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1. Quality Level (QL) No. NA Professional Engineer’s Stamp 
 

N/A 

See LWP-10010 for requirements. 

 

2. QL Determination No. NA 

3. Engineering Job (EJ) No. Not Applicable 

4. SSC ID AGC Experiment 

5. Building  IF-603 

6. Site Area  REC 

7. Objective/Purpose: 

 
The Advanced Graphite Creep (AGC) experiments were designed to irradiate various types of 
graphite specimens to gain an understanding of how the physical and thermal properties of the 
graphite change. The graphite specimens are machined from nuclear grade graphite that is very 
pure relative to other graphite types. However, it still contains parts per million (PPM) levels of 
metal contaminants that are dispersed throughout it. During irradiation in the Advanced Test 
Reactor (ATR) these metal contaminants become activated resulting in the graphite specimens 
being classified as a radioactive material.  

Following their irradiation, a variety of measurements and experiments are performed on these 
specimens that require them to be heated above 100°C.Whenever a radioactive material is heated 
to above 100°C the National Emission Standards for Hazardous Air Pollutants (NESHAP) 
calculations require the activity content, in Curies, of the isotopes that could potentially be 
released to the environment. The purpose of this ECAR is to document the method by which the 
mass loss of each sample is determined and how the isotopic content of this mass loss is 
determined.  

8. If revision, please state the reason and list sections and/or pages being affected: 

As of November 1, 2017, modified emission factors can be applied to the calculation of the 
irradiated graphite source term per EPA guidance. Revisions to this ECAR describe how these 
emission factors are applied to NESHAP calculations for graphite specimens being tested in the 
INL Carbon Characterization Laboratory (IRC Lab C-18).  

 
- Section 9 pg. 2 and 3 
- Design, Discussion and Analysis pg. 7 and 8 
- Computer Code and Validation pg. 9 
- References pg. 10 
- Addition of Appendix F. 
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9. Conclusions/Recommendations: 

 
Attached in Appendix A is an Excel spread sheet with the mass measurements of all irradiated 
graphite specimens heated above 100°C in IRC C18 during calendar year 2016. The spread sheet 
contains the mass of individual specimens pre and post heating and the table of gamma spec 
measurements made on 12 different samples that represent 6 different graphite types and 
irradiation histories. This spread sheet uses the described method to calculate the total activity of 
the lost material to be 0.45 μCi.  

As of November 1, 2017, modified emission factors can be applied to the calculation of the 
irradiated graphite source term per EPA guidance, Appendix C, D and E. These modified emission 
factors are determined based on the temperature to which the specimen is heated relative to the 
materials melting and boiling point.  Although specimens are normally heated to <1000°C a 
conservative temperature of 1200°C was used to determine the modified emission factors. This 
method of estimating the potential exposure was performed for two different cases.  In the first 
case, emission factors were applied to the specimens of Appendix A and an estimated activity of 
the material that could potentially vaporize is 893 µCi.  In the second case the estimated potential 
activity that could be emitted for 20 specimens that are oxidized to 10% mass loss is calculated 
using both the emission factors and the mass loss technique (Appendix F).  In this case the 
emission factor method results in predicting 24.5 µCi while the mass loss technique predicts 64.2 
µCi.  
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SCOPE AND BRIEF DESCRIPTION 

The Advanced Graphite Creep (AGC) experiments were designed to irradiate various types of graphite 
specimens to gain an understanding of how the physical and thermal properties of the graphite change. 
These specimens are either a “creep” specimen, 0.5” dia. X 1.0” lg., or a “piggyback” specimen, 0.5” 
dia. X 0.25” lg. They are machined from nuclear grade graphite that is very pure relative to other 
graphite types. However, nuclear grade graphite still contains parts per million (PPM) levels of metal 
contaminants that are dispersed throughout it. During irradiation in the Advanced Test Reactor (ATR) 
these metal contaminants become activated resulting in the graphite specimens being classified as a 
radioactive material.  

Following their irradiation, a variety of measurements and experiments are performed on these 
specimens that require them to be heated above 100°C. Details of how these measurements are 
carried out can be found in the AGC post irradiation characterization plan PLN-4888 and Laboratory 
Instruction LI-709.  

Whenever a radioactive material is heated above 100°C the National Emission Standards for 
Hazardous Air Pollutants (NESHAP) calculations require the total radioactivity, in Curies, of the 
isotopes that could potentially be released as a gas to the environment. The purpose of this ECAR is to 
document the method by which the mass loss of each sample is determined and how the isotopic 
content of this mass loss is determined.  

DESIGN, DISCUSSION AND ANALYSIS 

For normal testing operations, mass measurements of all specimens is collected before and after 
heating the specimen above 100°C using the analytical balance listed in Table 1. These before and 
after mass measurements provide an accurate measurement of the mass loss for each specimen. It 
should be noted that these mass measurements are carried out under the quality program plan of the 
Advanced Reactor Technology (ART) Materials Program which is ASME NQA-1 compliant. This 
measured mass loss fraction is applied to the total radionuclide inventory available within a sample to 
calculate the potential environmental release for each specimen. Radionuclide content is derived from 
gamma spectroscopy data that is documented in INL/EXT-14-31843 Rev 0. The specimens measured 
in this report cover the range of the various graphite types and irradiation conditions (temperature and 
dose).  

Described in words the calculation is carried out as follows:  

• The mass loss of an individual specimen is normalized to the initial mass of that specimen  

• This fraction is multiplied by the activity per specimen of each isotope found in that graphite grade 
and summed for all isotopes present. 

• This calculation is performed for each specimen of each different graphite grade and summed to 
arrive at the total activity that was potentially released to the environment. 
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Mathematically the calculation of total activity of the specimen mass loss is represented by, 

𝐴𝐴 = ∑ �∑ �∑ �𝑚𝑚𝑗𝑗,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝑚𝑚𝑗𝑗,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑚𝑚𝑗𝑗,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
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𝑔𝑔
𝑖𝑖=1   EQ. 1 

Where, 

A = Total activity of all graphite specimens heated above 100°C 

g = different graphite types/grades 

r = different radionuclides or isotopes contained in the graphite type/grade 

n = number of specimens in each type/grade of graphite 

minitial = mass of specimen prior to heating above 100°C 

mfinal = mass of specimen after heating above 100°C 

a = activity of the specific radionuclide found in the specific graphite grade/type in µCi/specimen. 

 

Table 1: Analytical balance used for performing mass measurements 

Balance used:  
Sartorius ME235P  

Accuracy: 0.00019 g 

INL Cal ID: 412642 

Cal Due Date: 5/25/2017 
 
As of November 1, 2017, the following modified emission factors can be applied to the calculation of the 
irradiated graphite source term per EPA guidance, Appendix C, D and E. These modified emission 
factors are determined based on the temperature to which the specimen is heated relative to the 
materials melting and boiling point.   
  
1. An emission factor of 1 will be applied to radioactive solid materials heated to temperatures greater 
than or equal to 90 percent of the boiling or subliming point. 
  
2. An emission factor of 10E-3 will be applied to radioactive solid materials heated to temperatures 
greater than or equal to their melting point but less than 90 percent of their boiling or subliming point. 
  
3. An emission factor of 10E-6 will be applied to radioactive solid materials heated to temperatures 
above ambient temperature but less than their melting point. 
 
These modified emission factors are determined based on the temperature to which the specimen is 
heated relative to the materials melting and boiling point.  Although the AGC graphite specimens are 
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normally heated to <1000°C a conservative temperature of 1200°C was used to determine the modified 
emission factors, Table 2.  
  
These modified emission factors are applied to the calculation of the irradiated graphite source term as 
shown in the equation 2.  
 

𝐴𝐴 = ∑ �∑ [∑ (𝑎𝑎𝑘𝑘𝑟𝑟
𝑘𝑘=1 𝑓𝑓𝑘𝑘)]𝑗𝑗𝑛𝑛

𝑗𝑗=1 �
𝑖𝑖

𝑔𝑔
𝑖𝑖=1   EQ. 2 

 
Where, 

A = Total activity of all graphite specimens heated above 100°C 

g = different graphite types/grades 

r = different radionuclides or isotopes contained in the graphite type/grade 

n = number of specimens in each type/grade of graphite 

f = modified emission factor of the specific radionuclide determined for a specimen heating 
temperature of 1200°C, Table 2. 

 

Table 2: Modified Emission Factors base on a 
specimen heating temperature of 1200°C. 
Element M.P. (°C)4  B.P. (°C)4 Emission Factor 

SC 1541 2836 1x10E-6 
Mn 1246 2061 1x10E-6 
Co 1495 2927 1x10E-6 
Zn 420 907 1 
Zr 1851 4406 1x10E-6 

Mb 1016 3074 1x10E-3 
Ag 962 2162 1x10E-3 
Cs 28.5 671 1 
Ce 799 3443 1x10E-3 
Eu 822 1529 1x10E-3 

 

ASSUMPTIONS 

• This calculation conservatively assumes activated metal contaminants in the graphite are vaporized 
and escape to the atmosphere in the same ratio as the overall mass loss of the graphite itself. For 
example if 1% of the graphite is lost this calculation assumes 1% of the radionuclides are lost to the 
atmosphere. The emission factor technique attempts to consider the various vapor pressures of the 
isotopes, however, it should be noted that any activated species contained within the graphite that 
could potentially vaporize during heating will condense almost immediately as it leaves the heated 
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portion of the furnace. It should also be noted that all off-gases are exhausted through a dispersed 
oil particulate (DOP) qualified high-efficiency particulate air filter system and that the measurement 
apparatus and off-gas tubing is routinely monitored by Radiological Control technicians for 
unexpected contamination that would come from the heated graphite specimens.  

• Thirteen of the specimens showed an increase in mass, but in all of these cases the increase was 
less than the accuracy (+/- 190 µg) of the balance, therefore they were not included in the 
calculation(appendix A). 

• Metal containments of graphite types 2114 and PCIB are similar to IG-110, therefore the gamma 
spectroscopy data for IG-110 was used. 

• Because the gamma spectroscopy measurements were made on 0.5” dia. × 1.0” lg. “creep” 
specimens the 0.5” dia. × 0.25” lg. “piggy back” specimens are assumed to have ¼ of the activity of 
a “creep” specimen. 

• Gamma spectroscopy was performed on high dose specimens located in the center of the AGC 
experiment and low dose specimens located at the periphery of the experiment. It is assumed that 
an averaged activity of these two extremes represent an average for all specimens irradiated. 

• There was approximately a 1 year duration between the time that the gamma spectroscopy 
measurements were made and the specimens were heated. No isotope decay credit was taken on 
these values. This is assumed to represent a worst case value for the isotopic activity.  

COMPUTER CODE AND VALIDATION 

Attached in Appendix A is an Excel spread sheet with the mass measurements of all irradiated graphite 
specimens heated above 100°C in IRC C18 during calendar year 2016. The spread sheet contains the 
mass of individual specimens pre and post heating and the table of gamma spectroscopy 
measurements made on 12 different samples that represent 6 different graphite types and irradiation 
histories (INL/EXT-14-31843 Rev 0). This spread sheet uses the above described method to calculate 
a total activity of the lost material. It has been reviewed internally by the graphite program (David 
Swank and David Rohrbaugh) and independently by Todd Echeverria, Radiological Engineering, 
William Bauer, Chemical and Radiation Measurements, Robert Montgomery, Regulatory Compliance – 
Environmental, and Mark Verdoorn, Regulatory and Monitoring Services. John Espinosa, Regulatory 
Compliance – Environmental has reviewed calculations using the emission factor method in Appendix 
F. Independent concurrence with the method and accuracy of the spreadsheet calculations is contained 
in Appendix B. 
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Appendix A 
 

Mass Measurements and Isotope Activity Calculation Excel Spread Sheet 
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Appendix B 
 

Concurrence with Methods and Calculations 
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Appendix C 
DOE-ID Letter Requesting EPA Approval to Use Physical State Factors in 

Calculating Source Term OS-ESD-17-056 
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Appendix D 
DOE-ID Letter Providing Additional Information (Acceptable References for Melting, 

Subliming and Boiling Points) to the Original Request for EPA Approval to Use Physical 
State Factors in Calculating Source Term OS-ESD-17-100
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Appendix E 
EPA Approval to Use Modified Emission Factors –  

Donald Dossett rcvd 10-19-2017
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Appendix F 
Comparison of Isotope Activity Calculation  

 

 

 


