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• One of the Corporate Storage Bunkers is 
shut down due to a HC-3 occurrence in 
March 2013.

• There are several containers in this 
bunker labeled “ACPR fuel.”

• Unknowns about the ACPR fuel in the 
containers:

 Irradiation history

 Position in the ACPR core

 Radionuclide inventories

 Clad or no clad?

• In order to determine the HC-3 sum of 
fractions, the radionuclide inventories 
must be determined. 

Figure 1. HC-3 container from the 
Legacy experiment (left) , and 
questionable container labeled 
“ACPR fuel” (right). 



• Model the ACPR reactor and use Monte Carlo 
simulation codes to calculate the burnup in the 
fuel.

• Codes used:

 SCALE 6.1: TRITON coupling of KENOVI 
and ORIGEN-S

 Serpent 2 Beta

• Documents used for model parameters:

 ACPR SAR [1]

 ACRR DSA [2]

 MCNP/MCNPX Model of the Annular Core 
Research Reactor [3]

 SCALE Standard Compositions Library [4]

• Documents still needed:

 ACPR energy release logs

Figure 2. KENOVI model of the 
ACPR.



• Validity of the steady state approximation to pulse power.

 Common practice to determine source terms

 Confirmed over relatively short time spans (months)

• Determination of the steady state power level without the energy release logs.

 One case representing 4 pulse per day for each pulse height.

 ACPR SAR statement of burnup: “Through the year 1972, the ACPR had 
accumulated a total of only 13.2 MWd of operation.” [1]

• The irradiation time was varied from 1 year to 10 years.

• The fuel temperature was set at the maximum measured temperature for each pulse 
height. The sixth case used 737 °C to be conservative.

Table 1.  ACPR pulse characteristics (left) and corresponding steady state power levels (right).



Figure 3. Activities as a function of time for both puling power and steady state power.



Figure 4. ACPR core layout (above), 
comparison of the fuel rod as modeled 
to the description given in the SAR [1] 
(upper right), and the internals of a 
TRIGA fuel rod, taken from General 
Atomics [5] (right).



• Control rods are fuel followed and are 
moved together as a bank with a stroke of 
38.1 cm.

• Transient rods are void followed:

 Fast transient rods: 76.2 cm poison 
region with a stroke of 91.4 cm.

 Adjustable transient rod: 38.1 cm 
poison region with a stroke of 42 cm.

• The control rods were modeled at the 
position that caused criticality, just as 
they would be during a pulse. This 
position was 53.8% removed.

• The transient rods were modeled 100 % 
removed from the core.

All values taken from the ACPR SAR. [1]

Figure 5. Comparison of the 
calculated integral control rod 
worth curve (left) with the same 
curve given in the ACPR SAR [1].



• The fuel material in the two highest pin 
powers were tracked separately.

• Isotope inventories tracked: 241Am, 
242mAm, 243Am, 242Cm, 245Cm, 137Cs, 154Eu, 
3H, 166mHo, 85Kr, 59Ni, 237Np, 233Pa, 147Pm, 
238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 151Sm, 
90Sr, 99Tc, 228Th, 230Th, 234U, 236U, and 90Y.

• Originally, the calculation was performed 
in order to determine a worst case 
scenario, so the fuel was burned for the 
full 10 year reactor lifetime.

• More data points have since been 
generated for lesser irradiation periods.

• Each case is followed by a decay period 
giving the final composition on January 1 
2014. 

Figure 6. Thermal flux/fission rate 
density profile of the ACPR core.



• The burnup for the worst case scenario 
remained below 1 %.

• The maximum burnup occurred in the 
second row from the irradiation cavity.

• Serpent 2 burnup results were generated 
for comparison to ORIGEN-S.

• The calculated activities can be used to 
determine the HC-3 sum of fractions for 
an ACPR fuel element.

Table 2. Burnup after 10 years at each of the six 
steady state power levels considered.

Figure 7. Activity of Cs-137 as a 
function of time to illustrate the 
relative magnitudes of the six 
cases.



Table 3. HC-3 contributions for ten years at each of the six power levels considered.



Table 4. Serpent and SCALE atom density comparison.

• Things to note about the code 
comparison:
 The major contributors to 

the HC-3 sum of fractions 
agree to within a fraction of 
a percent.

 The agreement becomes 
better as the atom density 
rises above non-negligible 
amounts.



• With data for lesser years of irradiation, a more realistic estimate of the HC-3 
sum of fractions can be determined.

• Data is currently being generated for irradiation periods ranging from 1 - 10 
years.

Figure 8. Activity of Cs-137 activity (left) and HC-3 sum of fractions (right) at present day 
for each of the six power levels considered for variable irradiation times.



Figure 9. Horizontal (above) and vertical (left) 
cross sections of the ACRR geometry as modeled in 
Serpent. 



Figure 10. Horizontal (above) and 
vertical (right) cross sections of the 
ACRR thermal flux/fission rate 
density profile as calculated by 
Serpent. 



• Further study of the errors inherent in the 
steady state power approximation to 
pulsing reactors.

• Use the Serpent ACRR model to predict 
detector response at various power levels.

• Use the Serpent ACRR model to predict 
flux and energy spectrum in the neutron 
radiography tube.

Figure 11. ACRR during operation.
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