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Introduction 
 
The transuranic inventory of the second beryllium reflector irradiated in the Engineering Test 
Reactor (ETR) has been estimated using a combination of computer modeling and physical 
sampling.  This Engineering Design File (EDF) presents the methods, limitations, and results of 
the computer modeling used to estimate this inventory.  The Monte Carlo N-Particle computer 
code, MCNP, version 5 release 1.30 [2] and the radionuclide generation and depletion computer 
code, ORIGEN2 version 2.1 [3] were used to model and analyze the ETR beryllium reflector.  A 
single point on the top of the ETR reflector was sampled and the data was used to verify and 
adjust the model results of the entire ETR reflector.  The determination of the ETR reflector 
transuranic activity is necessary to permit the determination of total ETR vessel transuranic 
activity for disposal purposes.   
 
Background 
 
The ETR was constructed with a beryllium reflector surrounding the core.  The ETR core first 
went critical in 1957 and was operated from 1958 until 1972, during which it supported water 
loop testing programs.  Conversion of the ETR to support fast breeder reactor programs was 
started in May 1973.  In support of this effort, a sodium loop safety facility (SLSF) was installed 
in the northeast (NE) quadrant of the ETR core.  The first reflector was utilized until March 1970 
when it was determined to be embrittled due to radiation damage or hydrogen generation within 
the beryllium.  The first reflector was then replaced with a second new beryllium reflector which 
was 4.5 inches thick and 37.5 inches high.  The second beryllium reflector was constructed with 
ten slabs stacked on top of each other to form each side.  Four of the stacks surrounded the 
core, resulting in a total of 40 slabs.  The first beryllium reflector experienced 380,002 MWd of 
irradiation while the second reflector experienced about 120,102 MWd of irradiation.        
 
Since it is known that beryllium metal can contain small amounts of uranium as an impurity, it is 
the purpose of this study to determine the transuranic inventory residing in the second ETR 
reflector.  This determination is based partly on measured data obtained from a beryllium 
sample taken from the top of the ETR reflector plug, and computer code calculations that 
extrapolate these measured results to the entire reflector.  All measured data were decay 
corrected to June 2006.  Radionuclide inventories were estimated by first creating a detailed 
computer model of the ETR reactor core and the structures near it. The MCNP code was then 
used to determine the neutron flux and various neutron reaction rates for each side of the 
reflector and the reflector plug. Using the calculated neutron flux data, the ORIGEN2 (Version 
2.1) code was then used with the average reactor power history, component masses, cross-
section data, and the estimated material composition of the beryllium reflector to determine the 
transuranic radioisotopes that exist in this reflector as of February 2006.  The result of this 
analysis indicates that the average transuranic inventory of the whole reflector is 177 nCi/gm. 
 
Assumptions 
 
Various assumptions were made in order to complete the analysis.  The assumptions are listed 
here along with the effects the assumptions have on the final results. 
 

1. All Cs-137 is produced from the fission of U-235.  This assumption provides a 
conservative estimate of the initial uranium concentration by neglecting contributions 
from other sources of production such as U-233, U238, Pu-239, etc. 
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2. All transuranics are produced from the activation of uranium. This assumption provides a 
conservative estimate of the initial uranium concentration by neglecting contributions 
from other sources of production such as Th-232. 

3. The current beryllium was irradiated in two distinctly separate campaigns [4] with a 
decay period in between. The first was for 107,726 MWd during 1971 and 1972 before 
the SLSF was installed, and the second was for 12,376 MWd from 1975 through 1981 
after the SLSF was installed. The decay time between campaigns is assumed to be 730 
days (Jan.1, 1973 to Jan. 1, 1975). 

4. The total MWd of irradiation are averaged over the operating campaign to determine the 
reactor power for the activation. This causes an error for short lived isotopes, which are 
of no consequence to this analysis, while the effect on the long-lived isotopes of concern 
is insignificant. 

5. The ratio of the sampled results to the calculated results is applied to the entire ETR 
reflector. 

6. TRU waste is defined [5] as waste containing more than 100 nCi of alpha emitting 
transuranic isotopes with half-lives greater than 20 years per gram of waste. 

 
MCNP Model 
 
The model of the ETR was developed using MCNP version 5, release 1.30 and consists of 
explicitly modeled components and homogenous mixtures in areas deemed appropriate.  
Dimensions within the model were based on text descriptions from Kaiser et. al. [6] and Phillips 
Petroleum Company [7], as well as various drawings [8].  The core configuration modeled 
contained 49 fuel elements (no longer present in the vessel core) and all the In-Pile tubes (IPTs) 
filled with water.  The explicitly modeled components include: 
 

• Fuel plates 
• In-Pile tubes 
• Control rods 
• Control rod guide tubes 
• Beryllium reflector (simplified geometry) 
• Aluminum reflector (simplified geometry) 

 
The rest of the reactor components were modeled as homogenous mixtures of the major 
materials in the volume occupied by the component.  A cross section view of the ETR core near 
the mid-plane is shown in Figure 1. 
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Figure 1: MCNP model of the ETR reactor before the SLSF was installed (left) and after the SLSF 
was installed (right) shown at the core mid-plane. 

  
 
Analysis and Calculations 
 
The neutron flux was determined using the full core explicit 3-D MCNP model of the ETR.  
Neutron flux tallies were configured for each side (North, South, East, and West) of the 
beryllium reflector. The neutron flux is the average flux for the whole side of the reflector.  The 
material composition for the beryllium reflector is shown in Table 1 [9]. The referenced material 
analysis did not list uranium as an element for analysis. However, uranium is typically an 
impurity in beryllium. Thus,10 ppm uranium was added to the beryllium used in the MCNP 
model as an estimate of the uranium impurity.  
 

Table 1: Beryllium reflector composition. 

Element 
Impurity 

w/o 
Beryllium 99.618400%
Boron 0.000100%
Carbon 0.060000%
Nitrogen 0.017000%
Magnesium 0.005000%
Aluminum 0.058000%
Silicon 0.032000%
Titanium 0.015000%
Chromium 0.004000%
Manganese 0.014000%
Iron 0.140000%
Cobalt 0.000500%
Nickel 0.027000%
Copper 0.008000%
Uranium 0.001000%
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The MCNP model was also used to generate the collapsed 1-group cross section for the various 
reactions of interest.  MCNP calculates a reaction rate of the form ∫ dEEE )()( σϕ . Dividing by 
the integrated flux provides the microscopic cross section for the reaction of interest.  The ETR 
model used standard cross section libraries distributed with the MCNP code. 

 
MCNP reports tally results normalized per fission neutron.  The flux tallies have units of 
neutrons / cm2 per fission neutron.  To scale the results to the reactor operating conditions, the 
results are multiplied by normalization factors.  The normalization factors used for the flux tallies 
are listed below. 

 
Neutron Flux Normalization Factor 
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The flux, reaction rates, power history, and material composition were input into ORIGEN2 to 
calculate the isotopic inventory at a specific time.  The power history was estimated using ETR 
documentation [10], [11].  A sample from the second ETR reflector (top of the reflector plug) 
was taken and analyzed by Southwest Research Institute as detailed in Appendix B to 
determine the uranium concentration in the beryllium.  This concentration was used to calculate 
the beryllium reflector transuranic inventory and ultimately the ETR vessel transuranic inventory.  
Since the uranium impurity in the ETR beryllium is unknown, analysis was performed on the 
sample taken from the top of the reflector plug of the second ETR reflector to determine the 
uranium concentration in the beryllium.  Since this was an irradiated sample, the initial uranium 
concentration had to be back calculated from the sample results.  Within the ORIGEN2 input 
file, the uranium concentration of the beryllium was adjusted to the calculated value based on 
the sampling results. 
 
Software 
 
The two computer codes (MCNP, ORIGEN2) used to perform the beryllium transuranic 
inventory estimate are listed as verified and validated (V&V’d) software in the Idaho National 
Laboratory (INL) Enterprise Architecture Repository and are accepted as qualified scientific and 
engineering analysis software.  The software V&V tracking numbers are listed in Table 2.  The 
computer configurations used to perform the analysis are listed in Tables 3 and 4. 
 

Table 2: INL qualified analysis software version and tracking number. 

Code Name Version 
V&V 

Tracking Number 
MCNP 5 (Release 1.30) 171103 

ORIGEN2 2.1 64556 
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Table 3: Computer configuration for INL qualified MCNP5 installations. 
Computer  

System 
Name Computer Model Processor Operating System 

Property 
Number 

parrjr Dell Precision 670 Dual Intel Xeon Windows XP 375414 

OZONE 

230 Sun Microsystems V20z 
nodes, two AMD Opteron 
Model 248 CPUs (2.2GHz) 
per node, 4GB RAM per 
node. 

AMD Opteron Mandrake Linux 
10.0, gcc version 

3.3.2-6.1 mdk, 
kernel version 

2.6.3-11 mdksmp 

N/A 

 
Table 4: configuration for INL qualified ORIGEN2 installations. 

Computer  
System 
Name Computer Model Processor Operating System 

Property 
Number 

parrjr Dell Precision 670 Dual Intel Xeon Windows XP 375414 
 
 
Data Retention 
 
The input, output, and data files generated to support this analysis and EDF will be recorded to 
a CD or DVD and stored within the project file. 
 
Results 
 
Beryllium Reflector Transuranic Activity 
 
The concentration of the uranium in the reflector beryllium was calculated to be 6933 µg/kg or 
6.9 ppm. The calculation is shown in Appendix A.  The MCNP calculated neutron flux and 
collapsed 1-group cross sections used for the sample location are shown in Tables 5 and 6.  
The differences between the sample results and the modeling data are shown in Table 7.  The 
complete sampling results are provided in Appendix B.  In 2003, modeling of the Advanced Test 
Reactor beryllium demonstrated that the methodology used predicts plutonium generation 
accurately, while the total transuranic inventory is not predicted as accurately.  The total 
transuranic inventory in the report was under predicted by roughly 70%.  Therefore, a 
conservative approach for the prediction of the transuranic inventory in the ETR beryllium 
incorporates the use of scaling factors calculated from the differences in the sampled data and 
the modeling data. These scaling factors are also shown in Table 7. 
 

Table 5: Neutron flux at the sample location. 

Model 
1 MW Flux 
(n/cm2-s) 

Before SLSF 5.078E+11 
After SLSF 2.635E+11 
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Table 6: Cross sections calculated with MCNP at the sample location. 
Cross Sections (barns) 

Isotope N,G N,2N N,3N or N,A N,F or N,P 
Th-232 5.253E+00 2.051E-03 2.403E-05 8.823E-03 
Th-233 7.134E+02 9.162E-03 6.369E-05 9.115E+00 
Pa-231 3.609E+01 5.887E-04 1.051E-05 5.546E-02 
U-233 2.644E+01 7.177E-04 2.542E-07 2.808E+02 
U-234 6.329E+01 2.166E-04 3.962E-06 4.155E-01 
U-235 5.173E+01 1.509E-03 1.736E-06 2.935E+02 
U-236 8.713E+00 1.065E-03 1.775E-05 1.764E-01 
U-237 2.425E+02 3.005E-03 3.540E-05 1.208E+00 
U-238 6.420E+00 1.879E-03 1.457E-05 3.621E-02 
U-239 1.402E+01 8.169E-03 9.193E-05 1.192E+01 
U-240 4.429E+00 4.312E-03 9.724E-05 2.750E-02 
Np-235 9.230E+02 5.665E-04 1.067E-05 2.123E-01 
Np-236 5.239E+01 1.602E-03 5.523E-06 1.323E+03 
Np-237 1.073E+02 4.288E-04 5.764E-07 1.951E-01 
Np-238 5.239E+01 1.921E-03 1.115E-05 1.095E+03 
Pu-237 2.772E+02 2.959E-04 4.536E-06 1.084E+03 
Pu-238 2.706E+02 6.195E-04 1.473E-05 8.803E+00 
Pu-239 1.822E+02 8.047E-04 9.615E-07 4.348E+02 
Pu-240 3.124E+02 3.253E-04 1.053E-06 2.719E-01 
Pu-241 1.958E+02 2.677E-03 4.745E-06 5.651E+02 
Pu-242 3.290E+01 8.414E-04 8.460E-06 1.581E-01 
Pu-243 4.916E+01 6.567E-03 5.505E-05 1.011E+02 
Am-241 3.636E+02 9.602E-05 3.657E-08 2.104E+00 
Am-242 7.703E+02 1.522E-03 1.002E-05 3.785E+03 
Am-243 7.286E+01 1.062E-04 1.325E-06 2.238E-01 
Cm-242 1.043E+01 2.379E-05 6.490E-08 1.646E+00 
Cm-243 3.420E+01 1.452E-03 2.134E-06 3.895E+02 
Cm-244 1.534E+01 5.032E-04 1.102E-05 7.096E-01 
Cm-245 1.634E+02 2.615E-03 1.270E-05 1.071E+03 
Cm-246 2.532E+00 6.905E-04 3.103E-05 2.898E-01 
Cm-247 4.012E+01 3.976E-03 2.658E-05 5.873E+01 
Cm-248 5.645E+00 8.499E-04 3.253E-05 3.830E-01 
Bk-249 6.901E+02 1.971E-04 2.782E-06 3.895E+00 
Cf-249 2.548E+02 6.634E-04 1.146E-06 8.564E+02 
Cf-250 1.062E+03 1.408E-03 2.059E-05 3.484E-01 
Cf-251 1.470E+03 4.676E-03 2.862E-05 2.788E+03 
Cf-252 1.109E+01 1.104E-03 1.602E-05 1.832E+01 
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Table 7: Beryllium sample location modeling results. 

Isotope Units 
Sampling 
Results Uncertainty

% 
Uncertainty

Modleing 
Results 

Scaling 
Factor 

Cs-137 Ci/gm 5.000E-07 5.500E-08 11.0% 2.347E-07 2.130 
Th-232 g/gm 1.623E-07 2.610E-08 16.1% 1.608E-07 1.010 
U-233 g/gm 2.730E-09 3.917E-10 14.3% 2.277E-09 1.199 
U-234 g/gm 7.860E-10 2.267E-10 28.8% 5.060E-10 1.553 
U-235 g/gm 3.943E-09 8.873E-10 22.5% 8.475E-09 0.465 
U-236 g/gm 8.200E-09 1.067E-09 13.0% 6.079E-09 1.349 
U-238 g/gm 6.533E-06 6.703E-07 10.3% 6.661E-06 0.981 
Pu-238 Ci/gm 1.440E-08 1.575E-09 10.9% 2.894E-09 4.976 
Pu-239/240 Ci/gm 1.508E-08 1.625E-09 10.8% 1.016E-08 1.484 
Pu-241 Ci/gm 3.275E-07 6.825E-08 20.8% 1.813E-07 1.806 
Pu-242 g/gm 1.207E-08 1.307E-09 10.8% 2.819E-09 4.281 
Am-241 Ci/gm 4.273E-08 3.300E-09 7.7% 2.125E-08 2.011 
Am-243 g/gm 7.530E-10 1.250E-10 16.6% 1.099E-10 6.852 
Cm-242 Ci/gm 3.025E-10 1.800E-10 59.5% 3.712E-11 8.149 
Cm-243/244 Ci/gm 3.800E-09 7.575E-10 19.9% 3.535E-10 10.750 
Cm-245 g/gm 1.547E-11 5.083E-11 328.7% 8.50E-14 182 
Cm-246 g/gm 2.057E-11 5.143E-11 250.1% 1.16E-14 1781 
Cm-247 g/gm 1.557E-11 5.083E-11 326.5% 1.82E-17 856742 

 
Tables 8 through 11 show the modeling results from ORIGEN along with the scaled results 
using the scaling factors given in Table 7 for each of the four sides of the reflector.   Note that 
even though there are large scaling factors in Table 7, they do not result in large changes in the 
total transuranic inventory of the beryllium.  Also note that the isotopes for plutonium, 
americium, and curium account for approximately 99% of the TRU inventory.  Tables 8 through 
11 also include comments on the choice of scaling factors when sample data was not provided 
for the specific transuranic isotope and therefore a specific scaling factor could not be 
calculated. The transuranic inventory for the sampled location of the plug is shown in Table 12. 
The average for the total reflector is shown in Table 13. 
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Table 8: Transuranic inventory for the ETR reflector North side. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling
Factor
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 6.20E-13 6.20E-04 4.976 3.08E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 2.09E-08 2.09E+01 4.976 1.04E+02 Pu-238 scaling factor. 
Pu-239 3.90E-09 3.90E+00 1.484 5.78E+00 Pu-239/240 scaling factor. 
Pu-240 9.11E-09 9.11E+00 1.484 1.35E+01 Pu-239/240 scaling factor. 
Pu-242 1.35E-10 1.35E-01 4.281 5.76E-01 Pu-242 scaling factor. 
Pu-244 6.54E-17 6.54E-08 4.976 3.26E-07 Largest plutonium scaling factor. 
Am-241 4.18E-08 4.18E+01 2.011 8.41E+01 Am-241 scaling factor. 
Am-242M 2.51E-10 2.51E-01 6.852 1.72E+00 Largest americium scaling factor. 
Am-243 1.09E-09 1.09E+00 6.852 7.45E+00 Am-243 scaling factor. 
Cm-243 1.03E-10 1.03E-01 10.750 1.11E+00 Cm-243/244 scaling factor. 
Cm-245 6.51E-12 6.51E-03 182 1.18E+00 Cm-245 scaling factor. 
Cm-246 9.74E-12 9.74E-03 1781 1.73E+01 Cm-246 scaling factor. 
Cm-247 2.05E-17 2.05E-08 856742 1.75E-02 Cm-247 scaling factor. 
Cm-248 1.12E-16 1.12E-07 856742 9.61E-02 Largest curium scaling factor. 
Cm-250 5.69E-24 5.69E-15 856742 4.87E-09 Largest curium scaling factor. 
Cf-249 4.44E-16 4.44E-07 856742 3.81E-01 Largest curium scaling factor. 
Cf-251 1.12E-17 1.12E-08 856742 9.60E-03 Largest curium scaling factor. 
Total 7.73E-08 77   237   

 
Table 9: Transuranic inventory for the ETR reflector South side. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling
Factor
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 3.34E-13 3.34E-04 4.976 1.66E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 7.94E-09 7.94E+00 4.976 3.95E+01 Pu-238 scaling factor. 
Pu-239 4.16E-09 4.16E+00 1.484 6.18E+00 Pu-239/240 scaling factor. 
Pu-240 6.86E-09 6.86E+00 1.484 1.02E+01 Pu-239/240 scaling factor. 
Pu-242 1.84E-11 1.84E-02 4.281 7.89E-02 Pu-242 scaling factor. 
Pu-244 4.23E-19 4.23E-10 4.976 2.10E-09 Largest plutonium scaling factor. 
Am-241 2.74E-08 2.74E+01 2.011 5.50E+01 Am-241 scaling factor. 
Am-242M 1.23E-10 1.23E-01 6.852 8.43E-01 Largest americium scaling factor. 
Am-243 4.93E-11 4.93E-02 6.852 3.38E-01 Am-243 scaling factor. 
Cm-243 1.80E-11 1.80E-02 10.750 1.93E-01 Cm-243/244 scaling factor. 
Cm-245 4.94E-14 4.94E-05 182 8.98E-03 Cm-245 scaling factor. 
Cm-246 1.59E-14 1.59E-05 1781 2.83E-02 Cm-246 scaling factor. 
Cm-247 1.00E-20 1.00E-11 856742 8.59E-06 Cm-247 scaling factor. 
Cm-248 1.40E-20 1.40E-11 856742 1.20E-05 Largest curium scaling factor. 
Cm-250 1.49E-29 1.49E-20 856742 1.27E-14 Largest curium scaling factor. 
Cf-249 3.05E-20 3.05E-11 856742 2.61E-05 Largest curium scaling factor. 
Cf-251 3.30E-22 3.30E-13 856742 2.83E-07 Largest curium scaling factor. 
Total 4.65E-08 47   112   
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Table 10: Transuranic inventory for the ETR reflector West side. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling
Factor
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 4.89E-13 4.89E-04 4.976 2.43E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 1.41E-08 1.41E+01 4.976 7.04E+01 Pu-238 scaling factor. 
Pu-239 4.06E-09 4.06E+00 1.484 6.02E+00 Pu-239/240 scaling factor. 
Pu-240 8.31E-09 8.31E+00 1.484 1.23E+01 Pu-239/240 scaling factor. 
Pu-242 5.06E-11 5.06E-02 4.281 2.16E-01 Pu-242 scaling factor. 
Pu-244 4.35E-18 4.35E-09 4.976 2.17E-08 Largest plutonium scaling factor. 
Am-241 3.78E-08 3.78E+01 2.011 7.59E+01 Am-241 scaling factor. 
Am-242M 1.97E-10 1.97E-01 6.852 1.35E+00 Largest americium scaling factor. 
Am-243 2.22E-10 2.22E-01 6.852 1.52E+00 Am-243 scaling factor. 
Cm-243 4.84E-11 4.84E-02 10.750 5.21E-01 Cm-243/244 scaling factor. 
Cm-245 4.74E-13 4.74E-04 182 8.63E-02 Cm-245 scaling factor. 
Cm-246 2.87E-13 2.87E-04 1781 5.11E-01 Cm-246 scaling factor. 
Cm-247 3.00E-19 3.00E-10 856742 2.57E-04 Cm-247 scaling factor. 
Cm-248 7.30E-19 7.30E-10 856742 6.26E-04 Largest curium scaling factor. 
Cm-250 3.88E-27 3.88E-18 856742 3.32E-12 Largest curium scaling factor. 
Cf-249 2.10E-18 2.10E-09 856742 1.80E-03 Largest curium scaling factor. 
Cf-251 3.48E-20 3.48E-11 856742 2.98E-05 Largest curium scaling factor. 
Total 6.48E-08 65   169   

 
Table 11: Transuranic inventory for the ETR reflector East side. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling
Factor
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 5.05E-13 5.05E-04 4.976 2.51E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 1.75E-08 1.75E+01 4.976 8.69E+01 Pu-238 scaling factor. 
Pu-239 4.14E-09 4.14E+00 1.484 6.14E+00 Pu-239/240 scaling factor. 
Pu-240 8.48E-09 8.48E+00 1.484 1.26E+01 Pu-239/240 scaling factor. 
Pu-242 5.44E-11 5.44E-02 4.281 2.33E-01 Pu-242 scaling factor. 
Pu-244 4.40E-18 4.40E-09 4.976 2.19E-08 Largest plutonium scaling factor. 
Am-241 3.91E-08 3.91E+01 2.011 7.86E+01 Am-241 scaling factor. 
Am-242M 2.33E-10 2.33E-01 6.852 1.60E+00 Largest americium scaling factor. 
Am-243 2.50E-10 2.50E-01 6.852 1.72E+00 Am-243 scaling factor. 
Cm-243 6.05E-11 6.05E-02 10.750 6.51E-01 Cm-243/244 scaling factor. 
Cm-245 5.78E-13 5.78E-04 182 1.05E-01 Cm-245 scaling factor. 
Cm-246 3.58E-13 3.58E-04 1781 6.37E-01 Cm-246 scaling factor. 
Cm-247 3.96E-19 3.96E-10 856742 3.39E-04 Cm-247 scaling factor. 
Cm-248 1.01E-18 1.01E-09 856742 8.64E-04 Largest curium scaling factor. 
Cm-250 3.85E-27 3.85E-18 856742 3.30E-12 Largest curium scaling factor. 
Cf-249 3.06E-18 3.06E-09 856742 2.62E-03 Largest curium scaling factor. 
Cf-251 5.39E-20 5.39E-11 856742 4.62E-05 Largest curium scaling factor. 
Total 6.98E-08 70   189   
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Table 12: Transuranic inventory for the sample location of the beryllium plug. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling
Factor
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 2.71E-13 2.71E-04 4.976 1.35E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 2.82E-09 2.82E+00 4.976 1.40E+01 Pu-238 scaling factor. 
Pu-239 4.19E-09 4.19E+00 1.484 6.22E+00 Pu-239/240 scaling factor. 
Pu-240 5.88E-09 5.88E+00 1.484 8.72E+00 Pu-239/240 scaling factor. 
Pu-242 1.04E-11 1.04E-02 4.281 4.45E-02 Pu-242 scaling factor. 
Pu-244 2.03E-19 2.03E-10 4.976 1.01E-09 Largest plutonium scaling factor. 
Am-241 2.12E-08 2.12E+01 2.011 4.25E+01 Am-241 scaling factor. 
Am-242M 4.49E-11 4.49E-02 6.852 3.08E-01 Largest americium scaling factor. 
Am-243 2.10E-11 2.10E-02 6.852 1.44E-01 Am-243 scaling factor. 
Cm-243 7.29E-12 7.29E-03 10.750 7.84E-02 Cm-243/244 scaling factor. 
Cm-245 1.42E-14 1.42E-05 182 2.58E-03 Cm-245 scaling factor. 
Cm-246 3.35E-15 3.35E-06 1781 5.96E-03 Cm-246 scaling factor. 
Cm-247 1.60E-21 1.60E-12 856742 1.37E-06 Cm-247 scaling factor. 
Cm-248 1.67E-21 1.67E-12 856742 1.43E-06 Largest curium scaling factor. 
Cm-250 3.30E-30 3.30E-21 856742 2.83E-15 Largest curium scaling factor. 
Cf-249 3.07E-21 3.07E-12 856742 2.63E-06 Largest curium scaling factor. 
Cf-251 2.68E-21 2.68E-12 856742 2.29E-06 Largest curium scaling factor. 
Total 3.41E-08 34   72   

 
Table 13: Average transuranic inventory for the whole ETR reflector. 

Element 

Origen 
Result 
(Ci/gm) 

Origen 
Result 

(nCi/gm) 

Scaling 
Factor 
Used 

Scaled 
Result 

(nCi/gm) Comments 

Np-237 4.87E-13 4.87E-04 4.98E+00 2.42E-03 
Used the largest scaling factor for the 
uraniums and plutoniums. 

Pu-238 1.51E-08 1.51E+01 4.98E+00 7.51E+01 Pu-238 scaling factor. 
Pu-239 4.06E-09 4.06E+00 1.48E+00 6.03E+00 Pu-239/240 scaling factor. 
Pu-240 8.19E-09 8.19E+00 1.48E+00 1.21E+01 Pu-239/240 scaling factor. 
Pu-242 6.45E-11 6.45E-02 4.28E+00 2.76E-01 Pu-242 scaling factor. 
Pu-244 1.87E-17 1.87E-08 4.98E+00 9.28E-08 Largest plutonium scaling factor. 
Am-241 3.65E-08 3.65E+01 2.01E+00 7.34E+01 Am-241 scaling factor. 
Am-242M 2.01E-10 2.01E-01 6.85E+00 1.38E+00 Largest americium scaling factor. 
Am-243 4.02E-10 4.02E-01 6.85E+00 2.76E+00 Am-243 scaling factor. 
Cm-243 5.75E-11 5.75E-02 1.08E+01 6.18E-01 Cm-243/244 scaling factor. 
Cm-245 1.90E-12 1.90E-03 1.82E+02 3.46E-01 Cm-245 scaling factor. 
Cm-246 2.60E-12 2.60E-03 1.78E+03 4.63E+00 Cm-246 scaling factor. 
Cm-247 5.29E-18 5.29E-09 8.57E+05 4.54E-03 Cm-247 scaling factor. 
Cm-248 2.85E-17 2.85E-08 8.57E+05 2.44E-02 Largest curium scaling factor. 
Cm-250 1.42E-24 1.42E-15 8.57E+05 1.22E-09 Largest curium scaling factor. 
Cf-249 1.12E-16 1.12E-07 8.57E+05 9.63E-02 Largest curium scaling factor. 
Cf-251 2.82E-18 2.82E-09 1.82E-17 5.13E-26 Largest curium scaling factor. 
Total 6.46E-08 65   177   
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The results above contain some conservative assumptions made when quantities were not 
explicitly known.  These conservative assumptions along with an explanation are listed below. 
 

• The scaling factors were determined by calculating a ratio using the sampled data and 
the modeled results for the specified sampled region. 

• The initial mass of the uranium included measured Cs-137 concentration, the uranium, 
and the actinide concentrations (all isotopes were decay corrected to 1981).   

• All Cs-137 was assumed to originate from U-235, neglecting any fission contribution 
from U-233.  The yield of Cs-137 from U-235 fission is 6.19%, which is lower than the 
yield from either Pu-239 fission at 6.61% or U-233 fission at 6.76%, thus increasing the 
initial uranium concentration. 

• All isotopes above U-233 (decay corrected to 1981) were assumed to have originated 
from uranium atoms, neglecting the activation of Th-232 and other isotopes. 

• All the sample data was assumed to be accurate and used as reported. 
• Although the uncertainty in some of the curium data (Cm-245, Cm246, Cm247) is as 

much as ± 300%, the largest scaling factor was used for Cm-248, Cm-250, Cf-249, and 
Cf-251. 

• If a scaling factor was not available for a specific isotope, the largest scaling factor for 
that element was used.  If there was not a scaling factor for any isotopes of the same 
element (e.g. Np-237, all californium isotopes), the largest scaling factor from the 
element with the closest atomic number was used.  

• With only one sampling position, it was assumed the scaling factors used to to match the 
ORIGEN2 results to the measured results were applicable for the whole reflector.  

• Because of the heterogeneous nature of the flux, the measured sample data could not 
be propagated directly through the reflector.  Not only does the magnitude of the flux 
change throughout the reflector, but the spectrum, and therefore the effective reaction 
cross sections, also change.  The sampled data was taken in a lower flux region with a 
slightly softened flux due to the moderator above the reflector.  It could not represent the 
highest flux, hardest spectrum region (roughly the inner side of the reflector in the middle 
of the north side) or the lowest flux softest spectrum region (roughly the outer side of the 
reflector in the southwest upper corner).  Using the modeled results and adjusting the 
values by applying the scaling factors, the scaled results are more conservative and 
more accurate than applying the raw sampled data to the entire reflector. 

 
Vessel Transuranic Activity 
 
The transuranic activity of the ETR vessel includes the contribution of the transuranics from the 
beryllium reflector and the other activated components.   
 
The transuranic activity in the reflector was determined to be 9.59 x107 nCi.  It was obtained by 
multiplying the average transuranic specific activity for the reflector, 177 nCi/gm, by the total 
beryllium mass, 5.424 x105 gm [12].   
 
The transuranic activity for the other activated components in the vessel was determined to be 
5.25 x107 nCi.  It was calculated using the total vessel source term of 59,273 Ci [13] and the 
scaling factors reported in EDF-6958 [14]. An explanation of the use of the scaling factors was 
provided by C. A. Nesshoefer [15]. The scaling factors extracted from EDF-6958 are provided in 
Appendix E. 
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The total transuranic activity for the ETR reactor is 1.484 x108 nCi, the sum of transuranic 
activities for both the reflector and other activated components in the vessel. 
 
Using the total metal mass of the ungrouted ETR vessel, 7.4535 x107 gm [12], the total 
transuranic specific activity for the ETR vessel is determined to be 1.99 nCi/gm.  The total 
transuranic inventory was calculated using data from EDF-6133 with the exception that the 
beryllium reflector transuranic data was replaced with transuranic concentrations based on 
beryllium sample data.  The beryllium reflector TRU inventory contribution and the remainder of 
the reactor TRU inventory in the total vessel TRU inventory is listed by isotope in Table 14. 
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Table 14: Vessel TRU inventory contribution by isotope. 

 

Element 

Origen 
Result 

(nCi/gm) 

Scaling 
Factor 
Used 

Scaled 
Result 

(nCi/gm) 

Total TRU
in 

Reflector
(nCi) 

Total TRU 
in Remainder of 

Reactor 
(nCi) 

Beryllium 
Contribution 

to Vessel TRU 
Inventory 
(nCi/gm) 

Remainder of 
Reactor 

Contribution to 
Vessel 

TRU Inventory 
(nCi/gm) 

Total 
(nCi/gm) 

Np-237 4.87E-04 4.98E+00 2.42E-03 1.31E+03 2.61E+02 1.76E-05 3.50E-06 2.11E-05 
Pu-238 1.51E+01 4.98E+00 7.51E+01 4.08E+07 5.69E+06 5.47E-01 7.63E-02 6.23E-01 
Pu-239 4.06E+00 1.48E+00 6.03E+00 3.27E+06 5.53E+06 4.39E-02 7.42E-02 1.18E-01 
Pu-240 8.19E+00 1.48E+00 1.21E+01 6.59E+06 4.14E+06 8.84E-02 5.55E-02 1.44E-01 
Pu-242 6.45E-02 4.28E+00 2.76E-01 1.50E+05 8.73E+03 2.01E-03 1.17E-04 2.13E-03 
Pu-244 1.87E-08 4.98E+00 9.28E-08 5.03E-02 1.30E-02 6.75E-10 1.74E-10 8.50E-10 
Am-241 3.65E+01 2.01E+00 7.34E+01 3.98E+07 2.23E+07 5.34E-01 3.00E-01 8.34E-01 
Am-242M 2.01E-01 6.85E+00 1.38E+00 7.47E+05   1.00E-02  1.00E-02 
Am-243 4.02E-01 6.85E+00 2.76E+00 1.49E+06 5.71E+04 2.01E-02 7.67E-04 2.08E-02 
Cm-243 5.75E-02 1.08E+01 6.18E-01 3.35E+05 2.21E+04 4.50E-03 2.96E-04 4.79E-03 
Cm-244 -- -- -- -- 1.47E+07 -- 1.97E-01 1.97E-01 
Cm-245 1.90E-03 1.82E+02 3.46E-01 1.88E+05 3.47E+03 2.52E-03 4.66E-05 2.57E-03 
Cm-246 2.60E-03 1.78E+03 4.63E+00 2.51E+06 1.91E+04 3.37E-02 2.56E-04 3.39E-02 
Cm-247 5.29E-09 8.57E+05 4.54E-03 2.46E+03 2.54E-01 3.30E-05 3.41E-09 3.30E-05 
Cm-248 2.85E-08 8.57E+05 2.44E-02 1.32E+04 7.44E+00 1.78E-04 9.99E-08 1.78E-04 
Cm-250 1.42E-15 8.57E+05 1.22E-09 6.62E-04 -- 8.88E-12 -- 8.88E-12 
Cf-249 1.12E-07 8.57E+05 9.63E-02 5.22E+04 -- 7.01E-04 -- 7.01E-04 
Cf-251 2.82E-09 1.82E-17 5.13E-26 2.78E-20 -- 3.73E-28 -- 3.73E-28 
Total 6.46E+01   1.77E+02 9.59E+07 5.25E+07 1.29 0.70 1.99E+00
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Appendix A 
 
Initial Uranium Mass Calculation for the Beryllium Reflector. 
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Appendix B 
 

Table 15: SWRI beryllium sample analysis results. 
#3 #4

Radioisotopes
Laboratory 
Technique EPA SW-846 Method

MDA or 
Reporting 
Limit TPU TPU Sample TRA782029A TPU

Laboratory Matrix 
QC Duplicate TPU Sample Average 

Am-241 Alpha Spec NA 220/150 pCi/g 3200 pCi/g 3400 pCi/g 43,900 pCi/g 3300 pCi/g 47,100 pCi/g 3500 pCi/g 44,275 pCi/g
Am-241 Gamma Spec NA 1700/ pCi/g 2900 pCi/g 3300 pCi/g 41,100 pCi/g 3300 pCi/g 45,400 pCi/g 3500 pCi/g 41,175 pCi/g
Am-243 ICP-MS Method 6020 modified 0.1 ug/kg 0.14 ug/kg 0.129 ug/kg 0.567 ug/kg 0.106 ug/kg — — 0.753 ug/kg
Pu-238 Alpha Spec NA 220/200 pCi/g 1300 pCi/g 1700 pCi/g 15,900 pCi/g 1600 pCi/g 15,500 pCi/g 1700 pCi/g 14,400 pCi/g

Pu-239/-240 Alpha Spec NA 69/64 pCi/g 1600 pCi/g 1700 pCi/g 14,400 pCi/g 1500 pCi/g 15,700 pCi/g 1700 pCi/g 15,075 pCi/g
Pu-241

Beta LSC NA
61,000/57,000 
pCi/g 63,000 pCi/g 71,000 pCi/g 359,000 pCi/g 68,000 pCi/g 383,000 pCi/g 71,000 pCi/g 327,500 pCi/g

Pu-242 ICP-MS Method 6020 modified 0.2 uCi/g 1.46 ug/kg 1.38 ug/kg 9.8 ug/kg 1.08 ug/kg — — 12.1 ug/kg
Cm-242 Alpha Spec NA 0.05 pCi/g 170 pCi/g 140 pCi/g 410 pCi/g 210 pCi/g 330 pCi/g 200 pCi/g 302.5 pCi/g

Cm-243/-244 Alpha Spec NA 150/210 pCi/g 620 pCi/g 800 pCi/g 4480 pCi/g 810 pCi/g 4520 pCi/g 800 pCi/g 3800 pCi/g
Cm-245 ICP-MS Method 6020 0.10 ug/kg 0.0508 ug/kg 0.0512 ug/kg 0.0152 ug/kg (U) 0.0505 ug/kg — — Below RL
Cm-246 ICP-MS Method 6020 0.10 ug/kg 0.0508 ug/kg 0.0527 ug/kg 0.0153 ug/kg (U) 0.0508 ug/kg — — Below RL
Cm-247 ICP-MS Method 6020 0.10 ug/kg 0.0508 ug/kg 0.0512 ug/kg 0.0153 ug/kg (U) 0.0505 ug/kg — — Below RL
U-233 ICP-MS Method 6020 modified 0.24 ug/kg 0.341 ug/kg 0.438 ug/kg 2.78 ug/kg 0.396 ug/kg — — 2.73 ug/kg
U-234 ICP-MS Method 6020 modified 0.30 ug/kg 0.231 ug/kg 0.222 ug/kg 0.803 ug/kg 0.227 ug/kg — — 0.786 ug/kg
U-235 ICP-MS Method 6020 modified 1.0 ug/kg 0.888 ug/kg 0.870 ug/kg 4.14 ug/kg 0.904 ug/kg — — 3.94 ug/kg
U-235

Gamma Spec NA
1600/1400 
pCi/g 960 pCi/g 850 pCi/g 50 pCi/g (U) 890 pCi/g 20 pCi/g (U) 860 pCi/g Below MDA

U-236 ICP-MS Method 6020 modified 0.5 ug/kg 1.18 ug/kg 1.04 ug/kg 7.35 ug/kg 0.980 ug/kg — — 8.2 ug/kg
U-238 ICP-MS Method 6020 modified 34.0 ug/kg 663 ug/kg 682 ug/kg 6489 ug/kg 666 ug/kg — — 6533 ug/kg

U (total) ICP-MS Method 6020 modified 34.0 ug/kg 662 ug/kg 681 ug/kg 6480 ug/kg 665 ug/kg — — 6525 ug/kg
Be-10 ICP-MS Method 6020 modified 0.200 mg/kg 1.62 mg/kg 1.62 mg/kg 14.4 mg/kg 1.64 mg/kg — — 14.27 mg/kg
Be-7 Gamma Spec NA 28,000 pCi/g 17,000 pCi/g 8600 pCi/g 2000 pCi/g 16,000 pCi/g (-) 11000 (U) 16,000 pCi/g Below MDA
H-3

Beta LSC NA
6.2 E+04/6.1 
E+04 pCi/g 1.0 E+07 pCi/g 1.0 E+07 pCi/g 1.97 E+08 pCi/g 9.5E+06 pCi/g 2.22 E+08 pCi/g 1.1E+07 pCi/g 2.11 E+08 pCi/g

Mn-54
Gamma Spec NA

3400/3200 
pCi/g 2100 pCi/g 1700 pCi/g 1300 pCi/g (U) 1900 pCi/g (-) 900 pCi/g (U) 1900 pCi/g Below MDA

C-14 Beta LSC NA 71/65 pCi/g 1762 pCi/g — 22,170 pCi/g 1514 pCi/g 17,520 pCi/g 1346 pCi/g 22,093 pCi/g
Co-60

Gamma Spec NA
1400/1200 
pCi/g 360,000 pCI/g 270,000 pCI/g 5,470,000 pCi/g 290,000 pCI/g 5,280,000 pCi/g 280,000 pCI/g 5,725,000 pCi/g

Nb-93 ICP-MS Method 6020 modified 0.020 mg/kg 0.137 mg/kg 0.14 mg/kg 1.26 mg/kg (J) 0.136 mg/kg — — 1.28 mg/kg
Nb-94 ICP-MS Method 6020 modified 0.020 mg/kg 0.011 mg/kg 0.0112 mg/kg 0.00643 mg/kg R 0.0104 mg/kg — — Below RL
N-14 CHN An. as total N ASTM D5291 0.05% — — <0.05% — — — <0.05%

Cs-137
Gamma Spec NA

2600/2400 
pCi/g 47,000 pCi/g 56,000 pCi/g 522,000 pCi/g 57,000 pCi/g 542,000 pCi/g 60,000 pCi/g 499,975 pCi/g

Ni-59 ICP-MS Method 6020 modified 0.08 mg/kg 0.272 mg/kg 0.255 mg/kg 1.93 mg/kg 0.233 mg/kg — — 2.91 mg/kg
Ni-63 ICP-MS Method 6020 modified 0.02 mg/kg 0.0526 mg/kg 0.0365 mg/kg 0.341 mg/kg 0.0439 mg/kg — — 0.345 mg/kg
Tc-99 ICP-MS Method 6020 modified 10 pCi/g 41.5 pCi/g 41.6 pCi/g 140 pCi/g 38.5 pCi/g — — 158.7 pCi/g
Sr-90 Gas Flow Proport.  NA 337/382 pCi/g 11,000 pCi/g 11,000 pCi/g 197,000 pCi/g 13,000 pCi/g 202,000 pCi/g 13,000 pCi/g 183,750 pCi/g
I-129 ICP-MS Method 6020 modified 2.00 mg/kg 0.63 mg/kg 0.631 mg/kg 0.615 mg/kg (UJ) 0.908 mg/kg — — Below RL
K-40 Gamma Spec NA 10,000 pCi/g 6200 pCi/g 5400 pCi/g 4500 pCi/g (U) 5600 pCi/g (-) 1900 pCi/g (U) 5500 pCi/g Below MDA

Th-232 ICP-MS Method 6020 modified 20.0 ug/kg 21.2 ug/kg 27.8 ug/kg 196 ug/kg 29.4 ug/kg — — 162.3 ug/kg

LABORATORY ANALYSES OF ETR BERYLLIUM REFLECTOR SAMPLE ANALYSES

178 ug/kg

6453 ug/kg 6641 ug/kg

167 pCi/g
173,000 pCi/g

1.30 mg/kg 
0.0125 mg/kg (U)

0.673 mg/kg (U)

<0.05%

508,000 pCi/g
2.15 mg/kg
0.266mg/kg

2.11 E+08 pCi/g

900 pCi/g (U) 
—

5,220,000 pCi/g

7.90 ug/kg
6650 ug/kg

14.2 mg/kg
(-) 3800 (U)

3.18 ug/kg
0.724 ug/kg
3.73 ug/kg

660 pCi/g (U)

4010 pCi/g
0.0150 ug/kg (U)
0.0301 ug/kg (U)
0.0151 ug/kg (U)

44,500 pCi/g
41,500 pCi/g

Laboratory Matrix 
QC Duplicate 

0.789 ug/kg

0.186 mg/kg (UJ)
(-) 4800 pCi/g (U) 

Sample 
TRA782019A

0.903 ug/kg

41,600 pCi/g

1.28 mg/kg (J)
(-) 0.0117 mg/kg R

169 pCi/g

113 ug/kg

14,600 pCi/g

2.33 mg/kg

<0.05%

0.427 mg/kg

12.8 ug/kg
210 pCi/g

14,900 pCi/g 15,300 pCi/g

312,000 pCi/g256,000 pCi/g

2.15 E+08 pCi/g

13.6 ug/kg

0.0162 ug/kg (U)
0.0163 ug/kg (U)

6460 ug/kg

0.83 ug/kg
3.96 ug/kg

(-) 21000 (U)

36,700 pCi/g

690 pCi/g (U)

11,600 pCi/g

260 pCi/g
2190 pCi/g

163,000 pCi/g

0.0163 ug/kg (U)
2.23 ug/kg

14.2 mg/kg

#1 #2

(-) 2700 pCi/g (U) 

(-) 2000 pCi/g (U) 
26,590 pCi/g

6,930,000 pCi/g

427,900 pCi/g

9.35 ug/kg

 
 
 
Table Notations: 
 

• "U" qualifiers indicate than an analyte was not detected above the laboratory's reporting limit. 
• "R" qualifiers  mean the accuracy of the data is so questionable that it is recomended the data not be used. 
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• "UJ" qualifiers indicates that the material was analyzed for, but was not detected. The associated value is an estimate and may 
be inaccurate or imprecise. 

• "J" qualifiers indicate the material was analyzed for and was detected at or above the applicable detection limit. The associated 
value is an estimate and may be inaccurate or imprecise. 

• "RL" stands for reporting limit. 
• "MDA" stands for minimum detectable activity. 
• "TPU" stands for total propagated uncertainty. The TPU is expressed as ± value(s) reported at 1 sigma.  For example, if  the 

sample value is 5 and the TPU is 1.05, then the sample result should be regarded as 5 ±1.05, indicating that the value could be 
6.05 or 3.95 at 1 sigma and 7.1 or 2.9 at 2 sigma. 
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Appendix C 
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Be 
Reflector 

Grid 
Plate I-Beams 

C-7 In-Pile 
Tube 

F-10 In-
Pile Tube 

M-13 In-
Pile Tube 

N-14 In-
Pile Tube 

Upper 
Support 
Frame 

Inner 
Tank 

Internal 
Thermal 
Shields 

External 
Thermal 
Shield 

External 
Tank 

Black Rod 
Poison 

Gray Rod 
Poison 

Total 
Not 

Including
Reflector 

Isotope (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) 

H-3 3.29E+04 4.75E+00 1.57E-06 1.48E-01 1.12E-01 1.12E-01 9.03E-02 3.83E-07 3.20E+00 9.50E-02 8.24E-04 1.91E-03 1.19E-01 1.40E-04 8.63E+00 

Be-10 3.73E-01 8.57E-07 2.73E-13 3.02E-08 8.40E-08 3.79E-08 1.94E-08 6.68E-14 5.84E-07 1.65E-08 1.82E-10 4.20E-10 1.95E-07 1.25E-06 3.08E-06 

C-14 2.97E+00 4.71E+00 1.31E-06 1.77E-01 5.42E-01 2.40E-01 1.17E-01 3.20E-07 3.18E+00 7.94E-02 7.19E-05 2.09E-04 1.25E+00 3.99E-04 1.03E+01 

Cl-36 3.63E-02 4.83E-02 1.04E-08 1.39E-03 3.91E-03 1.82E-03 9.12E-04 2.54E-09 2.51E-02 6.30E-04 1.62E-07 7.40E-07 7.94E-03 1.34E-05 9.00E-02 

Mn-54 9.16E-09 1.63E-06 3.11E-13 4.83E-08 1.64E-07 1.45E-07 6.30E-08 7.61E-14 7.56E-07 1.88E-08 1.03E-10 2.43E-10 3.74E-07 6.05E-09 3.20E-06 

Ni-59 2.69E-02 5.55E+00 7.31E-06 9.03E-01 1.74E+00 1.04E+00 5.76E-01 1.79E-06 1.70E+01 4.45E-01 1.14E-04 5.21E-04 2.17E+00 1.03E+02 1.32E+02 

Co-60 1.11E+00 5.51E+02 2.07E-04 2.98E+01 8.11E+01 5.80E+01 2.82E+01 5.08E-05 4.96E+02 1.26E+01 5.72E-03 2.04E-02 1.39E+02 5.76E+02 1.97E+03 

Ni-63 3.88E+00 6.35E+02 7.73E-04 1.03E+02 2.77E+02 1.37E+02 6.93E+01 1.90E-04 1.86E+03 4.71E+01 1.27E-02 5.55E-02 5.08E+02 2.06E+04 2.42E+04 

Zn-65 4.29E-11 3.85E-11 7.69E-18 1.31E-12 6.68E-12 4.62E-12 1.77E-12 1.87E-18 1.95E-11 4.66E-13 2.77E-15 1.38E-15 2.36E-11 3.22E-11 1.29E-10 

Sr-90 7.52E-01 4.87E-02 3.43E-09 1.36E-03 6.22E-03 2.72E-03 1.09E-03 8.40E-10 1.78E-02 2.11E-04 8.36E-07 2.01E-06 1.30E-02 3.27E-06 9.11E-02 

Nb-94 8.19E-03 4.75E+00 1.78E-08 2.35E-03 6.35E-03 3.05E-03 1.54E-03 4.33E-09 4.29E-02 1.08E-03 1.58E-06 4.20E-06 1.21E-02 3.24E-06 4.82E+00 

Tc-99 5.51E-04 3.22E-03 7.06E-10 9.03E-05 2.25E-04 1.13E-04 5.88E-05 1.72E-10 1.65E-03 4.24E-05 1.13E-08 5.08E-08 3.80E-04 1.07E-07 5.78E-03 

Ru-106 3.07E-07 3.85E-09 1.74E-17 1.21E-10 4.62E-10 4.62E-10 1.80E-10 4.24E-18 1.28E-09 1.44E-12 4.14E-15 9.96E-15 7.44E-10 1.67E-13 7.10E-09 

Ag-108m 3.50E-02 6.51E-02 1.42E-08 1.89E-03 5.17E-03 2.51E-03 1.27E-03 3.46E-09 3.41E-02 8.57E-04 4.20E-03 8.03E-06 9.25E-02 2.64E-06 2.08E-01 

Ag-110m 2.61E-11 1.23E-11 3.51E-18 4.18E-13 3.26E-13 7.65E-13 4.87E-13 8.57E-19 7.52E-12 2.13E-13 1.05E-12 1.99E-15 2.47E-11 3.91E-17 4.77E-11 

Sb-125 6.89E-04 2.85E-03 6.05E-10 9.33E-05 3.28E-04 2.48E-04 1.08E-04 1.48E-10 1.47E-03 3.67E-05 1.36E-07 4.33E-08 7.86E-04 1.51E-07 5.92E-03 

I-129 4.09E-06 9.50E-08 2.17E-15 2.57E-09 1.19E-08 5.04E-09 1.99E-09 5.34E-16 3.03E-08 1.38E-10 5.17E-13 1.24E-12 2.21E-08 6.09E-12 1.69E-07 

Cs-134 2.33E-03 3.27E-04 7.56E-11 1.08E-05 2.49E-05 2.55E-05 1.27E-05 1.85E-11 1.76E-04 4.58E-06 1.17E-09 5.38E-09 3.23E-05 8.32E-09 6.14E-04 

Cs-137 2.52E+00 1.01E-01 3.73E-09 2.79E-03 1.36E-02 5.93E-03 2.30E-03 9.12E-10 3.35E-02 2.32E-04 9.03E-07 2.17E-06 2.79E-02 7.06E-06 1.87E-01 

Ce-144 2.20E-09 3.71E-11 1.42E-18 1.18E-12 4.37E-12 4.33E-12 1.71E-12 3.47E-19 1.36E-11 8.91E-14 3.47E-16 8.32E-16 7.35E-12 1.63E-15 6.97E-11 

Eu-152 1.53E-02 3.74E-02 2.75E-07 1.57E-03 6.77E-06 9.46E-05 5.63E-04 6.72E-08 1.08E-01 1.64E-02 6.14E-04 1.39E-03 5.30E-06 1.76E-09 1.66E-01 

Eu-154 8.99E-01 9.03E-02 1.57E-08 2.75E-03 2.09E-03 3.18E-03 2.13E-03 3.85E-09 4.41E-02 9.54E-04 3.49E-05 7.94E-05 9.88E-04 3.69E-07 1.47E-01 

Pb-210 1.61E-11 1.66E-11 4.37E-14 4.13E-13 4.54E-12 9.29E-13 2.62E-13 8.82E-14 5.84E-12 3.37E-12 1.11E-12 2.22E-12 1.74E-11 3.78E-15 5.29E-11 

Ra-226 2.24E-11 4.08E-11 1.26E-13 1.04E-12 3.92E-12 1.41E-12 6.01E-13 2.56E-13 1.56E-11 9.71E-12 3.22E-12 6.43E-12 6.05E-12 2.01E-15 8.92E-11 

Ac-227 1.27E-07 5.08E-07 7.90E-13 1.48E-08 1.59E-08 1.27E-08 8.53E-09 1.35E-12 3.04E-07 8.53E-09 1.43E-10 3.24E-10 1.24E-08 4.62E-12 8.86E-07 

Th-228 6.30E-05 6.35E-05 4.96E-09 1.66E-06 1.15E-05 4.54E-06 1.47E-06 1.00E-08 1.60E-05 3.81E-07 4.79E-07 9.12E-07 1.61E-05 5.08E-09 1.17E-04 

Th-229 1.06E-07 6.09E-07 2.29E-13 1.79E-08 1.27E-08 1.14E-08 9.12E-09 5.59E-14 4.12E-07 1.28E-08 2.06E-10 4.71E-10 1.07E-08 3.90E-12 1.10E-06 

Th-230 3.27E-09 3.79E-09 1.27E-11 9.88E-11 3.83E-10 1.63E-10 6.56E-11 2.58E-11 1.40E-09 9.75E-10 3.25E-10 6.47E-10 5.51E-10 1.77E-13 8.43E-09 

Th-232 1.30E-08 1.02E-07 5.00E-09 3.31E-09 1.33E-09 1.47E-09 1.53E-09 1.01E-08 1.26E-07 3.80E-07 4.83E-07 9.20E-07 1.00E-09 3.66E-13 2.04E-06 

Pa-231 2.02E-07 7.35E-07 1.57E-12 2.17E-08 2.40E-08 1.98E-08 1.31E-08 2.82E-12 4.37E-07 1.23E-08 2.17E-10 4.87E-10 1.94E-08 7.02E-12 1.28E-06 
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Be 
Reflector 

Grid 
Plate I-Beams 

C-7 In-Pile 
Tube 

F-10 In-
Pile Tube 

M-13 In-
Pile Tube 

N-14 In-
Pile Tube 

Upper 
Support 
Frame 

Inner 
Tank 

Internal 
Thermal 
Shields 

External 
Thermal 
Shield 

External 
Tank 

Black Rod 
Poison 

Gray Rod 
Poison 

Total 
Not 

Including
Reflector 

Isotope (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) 

U-232 6.14E-05 6.14E-05 2.50E-16 1.62E-06 1.12E-05 4.41E-06 1.42E-06 4.50E-17 1.54E-05 3.58E-09 6.60E-13 1.82E-12 1.57E-05 4.96E-09 1.11E-04 

U-233 3.49E-05 1.69E-04 6.39E-11 5.13E-06 3.53E-06 3.63E-06 2.90E-06 1.56E-11 1.15E-04 3.58E-06 5.76E-08 1.32E-07 2.79E-06 9.96E-10 3.06E-04 

U-234 1.37E-05 7.19E-06 3.08E-08 1.94E-07 7.77E-07 4.24E-07 1.59E-07 6.26E-08 2.48E-06 2.34E-06 7.86E-07 1.57E-06 9.50E-07 2.88E-10 1.70E-05 

U-235 3.82E-09 1.01E-08 1.40E-09 3.67E-10 6.09E-11 5.04E-11 1.18E-10 2.84E-09 2.26E-08 1.06E-07 3.57E-08 7.10E-08 8.49E-11 2.48E-14 2.51E-07 

U-236 5.51E-07 9.41E-08 3.32E-14 2.85E-09 2.25E-09 1.91E-09 1.58E-09 8.11E-15 6.47E-08 2.01E-09 7.86E-12 1.89E-11 3.78E-09 9.75E-13 1.73E-07 

U-238 2.40E-06 6.01E-07 3.04E-08 1.95E-08 6.64E-09 8.19E-09 8.91E-09 6.18E-08 7.56E-07 2.32E-06 7.77E-07 1.55E-06 3.79E-09 1.56E-12 6.13E-06 

Np-237 1.89E-06 1.79E-07 6.05E-15 4.75E-09 7.10E-09 5.76E-09 3.31E-09 1.48E-15 5.17E-08 3.62E-10 1.43E-12 3.43E-12 8.61E-09 2.49E-12 2.61E-07 

Pu-238 7.77E-02 4.33E-03 1.20E-16 9.29E-05 3.49E-04 2.05E-04 6.64E-05 3.55E-18 4.14E-04 5.55E-09 2.62E-13 7.61E-13 2.31E-04 8.70E-08 5.69E-03 

Pu-239 1.27E-02 2.79E-03 1.61E-09 8.78E-05 3.51E-05 4.29E-05 4.37E-05 3.95E-10 2.42E-03 9.54E-05 3.81E-07 9.16E-07 2.01E-05 8.28E-09 5.53E-03 

Pu240 1.81E-02 2.61E-03 9.71E-15 7.61E-05 6.60E-05 5.67E-05 4.62E-05 2.86E-16 1.20E-03 4.58E-07 2.12E-11 6.14E-11 8.32E-05 2.64E-08 4.14E-03 

Pu-241 1.64E+00 1.29E-01 2.79E-18 3.52E-03 4.45E-03 4.83E-03 2.91E-03 9.92E-21 2.95E-02 1.06E-07 5.63E-14 1.98E-13 3.58E-03 1.24E-06 1.77E-01 

Pu-242 2.76E-04 4.96E-06 3.63E-28 1.16E-07 1.30E-06 5.93E-07 1.41E-07 1.55E-31 4.13E-07 1.09E-14 6.77E-23 2.86E-22 1.21E-06 4.50E-10 8.73E-06 

Pu-244 2.54E-10 9.46E-14 0.00E+00 1.83E-15 1.63E-12 1.87E-13 7.61E-15 0.00E+00 1.25E-15 2.09E-27 1.77E-39 1.08E-38 1.11E-11 1.74E-15 1.30E-11 

Am-241 1.59E-01 1.65E-02 3.58E-19 4.37E-04 4.71E-04 5.13E-04 3.24E-04 1.27E-21 3.80E-03 1.35E-08 7.23E-15 2.53E-14 3.27E-04 1.22E-07 2.23E-02 

Am-243 2.71E-03 1.52E-05 4.79E-33 3.10E-07 1.70E-05 4.50E-06 5.38E-07 2.45E-37 5.25E-07 1.14E-16 8.24E-27 4.20E-26 1.91E-05 6.89E-09 5.71E-05 

CM-243 4.83E-04 1.42E-05 6.01E-33 2.98E-07 3.45E-06 1.68E-06 3.44E-07 3.10E-37 5.88E-07 1.43E-16 1.04E-26 5.30E-26 1.56E-06 7.73E-10 2.21E-05 

CM-244 3.06E-01 3.27E-04 3.91E-37 5.88E-06 3.43E-03 3.29E-04 1.62E-05 0.00E+00 4.41E-06 7.44E-18 6.26E-30 3.86E-29 1.06E-02 2.73E-06 1.47E-02 

CM-245 5.72E-05 3.47E-08 0.00E+00 5.72E-10 8.03E-07 5.76E-08 1.93E-09 0.00E+00 2.32E-10 3.71E-24 3.64E-38 2.70E-37 2.58E-06 6.81E-10 3.47E-06 

CM-246 4.79E-05 5.59E-09 0.00E+00 7.98E-11 1.36E-06 3.11E-08 4.16E-10 0.00E+00 1.44E-11 1.79E-27 4.50E-44 1.56E-42 1.77E-05 2.87E-09 1.91E-05 

CM-247 2.15E-10 6.51E-15 0.00E+00 8.19E-17 9.92E-12 9.96E-14 6.18E-16 0.00E+00 6.85E-18 6.89E-36 0.00E+00 0.00E+00 2.44E-10 3.35E-14 2.54E-10 

CM-248 1.00E-09 7.10E-15 0.00E+00 7.82E-17 8.99E-11 3.19E-13 8.66E-16 0.00E+00 2.98E-18 2.40E-38 0.00E+00 0.00E+00 7.35E-09 6.77E-13 7.44E-09 

Total Activity 3.30E+04 1.21E+03 9.91E-04 1.34E+02 3.60E+02 1.96E+02 9.84E+01 2.43E-04 2.38E+03 6.03E+01 2.42E-02 8.00E-02 6.51E+02 2.12E+04 2.63E+04 

 
 
The component activities in the table above are calculated using the formulas in the previous email using the scaling factors from 
EDF-6958 and the total source term from EDF-6133.  The beryllium reflector transuranic activity reported in the results section of this 
EDF will replace the data in this table.
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Appendix E 
 

Be 
Reflector 

Grid 
Plate 

I-Beams (all 
6, 304-SS) 

C-7 In-Pile 
Tube 

F-10 In-
Pile Tube 

M-13 In-
Pile Tube 

N-14 In-
Pile Tube 

Upper 
Support 
Frame 

Inner 
Tank 

Internal 
Thermal 
Shields 

External 
Thermal 
Shield 

External 
Tank 

Black Rod 
Poison 

Gray Rod 
Poison 

Reactor 
Totals 

(Be) (304-SS) (Ci/Ci) (304-SS) (304-SS) (304-SS) (304-SS) (304-SS) 
(304-SS, 
Steel) (304-SS) 

(304-SS. 
Pb) 

(304-SS, 
Steel) (Cd) (Ni) (Ci/Ci) 

Isotope (Ci/Ci) (Ci/Ci)   (Ci/Ci) (Ci/Ci)   (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci)   

H-3 2.97E+04 8.63E-03 7.57E-03 4.94E-03 1.38E-03 1.93E-03 3.20E-03 7.54E-03 6.46E-03 7.56E-03 1.44E-01 9.36E-02 8.55E-04 2.42E-07 1.67E+01 

Be-10 3.36E-01 1.56E-09 1.32E-09 1.01E-09 1.04E-09 6.54E-10 6.88E-10 1.31E-09 1.18E-09 1.31E-09 3.19E-08 2.06E-08 1.40E-09 2.18E-09 1.89E-04 

C-14 2.67E+00 8.55E-03 6.31E-03 5.93E-03 6.68E-03 4.13E-03 4.15E-03 6.29E-03 6.42E-03 6.32E-03 1.26E-02 1.03E-02 9.00E-03 6.93E-07 6.74E-03 

Cl-36 3.27E-02 8.78E-05 5.01E-05 4.65E-05 4.82E-05 3.14E-05 3.23E-05 5.00E-05 5.06E-05 5.02E-05 2.83E-05 3.63E-05 5.71E-05 2.33E-08 6.40E-05 

Mn-54 8.26E-09 2.95E-09 1.50E-09 1.62E-09 2.02E-09 2.51E-09 2.23E-09 1.50E-09 1.53E-09 1.50E-09 1.80E-08 1.19E-08 2.69E-09 1.05E-11 1.63E-09 

Ni-59 2.42E-02 1.01E-02 3.53E-02 3.03E-02 2.15E-02 1.79E-02 2.04E-02 3.52E-02 3.43E-02 3.55E-02 1.99E-02 2.56E-02 1.56E-02 1.79E-01 6.72E-02 

Co-60 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 

Ni-63 3.50E+00 1.15E+00 3.73E+00 3.45E+00 3.41E+00 2.36E+00 2.46E+00 3.73E+00 3.75E+00 3.75E+00 2.21E+00 2.72E+00 3.66E+00 3.57E+01 1.23E+01 

Zn-65 3.86E-11 6.98E-14 3.71E-14 4.39E-14 8.24E-14 7.97E-14 6.28E-14 3.69E-14 3.94E-14 3.71E-14 4.85E-13 6.78E-14 1.69E-13 5.59E-14 8.68E-14 

Sr-90 6.78E-01 8.85E-05 1.66E-05 4.56E-05 7.67E-05 4.68E-05 3.87E-05 1.65E-05 3.59E-05 1.68E-05 1.46E-04 9.86E-05 9.34E-05 5.67E-09 4.29E-04 

Nb-94 7.39E-03 8.63E-03 8.58E-05 7.89E-05 7.82E-05 5.25E-05 5.46E-05 8.51E-05 8.64E-05 8.56E-05 2.77E-04 2.06E-04 8.67E-05 5.64E-09 2.45E-03 

Tc-99 4.96E-04 5.84E-06 3.41E-06 3.03E-06 2.78E-06 1.94E-06 2.08E-06 3.39E-06 3.33E-06 3.38E-06 1.97E-06 2.49E-06 2.73E-06 1.85E-10 3.22E-06 

Ru-106 2.77E-07 7.00E-12 8.40E-14 4.06E-12 5.70E-12 7.97E-12 6.37E-12 8.35E-14 2.58E-12 1.15E-13 7.24E-13 4.89E-13 5.35E-12 2.91E-16 1.59E-10 

Ag-108m 3.16E-02 1.18E-04 6.84E-05 6.32E-05 6.37E-05 4.33E-05 4.48E-05 6.81E-05 6.87E-05 6.82E-05 7.35E-01 3.94E-04 6.65E-04 4.59E-09 1.23E-04 

Ag-110m 2.35E-11 2.23E-14 1.69E-14 1.40E-14 4.02E-15 1.32E-14 1.73E-14 1.69E-14 1.52E-14 1.69E-14 1.83E-10 9.77E-14 1.77E-13 6.79E-20 3.75E-14 

Sb-125 6.21E-04 5.18E-06 2.92E-06 3.13E-06 4.04E-06 4.28E-06 3.84E-06 2.92E-06 2.96E-06 2.92E-06 2.38E-05 2.12E-06 5.65E-06 2.63E-10 3.35E-06 

I-129 3.69E-06 1.73E-10 1.05E-11 8.61E-11 1.47E-10 8.70E-11 7.05E-11 1.05E-11 6.12E-11 1.10E-11 9.04E-11 6.10E-11 1.59E-10 1.06E-14 2.15E-09 

Cs-134 2.10E-03 5.94E-07 3.65E-07 3.62E-07 3.07E-07 4.40E-07 4.51E-07 3.63E-07 3.55E-07 3.65E-07 2.05E-07 2.64E-07 2.32E-07 1.45E-11 1.49E-06 

Cs-137 2.27E+00 1.83E-04 1.80E-05 9.35E-05 1.68E-04 1.02E-04 8.14E-05 1.79E-05 6.76E-05 1.85E-05 1.58E-04 1.06E-04 2.00E-04 1.23E-08 1.37E-03 

Ce-144 1.98E-09 6.74E-14 6.86E-15 3.94E-14 5.39E-14 7.46E-14 6.06E-14 6.83E-15 2.74E-14 7.09E-15 6.07E-14 4.08E-14 5.29E-14 2.82E-18 1.15E-12 

Eu-152 1.38E-02 6.80E-05 1.33E-03 5.25E-05 8.34E-08 1.63E-06 1.99E-05 1.32E-03 2.19E-04 1.30E-03 1.07E-01 6.80E-02 3.81E-08 3.05E-12 9.23E-05 

Eu-154 8.11E-01 1.64E-04 7.59E-05 9.21E-05 2.58E-05 5.48E-05 7.54E-05 7.56E-05 8.90E-05 7.59E-05 6.11E-03 3.90E-03 7.10E-06 6.42E-10 5.31E-04 

Pb-210 1.45E-11 3.02E-14 2.11E-10 1.38E-14 5.60E-14 1.60E-14 9.27E-15 1.74E-09 1.18E-14 2.68E-13 1.95E-10 1.09E-10 1.25E-13 6.57E-18 3.50E-14 

Ra-226 2.02E-11 7.41E-14 6.09E-10 3.48E-14 4.83E-14 2.43E-14 2.13E-14 5.03E-09 3.14E-14 7.73E-13 5.63E-10 3.15E-10 4.35E-14 3.50E-18 5.65E-14 

Ac-227 1.14E-07 9.24E-10 3.81E-09 4.97E-10 1.96E-10 2.20E-10 3.02E-10 2.66E-08 6.14E-10 6.79E-10 2.51E-08 1.59E-08 8.91E-11 8.03E-15 5.14E-10 

Th-228 5.68E-05 1.15E-07 2.39E-05 5.58E-08 1.42E-07 7.83E-08 5.19E-08 1.98E-04 3.22E-08 3.03E-08 8.38E-05 4.47E-05 1.16E-07 8.83E-12 9.10E-08 

Th-229 9.51E-08 1.11E-09 1.10E-09 6.00E-10 1.56E-10 1.96E-10 3.23E-10 1.10E-09 8.31E-10 1.02E-09 3.60E-08 2.31E-08 7.70E-11 6.77E-15 6.10E-10 

Th-230 2.95E-09 6.88E-12 6.15E-08 3.31E-12 4.72E-12 2.80E-12 2.32E-12 5.08E-07 2.81E-12 7.76E-11 5.69E-08 3.18E-08 3.96E-12 3.07E-16 5.95E-12 

Th-232 1.17E-08 1.85E-10 2.41E-05 1.11E-10 1.64E-11 2.53E-11 5.40E-11 1.99E-04 2.54E-10 3.03E-08 8.46E-05 4.52E-05 7.19E-12 6.35E-16 1.04E-09 

Pa-231 1.82E-07 1.34E-09 7.57E-09 7.27E-10 2.95E-10 3.41E-10 4.64E-10 5.55E-08 8.81E-10 9.77E-10 3.79E-08 2.39E-08 1.39E-10 1.22E-14 7.53E-10 

U-232 5.53E-05 1.11E-07 1.21E-12 5.42E-08 1.38E-07 7.61E-08 5.04E-08 8.84E-13 3.11E-08 2.85E-10 1.15E-10 8.91E-11 1.13E-07 8.61E-12 8.76E-08 

U-233 3.15E-05 3.07E-07 3.08E-07 1.72E-07 4.36E-08 6.26E-08 1.03E-07 3.07E-07 2.32E-07 2.85E-07 1.01E-05 6.45E-06 2.00E-08 1.73E-12 1.73E-07 

U-234 1.24E-05 1.31E-08 1.48E-04 6.49E-09 9.59E-09 7.32E-09 5.63E-09 1.23E-03 4.99E-09 1.86E-07 1.38E-04 7.69E-05 6.83E-09 5.01E-13 1.56E-08 
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Be 
Reflector 

Grid 
Plate 

I-Beams (all 
6, 304-SS) 

C-7 In-Pile 
Tube 

F-10 In-
Pile Tube 

M-13 In-
Pile Tube 

N-14 In-
Pile Tube 

Upper 
Support 
Frame 

Inner 
Tank 

Internal 
Thermal 
Shields 

External 
Thermal 
Shield 

External 
Tank 

Black Rod 
Poison 

Gray Rod 
Poison 

Reactor 
Totals 

(Be) (304-SS) (Ci/Ci) (304-SS) (304-SS) (304-SS) (304-SS) (304-SS) 
(304-SS, 
Steel) (304-SS) 

(304-SS. 
Pb) 

(304-SS, 
Steel) (Cd) (Ni) (Ci/Ci) 

Isotope (Ci/Ci) (Ci/Ci)   (Ci/Ci) (Ci/Ci)   (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci) (Ci/Ci)   

U-235 3.44E-09 1.83E-11 6.75E-06 1.23E-11 7.51E-13 8.70E-13 4.17E-12 5.59E-05 4.55E-11 8.46E-09 6.25E-06 3.48E-06 6.10E-13 4.31E-17 1.29E-10 

U-236 4.96E-07 1.71E-10 1.60E-10 9.55E-11 2.78E-11 3.30E-11 5.58E-11 1.60E-10 1.31E-10 1.60E-10 1.38E-09 9.26E-10 2.72E-11 1.69E-15 3.67E-10 

U-238 2.17E-06 1.09E-09 1.47E-04 6.55E-10 8.19E-11 1.41E-10 3.15E-10 1.21E-03 1.53E-09 1.84E-07 1.36E-04 7.59E-05 2.72E-11 2.72E-15 4.33E-09 

Np-237 1.70E-06 3.25E-10 2.92E-11 1.59E-10 8.76E-11 9.93E-11 1.17E-10 2.91E-11 1.04E-10 2.88E-11 2.50E-10 1.68E-10 6.19E-11 4.32E-15 1.09E-09 

Pu-238 7.01E-02 7.86E-06 5.80E-13 3.11E-06 4.30E-06 3.54E-06 2.35E-06 6.98E-14 8.36E-07 4.41E-10 4.58E-11 3.73E-11 1.66E-06 1.51E-10 4.24E-05 

Pu-239 1.14E-02 5.07E-06 7.79E-06 2.94E-06 4.33E-07 7.39E-07 1.55E-06 7.76E-06 4.87E-06 7.59E-06 6.66E-05 4.49E-05 1.44E-07 1.44E-11 9.21E-06 

Pu240 1.63E-02 4.73E-06 4.69E-11 2.55E-06 8.13E-07 9.78E-07 1.64E-06 5.62E-12 2.42E-06 3.65E-08 3.71E-09 3.01E-09 5.98E-07 4.58E-11 1.13E-05 

Pu-241 1.48E+00 2.34E-04 1.35E-14 1.18E-04 5.49E-05 8.33E-05 1.03E-04 1.95E-16 5.96E-05 8.39E-09 9.85E-12 9.69E-12 2.57E-05 2.15E-09 9.21E-04 

Pu-242 2.49E-04 9.01E-09 1.75E-24 3.87E-09 1.61E-08 1.02E-08 5.00E-09 3.05E-27 8.33E-10 8.66E-16 1.18E-20 1.40E-20 8.70E-09 7.81E-13 1.44E-07 

Pu-244 2.29E-10 1.72E-16 0.00E+00 6.13E-17 2.01E-14 3.22E-15 2.69E-16 0.00E+00 2.52E-18 1.66E-28 3.09E-37 5.32E-37 7.95E-14 3.03E-18 1.36E-13 

Am-241 1.44E-01 2.99E-05 1.73E-15 1.46E-05 5.80E-06 8.84E-06 1.15E-05 2.50E-17 7.66E-06 1.07E-09 1.26E-12 1.24E-12 2.35E-06 2.12E-10 9.21E-05 

Am-243 2.44E-03 2.76E-08 2.31E-29 1.04E-08 2.10E-07 7.75E-08 1.90E-08 4.83E-33 1.06E-09 9.06E-18 1.44E-24 2.06E-24 1.37E-07 1.20E-11 1.40E-06 

Cm-243 4.36E-04 2.57E-08 2.90E-29 1.00E-08 4.26E-08 2.89E-08 1.22E-08 6.09E-33 1.19E-09 1.14E-17 1.82E-24 2.60E-24 1.12E-08 1.34E-12 2.56E-07 

Cm-244 2.75E-01 5.93E-07 1.89E-33 1.97E-07 4.23E-05 5.67E-06 5.73E-07 0.00E+00 8.90E-09 5.92E-19 1.10E-27 1.89E-27 7.61E-05 4.74E-09 1.62E-04 

Cm-245 5.15E-05 6.31E-11 0.00E+00 1.92E-11 9.90E-09 9.93E-10 6.82E-11 0.00E+00 4.68E-13 2.95E-25 6.37E-36 1.32E-35 1.85E-08 1.18E-12 3.07E-08 

Cm-246 4.32E-05 1.02E-11 0.00E+00 2.68E-12 1.67E-08 5.36E-10 1.47E-11 0.00E+00 2.91E-14 1.43E-28 7.87E-42 7.65E-41 1.27E-07 4.98E-12 3.39E-08 

Cm-247 1.94E-10 1.18E-17 0.00E+00 2.75E-18 1.22E-13 1.72E-15 2.19E-17 0.00E+00 1.38E-20 5.48E-37 0.00E+00 0.00E+00 1.76E-12 5.82E-17 2.39E-13 

Cm-248 9.05E-10 1.29E-17 0.00E+00 2.62E-18 1.11E-12 5.50E-15 3.07E-17 0.00E+00 6.00E-21 1.91E-39 0.00E+00 0.00E+00 5.29E-11 1.18E-15 4.29E-12 
% of Total 
Reactor 
Activity  55.60% 2.03% 1.70E-08 0.23% 0.61% 0.33% 0.17% 4.10E-09 4.02% 0.10% 4.10E-07 0.00% 1.10% 35.81% 100% 

*ΣSFi 2.97E+04 2.19E+00 4.78E+00 4.49E+00 4.44E+00 3.38E+00 3.49E+00 4.78E+00 4.80E+00 4.80E+00 4.24E+00 3.92E+00 4.69E+00 3.69E+01 3.01E+01 

 
* Additional row added to the scaling factors table from EDF-6958 to show the sum of the scaling (ΣSFi) factors for ease of 

calculating the Co-60 source term. 
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