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[bookmark: _Toc418684519]Section 1 – Introduction

[bookmark: _Toc418684520]1.1 Applicability

The requirements described in this document apply to certain facilities licensed by the Washington State Department of Health (referred to as agency) to handle radioactive materials. Federal facilities that are not part of the United States Department of Energy (USDOE) are also covered.

You may not be subject to these requirements. If you are uncertain, fill out Worksheet A in Section 3 to determine whether the requirements apply. If you are not subject to the requirements, you need read no further.

1.2 Purpose

This guidance document is intended for facilities subject to WAC 246-247-010. It defines the minimum information needed as required in WAC 246-247-020 (2) and the application requirements of WAC 246-247-060.

Facilities covered by WAC 246-247 should use this document. They include all federal facilities that emit radionuclides to the air (except those owned and/or operated by USDOE) and all facilities licensed by the Nuclear Regulatory Commission (NRC) or the agency. Examples of the types of facilities covered include radiopharmaceutical suppliers and users, shipyards, research facilities, test and research reactors, radiation source manufacturers, and power reactors under the uranium fuel cycle.

The WAC requires that existing facilities file an annual report with the agency. It also requires filing an application to construct or modify with the agency for new facilities or proposed modifications to existing facilities. This guide can be used to provide the required information to submit the information as specified under WAC 246-247-060.

If you cannot demonstrate compliance of 0.1 mrem/year by using the methods described in Section 3, you should contact the agency (see Section 5). 

[bookmark: _Toc418684521]1.3 How to Use This Guidance Document

The remainder of this document gives the details of this approach. The method is keyed to a worksheet. These worksheets explain the purpose of the relevant steps, and list useful references. 

Section 2 briefly describes the method and basic assumptions. The worksheets are in Section 3. 

Section 4 contains a summary of reporting and recordkeeping requirements.

Section 5 discusses when and how to contact the agency to resolve any problems or issues specific to your facility.




[bookmark: _Toc418684522]

Section 2 – Demonstrating Compliance

[bookmark: _Toc418684523]2.1 Introduction

This section outlines the methods used to determine whether you will need to submit a full application as required under WAC 246-247-060.

Begin by completing Worksheet A (Section 3) to see whether you are subject to the requirements. If you are exempt from the requirements, you need go no further. You may still need to have a radioactive materials license.  Please contact agency for a determination.

To determine whether you need to submit a full application under WAC 246-247-060, you must estimate the radiation dose to the nearest hypothetical receptor “wherever they may be” – point of highest dose fence line, resident, home, school, business, or office – of radioactivity from your facility’s airborne emissions. This section describes the method approved by the agency for making such dose estimates. This method determines whether your emissions could not cause a dose greater than 0.10 mrem/year of the standard 10 mrem/year. This is the point where continuous monitoring would be required or the addition of abatement controls – WAC 246-247-075(3).

[bookmark: _Toc418684524]2.2 Choosing a Procedure

This section describes the procedure for determining the potential emissions from your facility. A very brief description of the method and the assumptions on which it is based follows. However, you should first check Table 1 (page 17) to see if the radionuclides that you are using are listed. If they are not, contact the agency. If wishing to be licensed for radioactive materials 1-83, select the most conservative radionuclide for an alpha and beta emitter, then apply the corresponding values in the table to your total Annual Possession Quantity (APQ) for alpha and beta.


[bookmark: _Toc418684525]Section 3 – Worksheets

The following worksheets provide a step-by-step approach to each method described in Section 2. Each worksheet contains a list of the parameters needed to complete the worksheet and line-by-line instructions.

The worksheets shown here have space for only three radionuclides. If your facility handles more than three, we suggest you make your own worksheets using these as guides. On each page, be sure to identify the worksheet number, your facility name, the assessment year (one calendar year for existing facilities and one year for facilities not yet constructed), and use the same line numbers as those on the worksheets given here.

Please contact the agency for an approved electronic spreadsheet or for help completing this worksheet. The spreadsheet may also be downloaded at the Radioactive Air Emissions website:  http://www.doh.wa.gov/CommunityandEnvironment/Radiation/RadioactiveAirEmissions
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[bookmark: _Toc418684527]Worksheet A - Applicability
WAC 246-247-010 defines the facilities covered by this standard. The questions on Worksheet A provide a step-by-step process to determine whether your facility is covered. The standard applies to existing facilities, modifications to existing facilities, and new or proposed facilities. Check the proper "yes" or "no" space for each question and follow the related instruction.






Facility Name: Click here to enter text.

Facility Address: Click here to enter text.

Assessment Year (date): Click here to enter text.

1.	Does your facility have a license issued by the NRC or any Agreement State to receive title to, receive, possess, use, transfer, or deliver any source, byproduct, or special nuclear material?
Yes	☐ 	Go to Step 3
No	☐ 	Go to Step 2

2.	Is your facility owned or operated by an agency of the Federal Government (or contractor to) other than USDOE?
Facilities owned or operated by an agency of the federal government (other than USDOE) include those operated by contractors to those agencies.




Yes	☐ 	Go to Step 3
No	☐ 	Stop. You are not required to submit for approval for radioactive air emissions. Keep this determination on file.  NOTE: USDOE must submit a WAC 246-247-060 application.

3.	Does your facility handle sealed radiation sources exclusively?
Only unsealed sources are covered under this rule and a source is considered to be sealed unless opened. "Special Form" sources are exempt as are any sealed sources that are sealed and not intended to be opened in their routine application (example: thickness gauges).

.



Yes	☐ 	Stop. You are not required to submit for approval for radioactive air emissions. Keep this determination on file.
No	☐ 	Go to Step 4.

4.	You are subject to the agency’s radionuclide air emission standard.
 
5.  	Use Worksheet B to determine whether you need to submit a full application under WAC       	246-247-060. 




[bookmark: _Toc418684528]Worksheet B – Possession Table

You must estimate the radiation dose to the nearest hypothetical receptor “wherever they may be” – point of highest dose fence line, resident, home, school, business, or office – of radioactivity from your facility’s airborne emissions. This section describes the method approved by the agency for making such dose estimates. This method determines whether your emissions could not cause a dose greater than 0.10 mrem/year of the standard 10 mrem/year. This is the point where continuous monitoring would be required or the addition of abatement controls – WAC 246-247-075(3).

Explanation of Worksheet B Items

1.	If a radionuclide is in more than one physical form (gas, liquid or powder, or solid), enter its name once for each form. See item 5 below for restrictions on these forms.

2.	This is the amount of each radionuclide (in curies) contained in inventory at the beginning of the assessment year. Any material in sealed containers that were not opened during the assessment year, and did not leak, should not be included.

3.	This is the amount of each radionuclide (in curies) received at the facility during the assessment year. Do not include any material in sealed unopened containers that did not leak during the assessment year.

4.	Self-explanatory.

5.	This must be a gas, liquid or powder, or solid.

If any radionuclide is exposed to a temperature of 100 degrees Celsius or more, or boils at a temperature of 100 degrees Celsius or less, it must be considered to be a gas. Any radionuclide that is intentionally dispersed into the environment must be considered to be a gas (for example, radioactive tracers that are released into air, tanks, or exhaust streams to determine material movement). Please contact the agency if you have any questions concerning the physical form of the material.

6.	Table 1 lists the APQ for each radionuclide by name and by physical form. Find the radionuclide name and enter the number given in the column corresponding to its physical form on line 5. If you use radionuclides that are not on this list, contact the agency.

7.	This is the ratio of your amount to the APQ.

8.	This is the sum of all the ratios on line 7.





Possession Table

This table provides a simple method for determining if you are in compliance with the standard. You may use this table only (if using unsealed sources) if your facility meets both of the following conditions:

1.	There is no receptor within 10 meters of any release point; and

2.	No milk, meat, or vegetables are produced within 100 meters of any release point.





If you do not meet both of these conditions, contact the agency. If you do meet these conditions and wish to use the Possession Table, you will need the following information:

1.	A list of all radionuclides used in your facility during the reporting year. If licensed for radioactive materials, and the radionuclide is not known, use Th-229 for alpha emitters and Sr-90 for beta/gamma emitters.

2.	The amount (in curies) of each radionuclide you had on hand at the beginning of the reporting year.

3.	The amount (in curies) of each radionuclide that you received at your facility during the reporting year.

4.	The physical form (gas, liquid or powder, or solid) of each radionuclide and the maximum temperature to which it is exposed in your facility.











This is the straight-line distance determined from a plan view. See Figure 3-1 at the end of this section.





















Capsules containing radionuclides in liquid or powder form can be considered solids. Capsules that have lost their ability to contain the material must be accounted for in the determination.


Facility Name/Address: Click here to enter text.
Assessment Year (dates): Click here to enter text.
	1.
	Enter the name of each radionuclide (i.e., I-131, Co-60, etc.). If a radionuclide is in more than one physical form, enter its name once for each physical form.
	

Enter text.
	

Enter text.
	

Enter text.

	2.
	Enter the curies on hand at the beginning of the year.
	Enter text.
	Enter text.
	Enter text.

	3.
	Enter the curies produced or received during the year.
	Enter text.
	Enter text.
	Enter text.

	4.
	Add lines 2 and 3.
	Enter text.
	Enter text.
	Enter text.

	
	
	
	
	

	5.
	Enter the physical form of the radionuclide: gas, liquid or powder, or solid or capsule (G, L, or S). If any radionuclide is exposed to temperatures of 100 degrees Celsius or more, or boils at 100 degrees Celsius or less, treat it as a gas.
	


Enter text.
	


Enter text.
	


Enter text.

	6.
	Enter the value shown in Table 1 (page 17) for the 
appropriate form of each radionuclide.
	
Enter text.
	
Enter text.
	
Enter text.

	7.
	Divide line 4 by line 6.
	Enter text.
	Enter text.
	Enter text.

	8.
	Sum the fractions on line 7 and multiply by 10 mrem/year.
	Enter text.
	
	





If the value on line 8 is less than 0.1 mrem/year and represents the dose caused by the entire facility with any new construction or modification, you are exempt from submitting an application to construct or modify that would otherwise be required under WAC 246-247-060. Make a copy of this form to retain in the facility files and submit this worksheet to the address in Section 5. See Figure 3-2 for an example of the letter to transmit the information. If approved, you will be receiving a letter from the agency with license conditions (See Figure 3-3).

If the value on line 8 is equal to or greater than 0.1 mrem/year, you are not exempt from the application process described in WAC 246-247-060. Please contact the agency to assist in preparation of your application.


[bookmark: _Toc418684529]Figure 3-1. Distance Between Source and Nearest Receptor
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[bookmark: _Toc418684530]Figure 3-2. Example Submittal Letter



Date


Name
Company
Address

Re:	Radioactive Air Emissions License Application

Radioactive Air Emissions Section:

[bookmark: _Toc404771076][bookmark: _Toc410729517][bookmark: _Toc418684531]I have completed both Worksheets A and B of the Application Determination Guidance Document and have met the criteria to apply to emit radioactive material to the air. With this letter you will find both Worksheets A and B, along with the required fee amount (WAC 246-XXX).

Please process this application. Should you have any questions regarding this application, please feel contact me at XXX-XXX-XXXX.

Sincerely,



Signature

Enclosure:	1.	Worksheet A – Applicability
	2.	Worksheet B – Possession Table



[bookmark: _Toc418684532]Figure 3-3. Example Approval Letter with Conditions



Date


Name
Company
Address

Re	Approval of Radioactive Air Emissions License (RAEL)

Mr./Ms. XXX:

[bookmark: _Toc404771078][bookmark: _Toc410729519][bookmark: _Toc418684533]We have completed the review of your Worksheets A and B (enclosed) of the Application Determination Guidance Document and have determined you meet the criteria to emit radioactive material to the air. This letter will serve as your RAEL and will be contained as an attachment to your Radioactive Materials License.

[bookmark: _Toc404771079][bookmark: _Toc410729520][bookmark: _Toc418684534]Along with compliance to Washington Administrative Code (WAC) 246-247, there are three additional license conditions with this approval:

1. Each year, by June 30, the facility must submit a letter certifying it is at or below all annual possession quantities used in the initial submittal.

2. [bookmark: _Toc404771080][bookmark: _Toc410729521][bookmark: _Toc418684535]The owner or operator of any facility subject to the standard must maintain records documenting the source of input parameters, the calculations and/or analytical methods used to derive values for input parameters, and the procedure used to determine compliance. In all cases, the documentation should be sufficient to allow an independent auditor to verify whether the facility complies with the standard, and qualifies for meeting the requirements to use this guide. These records must be kept at the site of the facility for at least five years and, upon request, be made available for inspection by the Department of Health. Inspection may occur at any time.

3. [bookmark: _Toc404771081][bookmark: _Toc410729522][bookmark: _Toc418684536]A new Worksheet B – Possession Table must be submitted and approved prior to the use of a new or increase in amount of an approved radionuclide.

Should you have any questions regarding this letter, please feel free to contact me at XXX-XXX-XXXX.

Sincerely,



Signature


[bookmark: _Toc418684537]Section 4 – Reporting and Recordkeeping Requirements

[bookmark: _Toc418684538]4.1 Reporting Requirements

By June 30 of each year, the facility must submit a letter certifying it is at or below all APQs used in the initial submittal (see Figure 4-1 below). If quantities have changed, the facility shall perform the assessment and resubmit Worksheet B – Possession Table to the agency.

[bookmark: _Toc418684539]Figure 4-1. Example Annual Reporting Letter



Date 


Name
Company
Address

Re:	20XX Annual Report for Radioactive Materials License (WN-XXXX-X)

Dear Mr. XXX:

[bookmark: _Toc404771085][bookmark: _Toc410729526][bookmark: _Toc418684540]Enclosed for your review is Worksheet B – Possession Table which documents the amount of material processed and potentially emitted to the air from our facility. This report is submitted to cover the calendar year 20XX and meets the license condition for annual reporting.

[bookmark: _Toc404771086][bookmark: _Toc410729527][bookmark: _Toc418684541]I certify under penalty of law that I have personally examined and am familiar with the information submitted herein and based on my inquiry of those individuals immediately responsible for obtaining the information. I believe that the submitted information is true, accurate, and complete. I am aware that there are significant penalties for submitting false information including the possibility of fine and imprisonment.

Should you have any questions regarding this letter report, please feel free to contact me at XXX-XXX-XXXX.

Sincerely,



Signature

Enclosure:	Worksheet B – Possession Table for CY 20XX

[bookmark: _Toc418684542]4.2 Recordkeeping Requirements

The owner or operator of any facility subject to the standard must maintain records documenting the source of input parameters, the calculations and/or analytical methods used to derive values for input parameters, and the procedure used to determine compliance. In all cases, the documentation should be sufficient to allow an independent auditor to verify whether the facility complies with the standard, and qualifies for meeting the requirements to use this guide. These records must be kept at the site of the facility for at least five years and, upon request, be made available for inspection by the agency. Inspection may occur at any time.


[bookmark: _Toc418684543]Section 5 – Department of Health Contact and Problem Resolution

Contact the Radioactive Air Emissions Section: 

· Fax: 509-946-0876

· Phone: 509-946-3798

· Radioactive Air Emissions Section
Office of Radiation Protection
Washington State Department of Health
309 Bradley Blvd., Suite 201
(Hanford Mail Stop B1-42)
Richland, WA  99352

· EMAIL: AIRRichland@doh.wa.gov


[bookmark: _Toc418684544]References
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[bookmark: _Toc418684545]Table 1 – Annual Possession Quantities for Environmental Compliance 

This table is to be used in Worksheet B and allows you to determine compliance from the amount of radionuclides used annually at your facility. You should use this method if you handle only small quantities of radioactive material and you do not have measured stack concentrations. The annual quantities were calculated using assumptions that overestimate the dose.

Annual Possession Quantities (Ci/yr)

	Radionuclide
	Gaseous Form1
	Liquid/Powder Forms

	Solid Form2

	Ac-225
Ac-227
Ac-228
Ag-106
Ag-106m
	9.6E-05
1.6E-07
3.4E-03
1.6E+00
2.6E-03
	9.6E-02
1.6E-04
3.4E+00
1.6E+03
2.6E+00
	9.6E+01
1.6E-01
3.4E+03
1.6E+06
2.6E+03

	
	
	
	

	Ag-108m
Ag-110m
Ag-111
Al-26
Am-241
	6.5E-06
9.4E-05
6.7E-02
4.0E-06
2.3E-06
	6.5E-03
9.4E-02
6.7E+01
4.0E-03
2.3E-03
	6.5E+00
9.4E+01
6.7E+04
4.0E+00
2.3E+00

	
	
	
	

	Am-242
Am-242m
Am-243
Am-244
Am-245
	1.8E-02
2.5E-06
2.3E-06
4.6E-02
7.0E+00
	1.8E+01
2.5E-03
2.3E-03
4.6E+01
7.0E+03
	1.8E+04
2.5E+00
2.3E+00
4.6E+04
7.0E+06

	
	
	
	

	Am-246
Ar-37
Ar-41
As-72
As-73
	9.8E-01
1.4E+06
1.4E+00
2.9E-02
6.0E-02
	9.8E+02
-
-
2.9E+01
6.0E+01
	9.8E+05
-
-
2.9E+04
6.0E+04

	
	
	
	

	As-74
As-76
As-77
At-211
Au-193
	4.3E-03
8.8E-02
7.9E-01
1.0E-02
4.2E-01
	4.3E+00
8.8E+01
7.9E+02
1.0E+01
4.2E+02
	4.3E+03
8.8E+04
7.9E+05
1.0E+04
4.2E+05

	
	
	
	

	Au-194
Au-195
Au-198
Au-199
Ba-131
	3.5E-02
3.3E-03
4.6E-02
1.5E-01
1.0E-02
	3.5E+01
3.3E+00
4.6E+01
1.5E+02
1.0E+01
	3.5E+04
3.3E+03
4.6E+04
1.5E+05
1.0E+04

	
	
	
	

	Ba-133
Ba-133m
Ba-135m
Ba-139
Ba-140
	4.9E-05
9.3E-02
5.8E-01
4.7E+00
2.1E-03
	4.9E-02
9.3E+01
5.8E+02
4.7E+03
2.1E+00
	4.9E+01
9.3E+04
5.8E+05
4.7E+06
2.1E+03

	
	
	
	

	Ba-141
Ba-142
Be-7
Be-10
Bi-206
	1.3E+00
1.1E+00
2.3E-02
3.0E-03
3.1E-03
	1.3E+03
1.1E+03
2.3E+01
3.0E+00
3.1E+00
	1.3E+06
1.1E+06
2.3E+04
3.0E+03
3.1E+03

	
	
	
	

	Bi-207
Bi-210
Bi-212
Bi-213
Bi-214
	8.4E-06
4.2E-03
4.7E-02
6.0E-02
1.4E-01
	8.4E-03
4.2E+00
4.7E+01
6.0E+01
1.4E+02
	8.4E+00
4.2E+03
4.7E+04
6.0E+04
1.4E+05

	
	
	
	

	Bk-249
Bk-250
Br-77
Br-80
Br-80m
	7.0E-04
1.0E-01
7.5E-02
1.2E+01
1.5E+00
	7.0E-01
1.0E+02
7.5E+01
1.2E+04
1.5E+03
	7.0E+02
1.0E+05
7.5E+04
1.2E+07
1.5E+06

	
	
	
	

	Br-82
Br-83
Br-84
C-11
C-14
	1.6E-02
9.9E+00
5.6E-01
1.3E+00
2.9E-01
	1.6E+01
9.9E+03
5.6E+02
1.3E+03
2.9E+02
	1.6E+04
9.9E+06
5.6E+05
1.3E+06
2.9E+05

	
	
	
	

	Ca-41
Ca-45
Ca-47
Cd-109
Cd-113
	2.7E-02
5.8E-02
1.1E-02
5.0E-03
3.3E-04
	2.7E+01
5.8E+01
1.1E+01
5.0E+00
3.3E-01
	2.7E+04
5.8E+04
1.1E+04
5.0E+03
3.3E+02

	
	
	
	

	Ca-41
Ca-45
Ca-47
Cd-109
Cd-113
	2.7E-02
5.8E-02
1.1E-02
5.0E-03
3.3E-04
	2.7E+01
5.8E+01
1.1E+01
5.0E+00
3.3E-01
	2.7E+04
5.8E+04
1.1E+04
5.0E+03
3.3E+02

	
	
	
	

	Ce-139
Ce-141
Ce-143
Ce-144
Cf-248
	2.6E-03
1.8E-02
1.0E-01
1.7E-03
2.0E-05
	2.6E+00
1.8E+01
1.0E+02
1.7E+00
2.0E-02
	2.6E+03
1.8E+04
1.0E+05
1.7E+03
2.0E+01

	
	
	
	

	Cf-254
Cl-36
Cl-38
Cm-242
Cm-243
	3.6E-06
1.9E-04
6.5E-01
6.0E-05
3.3E-06
	3.6E-03
1.9E-01
6.5E+02
6.0E-02
3.3E-03
	3.6E+00
1.9E+02
6.5E+05
6.0E+01
3.3E+00

	
	
	
	

	Cm-244
Cm-245
Cm-246
Cm-247
Cm-248
	4.2E-06
2.3E-06
2.3E-06
2.3E-06
6.4E-07
	4.2E-03
2.3E-03
2.3E-03
2.3E-03
6.4E-04
	4.2E+00
2.3E+00
2.3E+00
2.3E+00
6.4E-01

	
	
	
	

	Cm-249
Cm-250
Co-56
Co-57
Co-58
	4.6E+00
1.1E-07
2.4E-04
1.6E-03
9.0E-04
	4.6E+03
1.1E-04
2.4E-01
1.6E+00
9.0E-01
	4.6E+06
1.1E-01
2.4E+02
1.6E+03
9.0E+02

	
	
	
	

	Co-58m
Co-60
Co-60m
Co-61
Cr-49
	1.7E-01
1.6E-05
4.0E+00
3.8E+00
9.0E-01
	1.7E+02
1.6E-02
4.0E+03
3.8E+03
9.0E+02
	1.7E+05
1.6E+01
4.0E+06
3.8E+06
9.0E+05

	
	
	
	

	Cr-51
Cs-129
Cs-131
Cs-132
Cs-134
	6.3E-02
1.5E-01
2.8E-01
1.3E-02
5.2E-05
	6.3E+01
1.5E+02
2.8E+02
1.3E+01
5.2E-02
	6.3E+04
1.5E+05
2.8E+05
1.3E+04
5.2E+01

	
	
	
	

	Cs-134m
Cs-135
Cs-136
Cs-137
Cs-138
	3.2E-01
2.4E-02
2.1E-03
2.3E-05
4.4E-01
	3.2E+02
2.4E+01
2.1E+00
2.3E-02
4.4E+02
	3.2E+05
2.4E+04
2.1E+03
2.3E+01
4.4E+05

	
	
	
	

	Cu-61
Cu-64
Cu-67
Dy-157
Dy-165
	4.0E-01
5.2E-01
1.5E-01
4.4E-01
5.6E+00
	4.0E+02
5.2E+02
1.5E+02
4.4E+02
5.6E+03
	4.0E+05
5.2E+05
1.5E+05
4.4E+05
5.6E+06

	
	
	
	

	Dy-166
Er-169
Er-171
Es-253
Es-254
	8.1E-02
4.0E-01
3.6E-01
2.6E-04
2.3E-05
	8.1E+01
4.0E+02
3.6E+02
2.6E-01
2.3E-02
	8.1E+04
4.0E+05
3.6E+05
2.6E+02
2.3E+01

	
	
	
	

	Es-254m
Eu-152
Eu-152m
Eu-154
Eu-155
	1.8E-03
1.6E-05
3.5E-01
2.0E-05
5.2E-04
	1.8E+00
1.6E-02
3.5E+02
2.0E-02
5.2E-01
	1.8E+03
1.6E+01
3.5E+05
2.0E+01
5.2E+02

	
	
	
	

	Eu-156
F-18
Fe-52
Fe-55
Fe-59
	3.2E-03
5.6E-01
4.9E-02
1.4E-01
1.3E-03
	3.2E+00
5.6E+02
4.9E+01
1.4E+02
1.3E+00
	3.2E+03
5.6E+05
4.9E+04
1.4E+05
1.3E+03

	
	
	
	

	Fm-254
Fm-255
Fr-223
Ga-66
Ga-67
	1.8E-02
4.0E-03
1.4E-01
5.6E-02
1.1E-01
	1.8E+01
4.0E+00
1.4E+02
5.6E+01
1.1E+02
	1.8E+04
4.0E+03
1.4E+05
5.6E+04
1.1E+05

	
	
	
	

	Ga-68
	7.6E-01
	7.6E+02
	7.6E+05

	Ga-72
	3.6E-02
	3.6E+01
	3.6E+04

	Gd-152
	4.4E-06
	4.4E-03
	4.4E+00

	Gd-153
	2.0E-03
	2.0E+00
	2.0E+03

	Gd-159
	6.8E-01
	6.8E+02
	6.8E+05

	
	
	
	

	Ge-68
	2.3E-04
	2.3E-01
	2.3E+02

	Ge-71
	2.6E+00
	2.6E+03
	2.6E+06

	Ge-77
	1.0E-01
	1.0E+02
	1.0E+05

	H-3
	1.5E+01
	1.5E+04
	1.5E+07

	Hf-181
	2.5E-03
	2.5E+00
	2.5E+03

	
	
	
	

	Hg-193m
	9.5E-02
	9.5E+01
	9.5E+04

	Hg-197
	2.4E-01
	2.4E+02
	2.4E+05

	Hg-197m
	2.5E-01
	2.5E+02
	2.5E+05

	Hg-203
	5.2E-03
	5.2E+00
	5.2E+03

	Ho-166
	2.8E-01
	2.8E+02
	2.8E+05

	
	
	
	

	Ho-166m
	6.0E-06
	6.0E-03
	6.0E+00

	I-123
	4.9E-01
	4.9E+02
	4.9E+05

	I-124
	9.3E-03
	9.3E+00
	9.3E+03

	I-125
	6.2E-03
	6.2E+00
	6.2E+03

	I-126
	3.7E-03
	3.7E+00
	3.7E+03

	
	
	
	

	I-128
	9.3E+00
	9.3E+03
	9.3E+06

	I-129
	2.6E-04
	2.6E-01
	2.6E+02

	I-130
	4.6E-02
	4.6E+01
	4.6E+04

	I-131
	6.7E-03
	6.7E+00
	6.7E+03

	I-132
	2.0E-01
	2.0E+02
	2.0E+05

	
	
	
	

	I-133
	6.7E-02
	6.7E+01
	6.7E+04

	I-134
	3.2E-01
	3.2E+02
	3.2E+05

	I-135
	1.2E-01
	1.2E+02
	1.2E+05

	In-111
	4.9E-02
	4.9E+01
	4.9E+04

	In-113m
	2.1E+00
	2.1E+03
	2.1E+06

	
	
	
	

	In-114m
	4.9E-03
	4.9E+00
	4.9E+03

	In-115
	2.7E-04
	2.7E-01
	2.7E+02

	In-115m
	1.4E+00
	1.4E+03
	1.4E+06

	In-116m
	3.5E-01
	3.5E+02
	3.5E+05

	In-117
	1.3E+00
	1.3E+03
	1.3E+06

	
	
	
	

	In-117m
	7.6E-02
	7.6E+01
	7.6E+04

	Ir-190
	3.5E-03
	3.5E+00
	3.5E+03

	Ir-192
	9.7E-04
	9.7E-01
	9.7E+02

	Ir-194
	2.5E-01
	2.5E+02
	2.5E+05

	Ir-194m
	1.5E-04
	1.5E-01
	1.5E+02

	
	
	
	

	K-40
	6.8E-05
	6.8E-02
	6.8E+01

	K-42
	2.9E-01
	2.9E+02
	2.9E+05

	K-43
	6.0E-02
	6.0E+01
	6.0E+04

	K-44
	4.9E-01
	4.9E+02
	4.9E+05

	Kr-79
	7.0E+00
	-
	-

	
	
	
	

	Kr-81
	1.8E+02
	-
	-

	Kr-83m
	2.0E+04
	-
	-

	Kr-85
	8.4E+02
	-
	-

	Kr-85m
	1.1E+01
	-
	-

	Kr-87
	2.0E+00
	-
	-

	
	
	
	

	Kr-88
	4.2E-01
	-
	-

	La-140
	1.6E-02
	1.6E+01
	1.6E+04

	La-141
	1.1E+00
	1.1E+03
	1.1E+06

	La-142
	2.3E-01
	2.3E+02
	2.3E+05

	Lu-177
	1.4E-01
	1.4E+02
	1.4E+05

	
	
	
	

	Lu-177m
	3.5E-04
	3.5E-01
	3.5E+02

	Mg-28
	2.1E-02
	2.1E+01
	2.1E+04

	Mn-52
	3.5E-03
	3.5E+00
	3.5E+03

	Mn-52m
	5.2E-01
	5.2E+02
	5.2E+05

	Mn-53
	5.7E-02
	5.7E+01
	5.7E+04

	
	
	
	

	Mn-54
	2.5E-04
	2.5E-01
	2.5E+02

	Mn-56
	2.5E-01
	2.5E+02
	2.5E+05

	Mo-93
	1.5E-03
	1.5E+00
	1.5E+03

	Mo-993
	5.7E-02
	5.7E+01
	5.7E+04

	Mo-101
	8.4E-01
	8.4E+02
	8.4E+05

	
	
	
	

	Na-22
	3.2E-05
	3.2E-02
	3.2E+01

	Na-24
	2.6E-02
	2.6E+01
	2.6E+04

	Nb-90
	2.5E-02
	2.5E+01
	2.5E+04

	Nb-93m
	1.2E-02
	1.2E+01
	1.2E+04

	Nb-94
	6.0E-06
	6.0E-03
	6.0E+00

	
	
	
	

	Nb-95
	2.3E-03
	2.3E+00
	2.3E+03

	Nb-95m
	2.0E-02
	2.0E+01
	2.0E+04

	Nb-96
	2.5E-02
	2.5E+01
	2.5E+04

	Nb-97
	1.0E+00
	1.0E+03
	1.0E+06

	Nd-147
	3.0E-02
	3.0E+01
	3.0E+04

	
	
	
	

	Nd-149
	1.1E+00
	1.1E+03
	1.1E+06

	Ni-56
	2.0E-03
	2.0E+00
	2.0E+03

	Ni-57
	2.1E-02
	2.1E+01
	2.1E+04

	Ni-59
	2.2E-02
	2.2E+01
	2.2E+04

	Ni-63
	1.4E-01
	1.4E+02
	1.4E+05

	
	
	
	

	Ni-65
	7.0E-01
	7.0E+02
	7.0E+05

	Np-235
	3.0E-02
	3.0E+01
	3.0E+04

	Np-237
	1.8E-06
	1.8E-03
	1.8E+00

	Np-238
	1.9E-02
	1.9E+01
	1.9E+04

	Np-239
	1.0E-01
	1.0E+02
	1.0E+05

	
	
	
	

	Np-240
	6.5E-01
	6.5E+02
	6.5E+05

	Np-240m
	4.7E+00
	4.7E+03
	4.7E+06

	Os-185
	9.2E-04
	9.2E-01
	9.2E+02

	Os-191m
	9.0E-01
	9.0E+02
	9.0E+05

	Os-191
	3.8E-02
	3.8E+01
	3.8E+04

	
	
	
	

	Os-193
	2.9E-01
	2.9E+02
	2.9E+05

	P-32
	1.7E-02
	1.7E+01
	1.7E+04

	P-33
	1.2E-01
	1.2E+02
	1.2E+05

	Pa-230
	6.3E-04
	6.3E-01
	6.3E+02

	Pa-231
	8.3E-07
	8.3E-04
	8.3E-01

	
	
	
	

	Pa-233
	9.3E-03
	9.3E+00
	9.3E+03

	Pa-234
	9.3E-02
	9.3E+01
	9.3E+04

	Pb-203
	8.3E-02
	8.3E+01
	8.3E+04

	Pb-205
	1.2E-02
	1.2E+01
	1.2E+04

	Pb-209
	1.1E+01
	1.1E+04
	1.1E+07

	
	
	
	

	Pb-210
	5.5E-05
	5.5E-02
	5.5E+01

	Pb-211
	1.2E-01
	1.2E+02
	1.2E+05

	Pb-212
	6.0E-03
	6.0E+00
	6.0E+03

	Pb-214
	1.2E-01
	1.2E+02
	1.2E+05

	Pd-103
	2.1E-01
	2.1E+02
	2.1E+05

	
	
	
	

	Pd-107
	8.2E-02
	8.2E+01
	8.2E+04

	Pd-109
	9.4E-01
	9.4E+02
	9.4E+05

	Pm-143
	7.6E-04
	7.6E-01
	7.6E+02

	Pm-144
	1.1E-04
	1.1E-01
	1.1E+02

	Pm-145
	5.2E-04
	5.2E-01
	5.2E+02

	
	
	
	

	Pm-146
	4.4E-05
	4.4E-02
	4.4E+01

	Pm-147
	2.6E-02
	2.6E+01
	2.6E+04

	Pm-148
	1.7E-02
	1.7E+01
	1.7E+04

	Pm-148m
	7.6E-04
	7.6E-01
	7.6E+02

	Pm-149
	2.8E-01
	2.8E+02
	2.8E+05

	
	
	
	

	Pm-151
	1.2E-01
	1.2E+02
	1.2E+05

	Po-210
	9.3E-05
	9.3E-02
	9.3E+01

	Pr-142
	2.8E-01
	2.8E+02
	2.8E+05

	Pr-143
	1.0E-01
	1.0E+02
	1.0E+05

	Pr-144
	1.5E+01
	1.5E+04
	1.5E+07

	
	
	
	

	Pt-191
	6.4E-02
	6.4E+01
	6.4E+04

	Pt-193
	2.1E-02
	2.1E+01
	2.1E+04

	Pt-193m
	4.8E-01
	4.8E+02
	4.8E+05

	Pt-195m
	1.4E-01
	1.4E+02
	1.4E+05

	Pt-197
	1.1E+00
	1.1E+03
	1.1E+06

	
	
	
	

	Pt-197m
	3.6E+00
	3.6E+03
	3.6E+06

	Pu-236
	7.0E-06
	7.0E-03
	7.0E+00

	Pu-237
	2.3E-02
	2.3E+01
	2.3E+04

	Pu-238
	2.7E-06
	2.7E-03
	2.7E+00

	Pu-239
	2.5E-06
	2.5E-03
	2.5E+00

	
	
	
	

	Pu-240
	2.5E-06
	2.5E-03
	2.5E+00

	Pu-241
	1.3E-04
	1.3E-01
	1.3E+02

	Pu-242
	2.5E-06
	2.5E-03
	2.5E+00

	Pu-243
	3.8E+00
	3.8E+03
	3.8E+06

	Pu-244
	2.4E-06
	2.4E-03
	2.4E+00

	
	
	
	

	Pu-245
	2.1E-01
	2.1E+02
	2.1E+05

	Pu-246
	4.8E-03
	4.8E+00
	4.8E+03

	Ra-223
	1.3E-04
	1.3E-01
	1.3E+02

	Ra-224
	3.2E-04
	3.2E-01
	3.2E+02

	Ra-225
	1.3E-04
	1.3E-01
	1.3E+02

	
	
	
	

	Ra-226
	5.5E-06
	5.5E-03
	5.5E+00

	Ra-228
	1.3E-05
	1.3E-02
	1.3E+01

	Rb-81
	4.2E-01
	4.2E+02
	4.2E+05

	Rb-83
	1.4E-03
	1.4E+00
	1.4E+03

	Rb-84
	2.0E-03
	2.0E+00
	2.0E+03

	
	
	
	

	Rb-86
	1.7E-02
	1.7E+01
	1.7E+04

	Rb-87
	1.0E-02
	1.0E+01
	1.0E+04

	Rb-88
	1.7E+00
	1.7E+03
	1.7E+06

	Rb-89
	6.4E-01
	6.4E+02
	6.4E+05

	Re-184
	1.8E-03
	1.8E+00
	1.8E+03

	
	
	
	

	Re-184m
	3.6E-04
	3.6E-01
	3.6E+02

	Re-186
	1.9E-01
	1.9E+02
	1.9E+05

	Re-187
	9.3E+00
	9.3E+03
	9.3E+06

	Re-188
	3.7E-01
	3.7E+02
	3.7E+05

	Rh-103m
	1.7E+02
	1.7E+05
	1.7E+08

	
	
	
	

	Rh-105
	3.4E-01
	3.4E+02
	3.4E+05

	Ru-97
	8.3E-02
	8.3E+01
	8.3E+04

	Ru-103
	3.1E-03
	3.1E+00
	3.1E+03

	Ru-105
	2.9E-01
	2.9E+02
	2.9E+05

	Ru-106
	5.9E-04
	5.9E-01
	5.9E+02

	
	
	
	

	S-35
	7.5E-02
	7.5E+01
	7.5E+04

	Sb-117
	2.0E+00
	2.0E+03
	2.0E+06

	Sb-122
	3.9E-02
	3.9E+01
	3.9E+04

	Sb-124
	6.0E-04
	6.0E-01
	6.0E+02

	Sb-125
	1.4E-04
	1.4E-01
	1.4E+02

	
	
	
	

	Sb-126
	1.8E-03
	1.8E+00
	1.8E+03

	Sb-126m
	7.6E-01
	7.6E+02
	7.6E+05

	Sb-127
	2.0E-02
	2.0E+01
	2.0E+04

	Sb-129
	1.8E-01
	1.8E+02
	1.8E+05

	Sc-44
	1.4E-01
	1.4E+02
	1.4E+05

	
	
	
	

	Sc-46
	4.0E-04
	4.0E-01
	4.0E+02

	Sc-47
	1.1E-01
	1.1E+02
	1.1E+05

	Sc-48
	1.1E-02
	1.1E+01
	1.1E+04

	Sc-49
	1.0E+01
	1.0E+04
	1.0E+07

	Se-73
	1.6E-01
	1.6E+02
	1.6E+05

	
	
	
	

	Se-75
	1.1E-03
	1.1E+00
	1.1E+03

	Se-79
	6.9E-03
	6.9E+00
	6.9E+03

	Si-31
	4.7E+00
	4.7E+03
	4.7E+06

	Si-32
	7.2E-04
	7.2E-01
	7.2E+02

	Sm-147
	1.4E-05
	1.4E-02
	1.4E+01

	
	
	
	

	Sm-151
	3.5E-02
	3.5E+01
	3.5E+04

	Sm-153
	2.4E-01
	2.4E+02
	2.4E+05

	Sn-113
	1.9E-03
	1.9E+00
	1.9E+03

	Sn-117m
	2.3E-02
	2.3E+01
	2.3E+04

	Sn-119m
	2.8E-02
	2.8E+01
	2.8E+04

	
	
	
	

	Sn-123
	1.8E-02
	1.8E+01
	1.8E+04

	Sn-125
	7.2E-03
	7.2E+00
	7.2E+03

	Sn-126
	4.7E-06
	4.7E-03
	4.7E+00

	Sr-82
	1.9E-03
	1.9E+00
	1.9E+03

	Sr-85
	1.9E-03
	1.9E+00
	1.9E+03

	
	
	
	

	Sr-85m
	1.5E+00
	1.5E+03
	1.5E+06

	Sr-87m
	1.2E+00
	1.2E+03
	1.2E+06

	Sr-89
	2.1E-02
	2.1E+01
	2.1E+04

	Sr-90
	5.2E-04
	5.2E-01
	5.2E+02

	Sr-91
	1.2E-01
	1.2E+02
	1.2E+05

	
	
	
	

	Sr-92
	2.5E-01
	2.5E+02
	2.5E+05

	Ta-182
	4.4E-04
	4.4E-01
	4.4E+02

	Tb-157
	2.2E-03
	2.2E+00
	2.2E+03

	Tb-160
	8.4E-04
	8.4E-01
	8.4E+02

	Tc-95
	9.0E-02
	9.0E+01
	9.0E+04

	
	
	
	

	Tc-95m
	1.4E-03
	1.4E+00
	1.4E+03

	Tc-96
	5.6E-03
	5.6E+00
	5.6E+03

	Tc-96m
	7.0E-01
	7.0E+02
	7.0E+05

	Tc-97
	1.5E-03
	1.5E+00
	1.5E+03

	Tc-97m
	7.2E-02
	7.2E+01
	7.2E+04

	
	
	
	

	Tc-98
	6.4E-06
	6.4E-03
	6.4E+00

	Tc-99
	9.0E-03
	9.0E+00
	9.0E+03

	Tc-99m
	1.4E+00
	1.4E+03
	1.4E+06

	Tc-101
	3.8E+00
	3.8E+03
	3.8E+06

	Te-121
	6.0E-03
	6.0E+00
	6.0E+03

	
	
	
	

	Te-121m
	5.3E-04
	5.3E-01
	5.3E+02

	Te-123
	1.2E-03
	1.2E+00
	1.2E+03

	Te-123m
	2.7E-03
	2.7E+00
	2.7E+03

	Te-125m
	1.5E-02
	1.5E+01
	1.5E+04

	Te-127
	2.9E+00
	2.9E+03
	2.9E+06

	
	
	
	

	Te-127m
	7.3E-03
	7.3E+00
	7.3E+03

	Te-129
	6.5E+00
	6.5E+03
	6.5E+06

	Te-129m
	6.1E-03
	6.1E+00
	6.1E+03

	Te-131
	9.4E-01
	9.4E+02
	9.4E+05

	Te-131m
	1.8E-02
	1.8E+01
	1.8E+04

	
	
	
	

	Te-132
	6.2E-03
	6.2E+00
	6.2E+03

	Te-133
	1.2E+00
	1.2E+03
	1.2E+06

	Te-133m
	2.9E-01
	2.9E+02
	2.9E+05

	Te-134
	4.4E-01
	4.4E+02
	4.4E+05

	Th-226
	3.0E-02
	3.0E+01
	3.0E+04

	
	
	
	

	Th-227
	6.4E-05
	6.4E-02
	6.4E+01

	Th-228
	2.9E-06
	2.9E-03
	2.9E+00

	Th-229
	4.9E-07
	4.9E-04
	4.9E-01

	Th-230
	3.2E-06
	3.2E-03
	3.2E+00

	Th-231
	8.4E-01
	8.4E+02
	8.4E+05

	
	
	
	

	Th-232
	6.0E-07
	6.0E-04
	6.0E-01

	Th-234
	2.0E-02
	2.0E+01
	2.0E+04

	Ti-44
	5.2E-06
	5.2E-03
	5.2E+00

	Ti-45
	4.0E-01
	4.0E+02
	4.0E+05

	Tl-200
	4.4E-02
	4.4E+01
	4.4E+04

	
	
	
	

	Tl-201
	1.8E-01
	1.8E+02
	1.8E+05

	Tl-202
	1.0E-02
	1.0E+01
	1.0E+04

	Tl-204
	2.5E-02
	2.5E+01
	2.5E+04

	Tm-170
	2.4E-02
	2.4E+01
	2.4E+04

	Tm-171
	5.9E-02
	5.9E+01
	5.9E+04

	
	
	
	

	U-230
	5.0E-05
	5.0E-02
	5.0E+01

	U-231
	1.4E-01
	1.4E+02
	1.4E+05

	U-232
	1.3E-06
	1.3E-03
	1.3E+00

	U-233
	7.6E-06
	7.6E-03
	7.6E+00

	U-234
	7.6E-06
	7.6E-03
	7.6E+00

	
	
	
	

	U-235
	7.0E-06
	7.0E-03
	7.0E+00

	U-236
	8.4E-06
	8.4E-03
	8.4E+00

	U-237
	4.7E-02
	4.7E+01
	4.7E+04

	U-238
	8.6E-06
	8.6E-03
	8.6E+00

	U-239
	8.3E+00
	8.3E+03
	8.3E+06

	
	
	
	

	U-240
	1.8E-01
	1.8E+02
	1.8E+05

	V-48
	1.4E-03
	1.4E+00
	1.4E+03

	V-49
	1.3E+00
	1.3E+03
	1.3E+06

	W-181
	1.1E-02
	1.1E+01
	1.1E+04

	W-185
	1.6E-01
	1.6E+02
	1.6E+05

	
	
	
	

	W-187
	1.1E-01
	1.1E+02
	1.1E+05

	W-188
	1.0E-02
	1.0E+01
	1.0E+04

	Xe-122
	7.6E-02
	7.6E+01
	7.6E+04

	Xe-123
	1.6E+00
	1.6E+03
	1.6E+06

	Xe-125
	6.0E-01
	-
	-

	
	
	
	

	Xe-127
	7.0E+00
	-
	-

	Xe-129m
	7.6E+01
	-
	-

	Xe-131m
	2.2E+02
	-
	-

	Xe-133
	5.2E+01
	-
	-

	Xe-133m
	6.0E+01
	-
	-

	
	
	
	

	Xe-135
	7.6E+00
	-
	-

	Xe-135m
	4.2E+00
	-
	-

	Xe-138
	9.9E-01
	-
	-

	Y-86
	2.8E-02
	2.8E+01
	2.8E+04

	Y-87
	2.3E-02
	2.3E+01
	2.3E+04

	
	
	
	

	Y-88
	2.5E-04
	2.5E-01
	2.5E+02

	Y-90
	1.1E-01
	1.1E+02
	1.1E+05

	Y-90m
	4.3E-01
	4.3E+02
	4.3E+05

	Y-91
	1.8E-02
	1.8E+01
	1.8E+04

	Y-91m
	1.6E+00
	1.6E+03
	1.6E+06

	
	
	
	

	Y-92
	7.0E-01
	7.0E+02
	7.0E+05

	Y-93
	3.8E-01
	3.8E+02
	3.8E+05

	Yb-169
	5.5E-03
	5.5E+00
	5.5E+03

	Yb-175
	2.1E-01
	2.1E+02
	2.1E+05

	Zn-62
	8.6E-02
	8.6E+01
	8.6E+04

	
	
	
	

	Zn-65
	4.4E-04
	4.4E-01
	4.4E+02

	Zn-69
	2.7E+01
	2.7E+04
	2.7E+07

	Zn-69m
	2.0E-01
	2.0E+02
	2.0E+05

	Zr-86
	2.4E-02
	2.4E+01
	2.4E+04

	Zr-88
	2.7E-04
	2.7E-01
	2.7E+02

	
	
	
	

	Zr-89
	1.6E-02
	1.6E+01
	1.6E+04

	Zr-93
	2.8E-03
	2.8E+00
	2.8E+03

	Zr-95
	6.4E-04
	6.4E-01
	6.4E+02

	Zr-97
	4.6E-02
	4.6E+01
	4.6E+04

	
	
	
	



1 Radionuclides boiling at 100 oC or less, or exposed to a temperature of 100 oC or more, must be considered to be a gas.
2 Radionuclides boiling at 100 oC or less, or exposed to a temperature of 100 oC or more, must be considered to be a gas.

3 Mo-99 contained in a generator to produce technetium-99 can be assumed to be a solid.
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