the registrant for inspection by the Division,

When a patient must be held in position for radiation therapy, mechanical supporting or
restraining devices shall be used whenever feasible. If the patient must be held by an
individual, the individual shall wear a protective apron and he shall be positioned so that
no part of his body will be stiuck by the useful beam and his body s as far as possible
from the edge of the useful beam and his exposure shall be monitored and a record of
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such monitoring maintained for inspection by the Division. No pregiant women or
persons under 18 years of age shall be used for this purpose.

3 Both the. palient and control pane! shall be under observation by the operator during
patient irradiation,

4, All new instaflations and existing installations not previously surveyed shall have a
radiation survey made by a qualified individual or registered- inspector for the applicable
class of x-ray unit. This shall be done after any change in the installation that might
produce radlation levels It excsss of those permitted by these regulations.
Inadequagcies found during the survey shall be corrected. A record of these surveys
shall be kept on file for inspection by the Division.

=g

Lead rubber, lsad foil, or any other material used for limiting the treatment field shall
transmit hot morg than fiwe 5 percent of the useful beam as measured when the
maximurn treatment filter for which the x-ray unit has been calibrated is in place.

8. Provision shall be miade for oral communication with the patient from the control area,
7. No one other than fhe patient shall be n treatment room during freatment except as
allowed in 4284 : > ot except that for equipment

operating at or be]ow 80 kthhe oparator and other persons may ba permilted in the
room during treatment provided that all such persons utilize protective aprons or their
equivalent.

{2) Medical diagnestic x-ray installations.
{a) General requirements. Equipment;

1, The primary beam shall not be larger than clinically necessary. Cones, diaphragms, or
adjustable collimaiors capable of restricing the primary beam to the area of clinical
intgrest or an area within the fimits imposed by the ivliowing conditions, whichever area
is smaller, shall be used. The x-ay field size in the. plane of the image receptor,
whether controlled by cones, diaphragms, or adjustable ¢oliimators shall be such that
neither the length nor the width of the x-ray field exceeds that of the image receplor by
greater than 3 percent of the source-image receptor distance (81D) and that the sum of
the langth and width excesses be no greafer ihan 4 perocent of the SID when the
aquipment indicates thal the beam axis is perpendicular 1o the place of the image
receptor’. Cones, diaphragms, or adjustable collimators used to restrict the primary
bearn shalt provide the same degree of protection as is required in the tubs housing,

2, {i} Except when contraindicated for a particular diagnostic procedure, the
aluminum equivalent of the fotal filtration (inhérent plus added) in the useful
beam shall not be less than that shown in Table RHS 3-1.

Table RHS 3«1 FILTRATION REQUIRED VS. OPERATING VOLTAGE

Operaling Total filtration (millimeters)
voltage {kKVp) Al equivalent
Below 50 0.5
60 - 70 1.5
Above 70 25
{iH) if the thickness of the filtér in the x-ray apparatus cannot be determined visually

-or the total fitration Is unknown, it may be assumed that the requirements of

® For purposes of these reguations the length and witth measuraments will bie made tough the center of the %-ray fisld. The lengh

reasurement will be made at an angle of 90 degrees to the width measurement, Thus for clrcular beatns the length and widlh wilt be
equal to the diameter.
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Fhtad syboart (1) of this Rule pard are met if the half-value layer is not less than
that shiown in Table RHS 3-2,

Table RHS 3-2 HALF-VALUE LAYER V3. OPERATING VOLTAGE

Deslgn operating Measured Half-valie fayer
range {kHovolis potential {millimetars of
peak) (kVp) kv aluminuri

Balow 50 30 0.3

40 0.4

49 0.5
50to 70 50 1.2

60 1.3

70 1.5
Above 70 71 2.1

80 23

a0 2.5

100 2.7

110 30

120 32

180 35

140 38

150 4.1

{ifi} For capacitor energy storage equipment, compliance shall be determined with
the mayimum quantity of charge per exposiire,

{iv) For fluoroscopic equipment, the HVL measurement shall inghigle the filtration
contributed by the tablsfop if the tabletop.is placed perimanenily between the
patient and the sourge.

The x-ray Wube housing shall be of diggnostic type,

The leakage radintion from the diagnostic source assembly measured 4t g distance of 1
meter in any direction from the source shall nol axcesd 100 milivoenigens in 1 howr
when the x-ray lube is operated at iis leakage technique factors, Compliancs shall be
detenvined by measurements averaged over an areg of 100 squere cénflineters with no
finear dimension greater than 20 centimeters.

Tha radiation emilted by 2 component other than the diagnostic sowce assembly shall
not exceed 2 milliroentgens in 1 hour at 5 centimelers from any accessible surface of
the component when it is operated Ih an assemblad x-ray system under any conditions
for which it was designed. Compliance shall be determinad by measurements averaged
over an area of 100 square centimeters with no linear dimension greater than 20
centimaters.

Hand or head held fluoroscopic soreens shall not be used,

Machines aquipped with beryllium window x-ray tubes shall contain keved filter inferlock
switches in the tube housing that activale a device on the control panel that indicates the
added filtar in the usefd beam if the total fiftration permanently in the useful beam is less
than 0.5 millimeter aluminum eguivalent. The tolal filiration permanently in the useful
beam shall be indicated on the tube housing.

Beryllium window x-ray tubss shall not be used on muiti—giwpose radiogmphic
equlpmant,

On battery-powered generalors, visual means shall be provided on the control pane! to
indicate whather the battery is In a state of charge adequate for propar operation..
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10.

i1
12,

3.

14,

On installations made after March 1, 1978, where two or more tubes are controfied by
one exposiyte switch, the tube or tubes that have been selected shall he clearly
indicated prior to initiation of the exposure. This indication shall be both on the x-ray
gontrel and at of near the tube housing assembly that has been selected,

{Reserved)

Tube housing assemblies shall be equipped with a means to assure mechanical support
of the housing during exposures without drift or vibration.

Where cones or digphragms are used as beam Imifing devicss, sach such device shall
have clear and permanent markings to indicate the image receptor size and 31D for
which if is designed.

In addition to other appiicable reguirements of this Chapler, diagnostic x-ray equipment
cerdified under the Federal standsrds promulgated by the Depariment of Health and
Huiman Services, in the Federal Register shall meet the following requirements:.

0] Each registrant shall retaln, and shall present to the Division for examination

when requested, all information provided by the manufacturer {o the purchaser
in accordance with the requirements of the applicable Federal standard and
shall transfer this information to the subsaquent owner of the equipment. See
Bule 8400-20.08- 08, APPENDIX A-Ehaplerd20B00.06

{I Each registrant should keep a record of ali maintenance and modifications
parformed on each diagnostic x-ray system contalning any comiponents certified
under the applicable Federal standard during the perod it is under his control,
and, If kept, shall be transferred to the subsequent owner of the equipment,

() No devigtion from the requirements of these regulations will be considered a
violation of these reguiations if such deviation s permitted by & variance granted
by the Food and Urug Administration, Depariment of Health and Human
Servives, or by a regulation promulgated pursuant to Public Law 90-602.

{b) General requirements. Operation of equipment:

1.

88-7039 (July 2010)

Patient or film holding

(i} Except where cfinically contraindicated, restraining devices or mechanical
supporting devices shall be used.

i No person under sightesn {18} years of age and no pregnant wameh shall be
used.

{ii)) No individual shall be used on a consistent of routing basis.

{v) Prolective gloves and aprons with at least 8,25 millimeters of lead equivalency
shall be provided and.their use required of each person used for this purpose,

(v} No part of the body of the person ulilized for this purpose shall be in the primary
heam unless profected by 0.5 millimeder of lead equivalent matetial.

(vi) if ocwﬁaiimaily exposed persons are utilized thelr exposure shall be monflored,
Gonadal protection, by use of gonadal shields, shall be provided and used for patients
wht have not passad the reproductive age, during sach radiographic procedure in which
the gonads are in the useful beam or proximate thereto, except for those cases in which

the shield would interfers with the diagnostic procedure. The protection provided shall
be at least equivatent ko 0.25 millimeters of lead.
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Other than the patient being examined no ohe will be allowed in the room during the
radiographic exposure unless;

o The location of all individuals in the room shall be such that no part of the body
including the extremities not protected by 0.5 millimeter lead equivalent will be
struck by the useful beam,

{in Staff and ancillary personnel shall be protected from the direct scatter radiation
by protective aprons or whole body protective barriers of not !ess than 0.25
millimeters jead equwaient .

{iil} Dthar pahenls in the room shall be protected from the direct scatter radiation by
whole body protective barriers of 0.25 milimeters lead equivalent or shall be so
positioned that the nearest portion of the body is at least dwo 2 meters from both
the tube head and the nearest edge of the image receptor,

{o) Radiagraphic Installations {includes photofluorographic units)

,,L

§5-7039 (July 2010)

The operator shall be able to see the palient-and the control panel at aff times during an
exposure.

Radlographic equipment equipped with adjustable. colfimators shall contain light
tocalizers that defina the entire x-ray field. The size of the light field in the plane of the
image receptor shall be such that ho dimension of the ltghi field differs from that of the -
ray field by greater than twe 2 percent of the SID when the equipment indicates that the
beam axis is perpendicular to the. plane of the image receptor. The center of the light
field shall be aligned with the center of the x-ray field to within we 2 percent of the SiD
when the equipment indicates that the beam axis perpendicular to the plane onto which
the x-ray and light fields are projected. See 1200-02-08-85 want (2)(al of this rule for
definition of length and width. The collimator shall also be equipped with a field size
indicator that indicates numerically the dimensions of the x-ray field at the saurse-image
receptor distances (SIDs) for which it is designed. Such numerisal indication shall nat
deviate from the actual dimensions of the x-ray field at the SID by more than #we 2
percent of the SID when the equipment indicates that the axis of the beam is
perpendicular to the plane of the Image receptor. For equipment utilized in a manner
that precludes the necessity of numerical indicators they shall not be required.

(Reservad)
Radiographic equipment desighed for only one image receptor size at a fixed SID shall
be provided with means to limit the field at the plane of the image receptor to
dimenslons no greater than those of the image receptor, -and to aligh the center of the x-
ray field with the center of the image receptor to within bwes 2 percent of theSID.
Radiation Exposure Control Devices.
{i) Timers
Means shall be provided to terminate the exposure at a preset time interval,
preset product of current and time, a preset riumber of pulses, or a preset
radiation-éxposure to the imags receptor. }

{H Termination of exposure shall cause automatic resetting of the timer to
R its initial setting or to zera.

m It shall not be possible to make an exposure when the timer is setto a
zero or off position if either position is provided. :

(i} X-Ray Control
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(i)

{iv)

W)

{

()

A control shall be incorporated into each xray system such that an
exposure can be terminated at any time except for:

L Exposure of one-half second or less, or

iL. During .serial radiography when means shall be provided to
permit completion of any single exposure of the serles in
PrOCEsSS,

Each x-ray confrel shall be located in such a way as to meet the
following criteria;

l. For stationary x-ray systems, the control shall be permanently
mounted in a protected area so that the operator is required to
rernain in that protected area during the entite exposure; or

H. For mobile and portable x-ray systems, a method of control
shall be provided that will permit the operator to stand at least 2
meters from the patient, primary beam, and tube head
assembly,

Automatic Exposure Controis (Photolimers), When an automatic exposure
control is provided:

)

(i

{

(V)

W)

A device shall be on the control panel that indicates when this mode of
Speration is selected;

When -the x-ray tube potential is equal to or greater than 50 kVp, the
minimum exposure time for flsld emilssion equiprment rated for pulsed
opstation shall be equal to or less than a timie interval equivalent to fwe
£ pulses;

The minimum exposure time for all other equipment shall e equal to or
less than 1/60 second or a time interval requtred 1o deliver 5 mAs,
whichever is gréater;

Either the product of peak x-ray tube polential, current, and exposure
time shall be limited to not more than 60 KWs per exposure or the
product of x-ray tube current and exposurs time shalt be limited o not
mare than 800 mAs per exposure except when the x-ray tube potential
is less than 50 kVp inwhich case the product of x-ray tube current and
axposure time shall be limited to not more than 2000 mAs per exposure;
and

A visible signal shall indicate when an exposure has been terminated at
the limits desdéribed in famm (IV) of this subpart, and manual resetting
shall be requirad before further automatically timed exposures can be
made.

The exposure shalf be reproducible. When four 4 exposures are made at

identical technigque faclors the value of the average exposure (Ey shall be

greater than or equal to 5 times the difference between the maximum exposure
{Emax) and the minimum exposure (Eqy), i.8.,

Ex 5 (€ - Eqin):

The timer shall be reproducible. When feur 4 timer tests are performed with a

fimer sefting of 0.5 seconds or less, the average time period (1) shall be
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greater than or equal to 5 times the difference between the maximum period
(Tmax) and the minimum period (T, i.e.,

T2 5 (Tmax - Toin).

Radiation emitted from the x-ray tube of Capacitor Energy Storage Equipment when the
exposure swilch or timer is not aclivated shail not exceed a rate of 2 milliroentgens per
hour at 5 centimeters from any accessible surface of the diagnostic source assembly,
with the beam-limiting device fully open.

For stationary general purpose X-ray systems means shall be provided to indicate when
the axis of the x-ray beam is perpendicular to the plane of the image receptor, to align
the center of the x-ray field with respect to the center of the image receptor to within 2
percent of the SiD, and to indicate the SID to within 2 percent.

{d) Fiuoroscopic installations

1.

The source to skin distance shall not be less than 30.5 centimeters on stationary
equipment installed or reinstailed before July 1, 1972, and shall not be iess than 38
centimeters oh stationary equipment installed or reinstalled thereafter. The source to
skin distance shall not be less than 30.5 centimeters on all mobile fluoroscopes. For
image intensified flucroscopes used for spacific surgicat applications a source to skin
distance of 20 centimeters will be allowed provided the user's operating procedures
indicate precautionary measures to be adhered to during this device’s use and provided
that these precautionary measures are followed by the registrant or his representative.

Equipment shall be so constructed that the entire cross-section of the useful beam is
attenuated by a primary barrier permanently incorporated into the equipment. The tube
mounting and the barrier shail be so linked together that the barrier always intercepts
the beam. This barrier is usually the viewing device, either a conventional flucroscopic
screen or an image intensification mechanism.

The required lead equivalent of the primary barrier shall be at least 1.5 millimeters for
100 kVp, 1.8 millimeters for 125 kVp, and 2.0 millimelers for 150 kVp. This requirement
may be assumed {o have been met if the exposure rate due to ransimission through the
barrier with the attenuation block in the useful beam combined with radiation from the
image intensifier, if provided, does not exceed 2 millircentgens per hour at 10
centimeters from any accessible surface of the flucroscopic imaging assembly beyond
the L‘plane of the image receptor for each roentgen per minute of entrance exposure
rate”™,

Collimators shall be provided to restrict the size of the useful heam to less than the area
of the primary barrier. For conventional fluoroscopes, this requirement is met if, when
the adjustable diaphragm is opened to its fullest extent, an unilluminated margin is left
on the flucrescent screen with the screen properly centered in the bsam at a distance of
38 centimeters from the panel or tabletop. Collimators shall provide the same degree of
protection as is required in the x-ray tube housing. For image intensifiers, the useful
heam shall be centered on the input phosphor within + 2 percent of the SID and during
fluoroscopy or cine-recarding it should not exceed the diameter of the input phosphor.
Means shall be provided by stepless adjustment to reduce the x-ray field size to 5 by §
centimeters or less at the maximum SiD,

Compliance with this parl will be determined as follows:

1. The exposure rate due to transmission Ihréugh the primary barrler comblined with radiation through the image intensifier shall be
determined by measuremants averaged over an area of 100 square cenlimeters with no linear dimension greater than 20 centimelers.

2. If the source is below the tabletop, the messurement shall ba made with the input suace of the fluoroscople Imaging assembly
positioned 30 centimelers above the tabletop.

3. Ifthe source is above the tabletop and the S is variable, the measurement shall be made wills ghe end of the beam-limiling device or
spacer as close to the abletop as it can be placed, provided that it shall not be closer than 30 centimeters.,

$S-7039 (July 2010)
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10.

11

12.

13

$5-7038 (July 2010)

subparagragh for information on measuring exposure rate‘

For fluoroscopy, the radiation exposure as measured at the minimum target to skin
distance shall be as low as praclicable and shall not exceed fs 10 roentgens per
minule except where clinically indicated. In cine-radiography, the gxposure rates to
which patients are normally subjected shall be determined periodically. An adequate
period for such measurement shall ba annually or after any ch:-mge m the system that
might affect the exposure rate. Spe 328 L0 #y N B

The registrant shall provide protective aprons, and shall require thelr use by the
physiclan, nurse, lechniclan, and for all other persons within the fluoroscopic oo,
axcapt the patient,

The registrant shall provide protective gloves, and shall require their use by the
fluoroscopist during any procedure in which the fluoroscopist may be required to
approach the primary bearn with his hand or hands.

Conventional fluoroscopic screens shall not be used with mobile fluoroscopic
eguipment, Image intensification shall always be provided, and i the absence of a
{able top or panel, a cone or spacer frame shall imit the target to skin distance to not
less than 30.5 centimeters,

X-ray production in the flucroscopic mode shall be confrolled by a device that requires
conlinuous pressure by the fluoroscopist for the entire time of any exposire. When
recording serial fluorosconic images, the fluoroscopist shall be able 1o terminate the x-
ray exposure(s) at any time, but means may be provided o permit completion of any
single exposure of the series in pracess.

A cumulative timing device aclualed by the exposire swilch shall be used that will
indicate elapsed exposure Hme by either interrupting the production of s-rays or by
emitiing & continuous audible warning signal when the tolal exposure time excesds a
pre-datermined limit not exceading five 5 minutes in one or a serles of expostires.

Fluoroscopic table designs when combined with procedures ufiiized shall be such that
ne part of any staff or ancillary person's body shall be exposed to unatfenuated direct
scatfered radialion that originates from under the table. The attenuation required shall
be at least aquivalent 1o that of 0.25 millimeters of lead.

Equipment configuration when comblned with procedures shall be such that no portion
of any staff or ancillary persdn's body except the exiremilins shall be exposed to the
unsttenugted direct scatler radiation emanating from above the table top unless that
individual is at least iwe 2 meters from the center of the useful beam. This requirement
cannot be met only by wearing a prolective apron.  Exceplions o this requirement may
be made in some special procedures. The attenuation required here shall be at least
equivalent o that of 0.26 millimeters of lead, (e.g., drapes, folding panel, or self
stpporting curtalng),

Additional requirements applicable to certified systems only.

H The exposure rate measured at the point where the center of the useful beam
enters the palient shall not exceed s 10 roenfgens per minute for syuipment
incorporating aulomatic exposure control or five B roentgens per minute for
equipment not incorporaling automatic exposure control except during recording
of fluoroscopic images or when provided with oplional high level contrel. When
provided with optional high level contrel, the equipmenit shall not be operable at
any combination of tube potential and current that will result In an exposure rate
ity excess of v B roonigens per minute at the point where the center of the
useful beam enters the patient unless the high fevel control is activated,

{t) Special means of activation of high level sontfols, such as additional
prassure applied continuously by the operator; shall be required to
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avoid accidental use.

(5 A continuous signal audible to the fRuoroscopist shall indicate that the
high level control is being employed.*

(i For image intensified fluoroscopy, neither the length nor the width of the x-ray
fisld in the plane of the image receptor shall excesd the visible area of the
ithage receptor by more than thres 3 percent of the SID, The sum of the excess
tength and the excess widih shall be no greater than feur 4 percent of the SID.
Compliance shall be determined with the beam-axis perpendicular to the image
receptor. For rectangular x-ray fields used with circular image reception, the
grror in -alignment shall be determined along wilh the length and width
dimensions of the x-ray field that pass through the center of the visible area of
the image receptor.

(i) For spot filming, in addition to offier requirements of this sectior;

[6)] Means shall be provided befween the source and the patient for
adjusiment of the x:ray field size in the plane of the film to the size of
that portion of the film that has been selected on the spot-film selector.
Such adjustment shall be automatically accomplished exeapt when the
¥-ray field size in the plane of the film ig smaller than that of the selected
portion of the film,

(i it shall be possible to adjust the x-ray fleld size in the plane of the film to
a size smaller than the selected portion of the film. The minimumm at the
greatest SID shall be equal to or less than 8 by 5 centimeters.

(W} The center of the x-ray field in the plane of {he film shall be aligned with
i the center of the selected portion of the fiim to within 2 percent of the
SID.

(v During flucroscepy and cine-fluorography, x-ray tube potential and current shall
be continuously indicated.

§ {3) Denital radiographic installations

(&) Extra-oral dental radiographic equipment shall be considered medical radiographic equipment
for the purposes of these regulations.

(by A device shall be used for collimating the primary beam and shail provide the same degree of
protection as the tube housing. For intra-oral radiography, the primary beam, as measured at
the point where it sirikes the patient’s face, shall be as small as clinically possible and not more
than 7.6 centimeters in diameter. Collimating devices designed fo provide rectangular
collimation of tha primary beam to the size of the dental film should be considered for 1se when
practicable.

{¢) X-ray apparatus designed for intra-oral radiographic use shail be provided with means to limit
the target to skin distance to nol less than 18 centimelers if opsrable above 50 kVp or 10
cenfimeters if not operable above 50 kVp.

1 Compliancs with this itsm shall ba delemined as follows: » ‘

For 4l meatofemerts, the attenuation black with /8 inches lead sheet shall be placed i the useful beam bétwesn the point of

measurement of the eptrance exposure rale-and the input swiface of the fusroscopic Imaging asserbly. Baliem surface of the

blogk shall be al least 10 centimetars from the poini of measurement of the entrance-exposure rats;

Movabla-gridg and cormprassion devices shall be removed fron the useful beam during the megsurament,

If the source 15 below the table, exposure rate shall be maasured 1 centimeter above the tabletop orcradie. .

If the source is above the table, the exposure rate shall be measured at-30 centinieters abive the tabletop with the end of the

beanrliraiting devige o spacer gositioned as closely as possible lo the point of measurement, _ o
6. In a G-arm type of fluoroscope, te exposiire rale shall be measured 30 céntimetars from the Tnput surface of the fluoroscapic

imagiing assembly. | o
§8-7038 {July 2010) 18 RDA 1693
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{d)

{e) Means shall be provided to terminate the exposure at a preset time interval, preset product of
current and time, a preset number of puises, or 3 preset radiation exposure to the image
receptar. ‘ ' '

1. The exposure shall be reproducible. When feiuf 4 exposires are made at identical ~
technigue factors the valus of the average exposure (E ) shall be greater than or-equal
to 5 times the difference between the maximuwn exposure {E..} and the minimum
exposure (Epyp), i8.,

E 2 8 {Epux - Enia).

2. When a timer-is provided it:

)] Shall terminzte the exposure after a preset time. This preset time shalf be only
that time necessary for a single exposure.

(i) Shall be reproducible, When four 4 timer fests are Eerformed with a timer
setting of 0.5 seconds or less, the average time period { T shall be greater than
or equal to 5 times the difference between the maximum period {Tue) and the
minimum period (T, L2,

T 25 (Tmax - Tmin)-

{f X-ray control (exposure switch)

- 1. A control shall be incorporated nto each x-ray systeim such that an exposure can be
terminated at any time, except for exposures of one-healf sacond or less, A dead-man
type control is preferred.

2. Thig control shall cause .an exposure only if the timer of aiitomatic exposure control has
been preset.

3. During serial radiography, the opsrator shall be able to terminate the x-ray exposuire(s)
at any tima, but meaiis may be provided to permit completion of any single exposure of
the series in progress.

{g) Neithei the tube housing nor the Position Indicating Device may be hand held during an
exposure. '

h} The film shall be held by ain appropriale davice of by ihe patient when an x-ray is made, or If
riecessary, by some other person not occupationally exposed fo radiation. The fastest dental
fiim available should be used. ‘

{i) Fluorgseopic screans shall not be used.

(i Filtration
1. Except when contraindicater for @ particular diagnostic provedure, the aluminum

equivalent of the total filtration {intierent plus added) in the useful beam shail not be less

than that shiown in Table RHS 3-3.

Table RHS 3-3 FILTRATION REQUIRED VS. OPERATING VOLTAGE
5S-7030 (July 2010} 17 RDA 1683

No one except the patient should be in the room when x-fay exposures are rmade. If for some
teason it is necessary for operating personnel to be in the room with the patient during
exposures, an exposure cord shall be provided that is sufficiently long to permit operating
personnel to stand at least 2 meters from the patient and the tube head and in an area of
minimal exposure to scattered and leakage radiation and outside of the primary beam.
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Operaling Total filtration (millimeters

voltage (kvp) Al eguivalent)
Bélow 50 0.5
60-70 1.5
Above 70 25
2 I the thickness of the filter iri the x-ray apparatus cannot be detéermined visually or the

fotal filtration is unknown, it may be assumed that the requirements of L83 pggt 4 of this
Hule sibparaciash are it if the half-value is not less than that shown i Table RHS 3-
4,

Table RHS 3-4 HALF-VALUE LAYER VS. OPERATING VOLTAGE

Design operating Measured Half-value layer
range (kilovolts poteritial {millimelers of
peak) (kVp) (kv Al gquivalent)
Relow 50 : 30 0.3

40 0.4

49 0.5
50to 70 50 1.2

80 1.3

70 1.6
Above 70 71 24

80 2.3

90 25

100 2.7

110 3.0

120 32

130 3.5

140 3.8

180 4.1

3 For capacitor energy storage equipment, compliance shall be déterinined with the

maximurm quaitity of charge per exposute.
(k) The x-ray tube housing_ shall be of the diagnostic type.

(] The leakage radiation from the diagnostic source agsembly measured at a distarice of 1 mater in
any direction from the source shall not exceed 100 millirosntpgens in 1 hour whanh the x-ray tube
is operated at its leakage technigue factors. Compliance shall be determined by measurements
averaged over an area of 100 stuare céntimeters with no linear dimension greater than 20
geritimeters.

(m}  The radiation emitted by & componént other than the diagnostic source assembly shall not
exceed 2 mallsroentgens in 1 hour at 5 centimeters from any accessible surface of the component
wheri it is operdted In an assembled X-ray system under any conditions for which it was
designed. Compliance shall be dstermined by measurements averaged over an ared of 100
sguare centimelers with no linear dirension greater than 20 centimeters.

{n) Where o £ or more tubes are controlled by one exposure swifch, the tube or tubes that have
been salectad shall be clearly indicated prior to inifiation of the exposure. This indication shall
be both on the x-ray control and at or near the tube housing assembly that has been selected.

) (Resetved)

{m Tube holising assemblies shall be equipped with & means to assure mechanical support of the

$8-7039 (July 2010} 18 RDA 1683
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housing during exposures without drift or vibration.

o)) In-addition to other applicable requirements of this Chapter, diagnostic x-ray equipment certified
under the Federal Standards promulgated by the Department of Heaith and Human Services in
ithe Federal Regisier shall meet the following requirements;

1.

Each registrant shall retain, and shall present 1o the Division for examination when
requested, all informalion provided by the manufacturer to the purchaser in accordance
with the requirements of the .applicabile Federal standard and shall transfer this

infarmation to the subsequsnt owner of the equipment. See Fule 0400-20-08-08,
APPENDIX A-Ghapler4200-62-08.

Each registrant shall keep a record of all maintenance and maodifications performed on
each diagnostic x-ray systermn containing any components certified under the applicable
Federal standard during the period it is under his control, and transfer to the subsequent
owner of the equipment.

No deviation from the requirements of these reguiations will be considered a violation of
these regulations If such deviation is permitted by a variance granted by the Food and
Drug Administration, Department of Health and Human Services, or by a regulation
promulgated pursuant to Public Law 90-602.

Radiographic systems designed for use with an infra-oral image receptor shall be
pravided with means to limit the %-ray beam such that:

(i) if the minimum source to skin distance (SSD) is 18 centimeters or more, the x-
ray field shall be containable in a circle having a diameter of no more. than 7
centimeters; and

{iy if the minimum 88D is less than 18 centimeters, the x-ray field at the minimum
85D shall be containable in a clrcle have a diameler of no more than 8
centimeters,

Notwithstanding {33 subparsgraph {j) of this Rude pagggraph all dental x-ray systems
manufactured on or after December 1, 1980, shall have a minimum half-value layer not
less than 1.5 millimeters afuminum equivalent.

Authority: T.C.A. §§ 68-202-101 et seq, and 4-5-201 et seq.

§400-20-08- 08 Veterinary X-Ray Installations.

(13 General requirements,

{a) Equipment

1.

$8-7039 (July 2010)

The primary beam for diagnostic purposes in radiography and flucroscopy sball not be
larger than clinically necessary. Cones, diaphragms, 6r adjustable collimators capable
of restricting the primary beam. to the area of clinical interest shall be used and shall
provide the same degree-of protection as (s required in the tube housing. See 426002
DB-48 parts (2)(@)1 and 13 and $200-02-06-06 (2)(c)2 and 7 gf Rule (460-20-D6- 05 for
miinimum acceptable criteria for cones, diaphragms, of adjustable collmators.

Filtration

{iy The aluminum equwalent of the total filbration. (inherent plus added),
' patmanently in the useful beam shall not be less than that shown in Table RHS

3-1.
{ii) If the thickness of the filler in the x-ray apparatus cannot be determined visually
or the total filtration i$ unknown, it may be assumed that the requirements of

19 RDA 1893
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8,

$hak? gubpast (1) of this Buds pard are met if the hailfvalue layer is nol less than
that shown in Table RHE 3-2.

The x-ray fuba housing shall be of diagnostic typs.

The effectiveness of protective eguipment shall not be impaired.

A timer shall be provided that will terminate the exposure after a preset ime.

The exposure swilch shall ba of a dead-man fype.

if the operalor is required (0 be in the room during exposures, the registrant shall require
the operator to stand at least 2 meters from the animal for all exposures and outside the

primary baam,

Hand or head hald fiuorescopic screens shall not be usad.

(%) Operation of equipment

1.

Andmat or film holding.

(i Except where clinically contraindicated resiralning devices or mechanical
supporting devices shall be used. :

{i No individual under sightess 18 years of age and no pregnant women will be
used,

{ii) No individual shall be used on a consislent or rowtine basis,

- {iv} Protective gloves and aprons with af least 0.25 milimeter of lead aquivalency

shall be provided and thelr use required of each individual used for this purpose.

(v No part of the body of the individuat utilized, for this prpose shall be in the
primary beam unless protected by 0.5 millimeter lead equivalent material.

(vil  If occupationally exposed persons are utilized their exposura shall be monitored
with the monltoring device place on the coliar outside the leaded anron,

(vily A retord shall be maintainad listing the name of the individual holding the film or
animal and shall include the date of the examination and it shall be possible to
deteriine the procedurs for which the animal or film was heid,

{2} Specific requirements

=) {Ressrved

{b) Fluorescopic instalations

1.
2

4
§8-7039 (July 2010)

Target fo tabletop distance shall not be less than 305 centimeters.

Enuipment Inslalled or meinsialied afler July 1, 1972, shall he so constructed that the
enlire cross-section of tha useful beam is attenuated by a primary barrier permanertly
incorporated Info the equipment. The tube mounting and the bartier shall be so linked
together that the barrier always intercepts the beam. This barder is usually the viewing
device, either a ponventional fiuoroscopic sereen or an image Intensification mechanism.

The required lead equivalent of the primary barrier shall be at least 1.5 mifimeters for
100 kVp, 1.8 millimeters for 125 kVp, and 2.0 millimeters for 160 kvp. -

Gollimators shall be provided to restrict the size of the useful beam to less than the area
20 RDA 1693
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of the primary barrder. For conventional fluoroscopes, this requirement is met if, when
the adjustable diaphragm is opened to its fullest extent, an unilluminated margin is left
on the fluorescent screen with the screen properly centerad in the beam at a distence of
38 centimeters from the panel or fabletop. For image intensifiers, the useful beam shall
be cenltersd on the input phosphor and during flucrescopy of cinewecording it should not
exceed the diameter of the inpui phosphor,

8. For fluoroscopy, the radiation exposure as measured at the minimum target to skin
distance shall be as low as practicable and shall not exceed 10 roentgens per minute
except when clinically indicated.

8, The registrant shall provide and require the use of a curtain of 0.25 millimeter lead
aquivalert that will hang from the sereen and betwesn the animal and flucroscopist In
hoth horizontal and vertical fuoroscopy, but it shall not substitute for the. wearing of a
protective apron,

7. The registrant shall provide protective aprons, and shall require thelr use by the
veterinarian, assistant and for all olher persons within the fuorogconic reom.

8 The registrant shaill provide proteclive gloves, and shall require thelr use by the
flucroscoplst during any examination in which the fluoroscopist may be required io
approach the primary beam with his hand or hands.

9, Conventional fluoroscopic screens shall not be used with moblle fuoroscopic
sguipment, Image intensification shall always be provided, and in the absence of a
table top or panel, a cone ot spacer frame shall limit the target lo skin distance to not
less than 30.5 centimeters.

10. A shielding device of at least 0.25 millimeter lead equivalant for covering the bucky slot
during fluorossopy shall be provided,

)-20:05- 47 Analytical X-Ray Installations,
{1 Equipment.

{a) The leakage radiation from the wwhe housing shall not excesd a radiation tevel of 2.5
mifiroentgens in 1 hour at 8 centimelers from the surface of the tubs housing at any specified
fube rating,

v Radialion originating within the high voltage power supply e, transformer and rec!ifiers}_shaii
fiol exceed a radiation level of 0.5 millircentgen in 1 hour at every specified rating &t a distance
of 5 centimeters from the housing of the power supply.

{c A warning light with the notation *X-Ray On,” or equivalent shall be located oh the control pansl
and shall light only when the x-ray tube Is activated. This light shall be a fail-safe design or
administrative controls shall be exercised to ensure operations will hot continue without a ptoper:
functioning warning light. On equipment Instalied after October 2, 1978, this device shall bs a
fail-safe design.

{chh The x-ray acoessory apparatus shall include a beam trap or other barrier with sufficient shielding
so thet e dose rate due to the fransmitled primary beam does not excesd (.25 mreivhr a1 5
cenfimeters under notmal operating condifions. The dose rate may be diffioult to svaluate in the
presence of scattered radistion, however, this requirement shall be considersd met if the
inherent shielding of the trap or barrier is at least equivalent to the thickness of lsad specified in
Table RHS 3-5 for the maximum rated anode current and potential.

Table RHS 3-8 THICKNESS OF LEAD REQUIRED FOR A PRIMARY BEAM BARRIER
LOCATED 5 CENTIMETERS FROM THE FOCAL SPOT

Anode
§S-7039 (July 2010) 24 RDA 1693
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()

"

{9)

{h)

it

{}

current Thickness of lead (mm)

Ay 50kVp 70KYp 100 KVp

20 1.5 56 1.7
40 1.6 8.8 78
18
1.7

80 59
100

A fight or indicator in a conspicuous focation near the tube Bousing assembly shall be used 1o
indicate when the x-ray tubs is on. This light or other indicator shall be of fail-safe design or
administrative controls shall ba exercised to ensure operations will not continue without proper
functioning of this fight or indicator. On equipment installed after Qolober 2, 1978, this device
shall be of fail-safe design.

in addition to any signs of labels required In 42000295444 Tuds D40
fabel shall be placed on or adjacent to each x-ray iuhe housmg and shai
clearly visible to any individual who may be working in close proximily to the primary beam path.
The sign or iabel shall bear {he words:

"CAUTION - HIGH INTENSITY X-RAY BEAM'

Where couplings gxisl, e.9., belween the x-ray tube and the collimator of the diffractorneter, ate,,
they shall prevent radiation from escaping the coupling.

Each port of the radiation source housing shall be provided with a beam shutler intetlocked with
the x-fay accessory apparatus coupling, or collimator, in such a way that the port wilt be open
only when the collimator or coupling is in place. Shutiers at unused ports shall be secured to
prevent inadvertent opening.

Open beam x-ray equipment
1. Al shultars shall be provided with & “shutter open” indication of fall-safe design.

2. Radiation levels in the vicinity of controls and adjustments. of the x-ray accessory
apparatus used during normal operation shall be such that the operator's exposure shall
not excesd in one hour 37 mrem to the hands or 2 mrem o the whole body, gonads,
bioodforming organs, or lens of the eye,

3. A guard or interlock which prevents entry of any part of the body inte the primary beam
path should be utilized.

4, The operator shall be In immediate attendance at all times when the equipment is in
operation except whan the area Is locked to pretect against unauthorized or accidental
entry.

&, When not in use, equipment shall be secured in such a manner as {0 be inoperable by
unauthorized persons,

Enclosad beam x-ray equipment

1. The ragiation source, sample, detector and analyzing crystal (if used) shall be enclosed
in a chamber or coupled chambers that cannot be entered by any part of the body
during notmal operation.

2. The sample chamber closuré shall be interlocked with the x-ray tube high vollage supply
or a shutler in the primary beam 0 that no x-ray beam can enter the sample chamber
whila it s open unfess the interlock has been conspicudusly and deliberately defeated,
The interlock requirsd by this section shall be of fail-safe design or adequate
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administrative controls shall be exercised to ensure operations will to continue without a
proper functioning interfock,

3, The exposure level at 5 centimeters from the tube housing apparatus complex shail not
exceed 2.5 milliroenigens per hour duwing normal operafion,

(V4] Operation of sguipment,

(a)

(b}

{©)

(d)

(e)

)

{h)

The registrant shall not permit any individual to -operate or maintain analytical x-ray equipment
until such individual has recelved instruction in and demonstrated competence as to:

1. Identification of radiation hazards associated with the use of the equipment;

2. Bignificance of the various radiation warning and safety devices incorporated into the
equipment; or the reasons they have not been installed on certain pieces of equipment
and the extra precautions required in such cases,

3 Proper operafing procedures for the equipment,
4, Symptoms of an acute localized exposure; and
5. Proper procedures for raporting an astual or suspected exposure,

Procedures and apparatus ulilized in beam alignment shall be designed to minimize ractiation
exposure to the operater.

Wiritten operafing procedures and emergency procedures pertaining to radiation safety shall be
established for each facilify and shall be conspicuously posted in a location near each unit of
analytical x-ray equipment.

Only trained personnel shali be permitied o install, repair, or make modifications to the x-ray
generating apparatus and the tube housing apparatus complex,

Any temporary alleration to safely devices, such as by-passing interlocks or removing shielding
shall be:

1. Approved in advance by the radiation safety officer.

2. Specified in writihg and posted near the x-ray tube housing so that other mdwaduais will
know the existing status of the x-ray apparatus.

3. Terminated as soon as possible,

4. Recorded and the record maintained for inspection by the Division. This record should
contain such information as date alteration was made, type of aiteration, length of time
unit remained in the altersd condition, and signed by the individual who made the
alteration and the individual who restored the unit to-original condition.

Tests of all safety devices such as intertocks, shutters, and warning lights shall be conducted at
intervals not to exeeed 3 months for all eperable analyfical x-ray equipment. Records of such
tests shall be maintained for inspaction by the Division,

Interlocks. shall not be used to de-activate the x-ray tube, except in an emergency or during
testing of the interlock systern. After such shut-off, it shall be possible to restore the machine to
full aperation only from the control panel.

Suweys and persormei momtcr ny shall be prowded to insure compliance with the requirements
15 0 W08 58 Fy gs{%gz}ng »{}&«ﬁ 4&@%_
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132 0400-20-05: 132, and 4200-02-0

Authorily: T.C.A, §5 88-202-101 ¢f seq., 68-202-201 et seq. and 4-5-201 et seq,

1280424

04002008 08 X-Ray Géuges.

{1 Equipment,

(@)

(b)

©

{d)
(e)

A sign bearing the words, “Waming - X-Rays - Do not place hands in jaws of gauge,” or
equivalent, shall be so located that it is visible o any person operating, aligning, or adjusting
gauging device.

A vislble indication of the status of the shutter shall be provided, e.g., red light indicating beam
oh, greeti light indicating beam off. This device shall be of fall-safe design or administrative
controls shall be exercised to ensure operations will not continue without a proper functioning
warning device. On equipment installed after June 30, 1877, this devics shall be of fail-safe
tlesign.

Except whenever mpracticable, an interlocking device which prevents the entry of any portion of
an individual's body Into the primary beam or causes the primary beam o be shut off upon entry
into its path shall be provided.

Unused tube ports shall be elosed in such a fashion that accidental opening is not possible.
In cases where the primary s-ray heam Is not intercepted by the defector device under all

conditions of operation, proleclive measures shall be provided, such as auxillary shielding, to
avoid exposure to any individual from the transmitted primary x-ray beam.

{2) Operation of equipment.

{a}

()

{t}

{d)

Parsonnel working with apen beam x-ray eguipment shall be provided with aner or wr;st
personnel monimrmg demces Records of exposure shaﬁ be kept as reguired in 1200-43.4

When not in operation, the equipment shiall be secured in such a way as to be sccessible to, of
oparable by, only authorized personnel.

A review of all safely devices shall be performed at least guarterdy to insure their propsr
operation (l.e., signs, labels, interiocks, stc.). A record of this review shall be maintgined for
inspaction by the Division.

Prior o Initial startup and subsequent to any ehange in any paramoters affecting radiation safely
and at least aﬂnuaﬁy, surveys and momtoring to insure that operahons are er.mdueted safeiy

Authority: T.C.A, §§ 68-202-101 ot seq., 68-202-201 et seq. and 4-5-207 et seq,

Excerpt from Bureau of Radiclogival H
{2¥a)t4() and part (3){g)1 of Rule 43iF

4002006 08 Appendix A

fth Standards fnr {’;erhf“ ed Diagnoshc X«ray quz et Se& subpafi
£ s 208 BB G b,

{1} Manufacturers of x-ray squipment shall provide for purchaser and, upon request, io others at a cost nof
to exceed the cost of publication and distribution, manuals or instruction sheets which shall includs the
following technical and safety information: :

{a) All x-ray equipment.
For x-ray equipment to which this septies Chapter and 21 CFR 1020.31 and 1020.32 are
§S-7038 {July 2010) 24 RDA 1693
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applicable, there shall be provided:

1.

Adequate instructions concernihy any radiological safely procedures and precautions
which may be necessary because of unique feafures of the equiprnent; and

A schedule of the maintenance nedessary to keep the squipment in compliance with this
seelion Chapler and 21 CFR 1020.31 and 1020.32.

n Tube housihg assermblies,

Far each tube hotsing assembly, there shall be provided:

1.

2,
3

Statements of the maximum rated peak tube potential, leakage technidue faciors, the
minitaumn filteation permanently In the useful beam exprassed as millimeters of aluminum
equivalent, and the peak Wbe potential at which the aluminum equivalent was obtained;
Cooling cufves for the anode and tube housing; and

Tuhe rating charts,

If thie fube is desigried to operate from different types of ¥-ray high voltage generators (such as
singie-phase seff-rectified, single phase half-wave rectified, single-phase fullwave rectified,
three-phase $i% § puise, three-phase 12 pulse, constant potential, capacitor energy storage) or
under modes of operation such as alternate focal spot sizes of speeds of anode rotation which
ffect its rating, spedificidantification of the difference in ratings-shall beé nofed.

(c} X-Ray controls and generators.

For the x-ray control and associated x-ray high—VDltage generator, there shall be provided:

1.

$8-7039 (July 2010}

A statement of the rated line voltage and the range of line-voltage regulation for
operafion at maximurm line current;

A slatement of the maximum ling current of the x-«ray sysitem based onh the maximum
input voltage and current characteristics of the tube housing -assembly coripatible with
fated output voltage and rated oulput clifferit characteristics, %-ray control and
associated high-voltage generator. If the rated input voltage and current sharactefistics
of the tube housing assembly are hot known by ‘the manufacturer of the x-ray control
and assochated high-voltage generator, he shall provide necessary information to allow’
the purchaser to determine the maximum line current for his particlilar tube housing
assembly(s);

A statemant of the techini que factors that conhstitute the maximuim ling current condition
described in suliivision b part 2 of this subparagraph

Iy the case of battery-powered generators, a specification of the minimum state of
charge riecessary for aperation.

Generator rating and duty cycle;

A statement of the maximum deviation from the indication given by labeled control
settings andfor meters dunng any exposure whien the equipment is conpected to a
power supply as desoribed in accordance with this paragraph. In the case of fixed
technique factors, the maximum devigtion from the nominat fixed valug of each factor
shall be stated; and

A statement defining the measurenient basis (or bases) upon which the: exposure tirie,
peak 'patenttai tube curient, andlor other technique factors are stated pursuant to
one-Hii)-aid-Jvi) parts 3 and 8 of this subparagraph..

25 RBA 1693
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(d) Variable-apertre beam-limiting device.

For each variable-aperiure beam !im‘eting device, there shall & he provided:

1.

Specifications of tube housing assemblies for which lh& devlce is designed or is
compatible with respect to the requirements of pasagraphi{ki-of this sestien Chupler and
Z1GFR 102031 (dYyand (e); and

A statement including the minimum aluminum equivalent of that part of the device
through which the useful beam pasgses and including the x-ray tube potential at which
the aluminum equivalent was obtained. When e 2 or more fillers are provided as part
of the device, the stetement shall include the aluminum equivalent of each filter,

Authority: T.C A. §8§ 68-202-101 ot seq. and 4-6-201 et seq.

§5-7039 (July 2010)
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