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The purpose of this ECAR is to document the as-run physics analysis and source term in Curies 

and decay heat rate (Watts) for the shipment of the EPRI-2 experiment located in the Center Flux 

Trap (CFT). EPRI-2 was irradiated during cycle 153B. The experiment irradiation ended on April 

13, 2013.

The as-run heat rates and flux/fluence results were calculated using the MCNP ATR full core 

model. The heat rates and flux are calculated based on an average center lobe power of 30.8 MW. 

The fluence is based on the operating time of 13.45 days.  

ORIGEN2 Version 2.2 is used to determine the decay heat rate, gamma spectrum, and source 

term for the EPRI-2 experiment. The source term analysis was performed as requested by the 

project staff to demonstrate compliance with shipping requirements in the GE-2000 cask following 

irradiation as well as provide an estimated source term to support Post-Irradiation Examination as 

needed.
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9. Conclusions/Recommendations:
The EPRI-2 experiment was modeled in MCNP to provide as-run flux, fluence, heat rates, and 

source term for the test train. The as-run fluence and heat rates may be used to support post 

irradiation examination (PIE) of the specimens. The source term is intended to support shipment of 

the four sample holders including samples from ATR to MFC. The as-run flux and fluence results 

are reported in Table 6. The as-run heat rates are reported in Table 7 through Table 10. The 

source term for shipment is presented in Table 11. The decay heat rates for shipment of the test 

train are reported in Table 12. 
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1.0 Introduction, Purpose, and Scope

The purpose of this ECAR is to document the as-run physics analysis and source term in Curies and 

decay heat rate (Watts) for the shipment of the EPRI-2 experiment located in the Center Flux Trap 

(CFT). EPRI-2 was irradiated during cycle 153B. The experiment irradiation ended on April 13, 2013.

The as-run heat rates and flux/fluence results were calculated using the MCNP ATR full core model. 

The heat rates and flux are calculated based on an average center lobe power of 30.8 MW. The fluence 

is based on the operating time of 13.45 days.  

ORIGEN2 Version 2.2 is used to determine the decay heat rate, gamma spectrum, and source term for 

the EPRI-2 experiment. The source term analysis was performed as requested by the project staff to 

demonstrate compliance with shipping requirements in the GE-2000 cask following irradiation as well 

as provide an estimated source term to support Post-Irradiation Examination as needed.

2.0 Assumptions

The assumptions used in this analysis are stated below:

1. The MCNP models of ATR use three radial fuel regions to represent the ATR fuel elements 
(FEs)

2. ATR Cycle 153B cycle-averaged lobe powers are reported to be 19.7-19.7-30.8-35.4-44.0 MW 
(NW-NE-C-SW-SE) (Appendix B).  

3. The ATR Cycle 153B as-run cycle length was 13.45 effective full power days (EFPD) (Appendix 
B)

4. The as-run hourly lobe power history for ATR Cycle 153B (see Attachment B) may be used to 
scale the MCNP-calculated EPRI-2 heat rate results to represent specific operating conditions 
for specific times. To scale the EPRI-2 results, the calculated results should be multiplied by the 
ratio of the desired center lobe power to the analyzed center lobe power. The scaling equation 
is defined to be,  HGRdesired = HGRanalyzed × Cdesired / Canalyzed  (e.g. to scale HGR values at 26 MW 
center lobe power to HGR values at 30 MW center lobe power, HGR30 MW = HGR26 MW × 30 MW 
/ 26 MW). This scaling method may also be used to adjust MCNP-calculated power dependent 
EPRI-2 neutron fluxes.

3.0 Experiment Description

The following sections provide a description of the EPRI-2 experiment and the pressurized water loop 

(Loop 2A) located in the CFT. 
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Pressurized Water Loop Description

The dimensions of the pressurized water loop are based on the dimensions of a standard in-pile tube, 

which are documented in Reference [7]. The CFT consists of a water-filled flow tube with an inner 

radius of 2.21615 cm. The SS348 flow tube is 0.1651 cm thick. Outside of the flow tube is a pressure 

tube with an inner radius of 2.69621 cm. The pressure tube is 0.51689 cm thick, and is constructed of 

SS348. Outside of the pressure tube is an insulation gap with a thickness of 0.12827 cm and filled with 

helium, followed by an insulation tube with an outer radius of 3.65125 cm, and constructed of SS348. 

The insulation tube fits into the H-position housing, which has an inner radius of 4.097 cm. A cross-

sectional diagram of the IPT assembly with EPRI-2 Compact Tension (CT) specimens is shown in 

Figure 1. 

Figure 1. Diagram of a typical In-Pile Tube Assembly in ATR.
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Figure 2. Diagram of the EPRI-2 Experiment Test Trains.
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EPRI Experiment Test Train Description

The experiment test train has been designed to insert into the IPT. The test train is similar to other test 

trains used in the experiment loop facilities at ATR. The EPRI-1/2 experiment test trains consists of four 

holder assemblies each containing CT specimens with the 2 assemblies (Assembly 1 and Assembly 2) 

containing tensile specimens for the EPRI-1/2 experiment. A diagram of the EPRI-1/2 test train is 

presented in Figure 2. Alternate CT/backup specimens are located in the upper two assemblies, 

Assemblies 3 and 4. 

Figure 3. MCNP Diagram of the EPRI-1/2 Experiment

CT 
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4.0 Model Description and Data

MCNP [1] [2] a general purpose Monte Carlo N-Particle transport code, was used to model and 

evaluate the EPRI experiment test trains. The EPRI-1/2 experiment was modeled based on the 

dimensions provided by drawings listed in Table 1. The pressurized water loop was modeled with the 

same nominal dimensions as the other standard experiment loops in ATR. A diagram of the MCNP 

models for the EPRI-1/2 MCNP model is presented in Figure 3. 

Table 1. Loop 2A Backup Configuration Details.

INL 
Drawing Drawing Title
601546 ATR NSUF IN-PILE TUBE TEST TRAIN EPRI 1, 2, and 3, PROJECT BACK-UP AND 

MONITOR PACKAGE DETAILS AND ASSEMBLIES
601547 ATR NSUF IN-PILE TUBE TEST TRAIN EPRI 1, 2, AND 3 TENSILE SPECIMEN 

PACKAGE DETAILS AND ASSEMBLIES
601549 ATR NSUF EPRI-3 IN-PILE TUBE TEST TRAIN EPRI-3 IN-CORE ASSEMBLIES
601752 ATR NSUF EPRI-3 IN-PILE TUBE TEST TRAIN EPRI-3 STACK-UP ASSEMBLIES
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4.1 Mass Calculations

The mass values for the various components are needed to support the source term analysis. Appendix 

C contains mass calculations derived for components from the drawings used to construct the EPRI-2 

test train. A summary of the mass values and material values are presented in Table 2. The 

composition of each material is included in Attachment C.

Table 2. Mass values used to support source term analysis.

Material Component
Unit Mass 

(lb) Quantity
Unit Mass 

(grams)

Total 
Mass

(grams)

Zircaloy

Zirconium Holders

2A Zirc Holder 4.021 1 1823.89 1823.89

2B Zirc Holder 4.1 1 1859.73 1859.73

2C Zirc Holder 3.067 1 1391.17 1391.17

2D Zirc Holder 4.927 1 2234.85 2234.85

304 SST

XM-19 Speicmen Package 0.0252 3 11.43 34.29

XM-750 Specimen Package 0.0252 3 11.43 34.29

PBU Specimen Package 0.0252 25 11.43 285.76

PBU Specimens (2 per package) 0.204 25 92.53 2313.32

Monitor Package 0.252 5 114.31 571.53

Specimen Blocks 0.2 5 90.72 453.59

Tensile Package 0.503 2 228.16 456.31

Nitronic 
60 Backplates (1 per package) 0.024 36 10.89 391.90

XM-19

XM-19 Specimen Package (2 per 
package) 0.204 3 92.53 277.60

XM-19 Tensile 0.503 1 228.16 228.16

X-750

X-750 Specimen Package (2 per 
Package) 0.214 3 97.07 291.21

XM-750 Tensile 0.503 1 228.16 228.16

5.0 Software

The computer codes MCNP and ORIGEN2 are listed in the INL Enterprise Architecture (EA) Repository

and are accepted as qualified scientific and engineering analysis software. Table 3 lists the version and 

EA ID for the computer codes used to perform the calculations and analyses documented by this 

ECAR.
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Table 3. INL Qualified Analysis Software, Version, and EA ID.

Code Name Version EA ID

MCNP 5 (Release 1.40) 234166 [5]

ORIGEN2 2.2 201298 [9]

MCNP has been verified and validated (V&V’d) for use at the INL as documented by the MCNP Version 

5, Release 1.40 software management report [5]. The MCNP Version 5, Release 1.40 V&V process

was performed and accepted on high performance computing (HPC) systems at the INL.  

ORIGEN2 [8] has been V&V’d for use at the INL as documented by the ORIGEN2 Version 2.2 software 

management plan [9]. 

The computer configurations listed in Table 4 and Table 5 were used to perform the MCNP5 and 

ORIGEN 2 calculations respectively. 
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Table 4: Computer Configurations for INL Qualified MCNP5 installations.

Model of Computer Processor Operating System

fission is an Appro 
(Xtreme-X™ 
Supercomputer 
Series) distributed 
memory cluster

Two service nodes acting as login 
nodes each with:
 Two 8 core 2.4 GHz AMD Opteron 

(6136) processors 
 32 GB of shared memory (2 

GB/core) 
391 compute blades with: 
 Four 8 core 2.4 GHz AMD Opteron 

(6136) processors per blade (32 
cores/node and 12512 cores total) 

 64 GB of shared memory per node 
(2 GB/core) 

QDR InfiniBand interconnect network

RedHat Linux Enterprise 
Server 5.5

Icestorm

SGI Altix ICE 8200 
distributed memory 
blade cluster 

256 compute blades with two quad 
core Intel Xeon processors each 

2,048 compute cores total, 2.66 GHz 
clock speed 

2 login nodes, each with 8 cores 

2 GB memory per core, 4 TB memory 
total 

DDR 4X InfiniBand interconnect 
network

SUSE Linux Enterprise 
Server 10

Table 5: Computer Configuration for INL Qualified ORIGEN2 installation.

Computer Model Processor Operating System

Dell Precision 670 Dual Intel Xeon Windows XP

Apple Mac Pro Dual Intel Quad Xeon OS X version 10.5
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6.0 Analysis Results

The as-run physics analysis is used to determine the as-run heat rates, flux, fluence, and source term 

for the EPRI-2 experiments. The calculated flux the experiment at an average center lobe power of 30.8 

MW and the corresponding cumulative fast fluence (>1.0 MeV) for 13.45 days is presented in Table 6. 

The calculated heat rates for a center lobe power of 30.8 MW is presented in Table 7 through Table 10. 

The source term is provided for the proposed shipping date of July 15, 2013, which is approximately 3 

months or 90 days from the shutdown date of April 13. The total flux was conservatively assumed to be 

1.0 × 1015 n/cm2-s, which corresponds to the flux near core mid-plane.  The calculated source term for 

the EPRI-2 experiment is provided in Table 11. The source term is for the four specimen holders and 

specimens located in the test train. The decay heat rates obtained from ORIGEN are also presented in 

this analysis. The results for the decay heat rates for the EPRI-2 experiment are presented in Table 12. 
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Table 6. Fast flux (>1.0 MeV) and fast fluence results for EPRI-2 test train.

Calculated Flux 
(n/cm2-sec)

Calculated 
Fluence (n/cm2)

EPRI-2 
Holder Package

2.93E+13 3.41E+19 EPRI-2D EPRI-2D4

3.96E+13 4.60E+19 EPRI-2D3

5.06E+13 5.88E+19 EPRI-2D2

6.12E+13 7.11E+19 EPRI-2D1
----------------------

8.66E+13 1.01E+20 EPRI-2C EPRI-2C10

1.01E+14 1.18E+20 EPRI-2C9

1.12E+14 1.30E+20 EPRI-2C8

1.22E+14 1.41E+20 EPRI-2C7

1.31E+14 1.52E+20 EPRI-2C6

1.38E+14 1.60E+20 EPRI-2C5

1.43E+14 1.66E+20 EPRI-2C4

1.48E+14 1.73E+20 EPRI-2C3

1.54E+14 1.78E+20 EPRI-2C2

1.55E+14 1.80E+20 EPRI-2C1

1.57E+14 1.83E+20 EPRI-2B EPRI-2B14

1.57E+14 1.83E+20
EPRI-2B

11-13

1.63E+14 1.89E+20 EPRI-2B10

1.65E+14 1.91E+20 EPRI-2B9

1.66E+14 1.93E+20 EPRI-2B8

1.67E+14 1.93E+20 EPRI-2B7

1.66E+14 1.92E+20 EPRI-2B6

1.66E+14 1.93E+20 EPRI-2B5

1.67E+14 1.94E+20 EPRI-2B4

1.64E+14 1.91E+20 EPRI-2B3

1.63E+14 1.90E+20 EPRI-2B2

1.61E+14 1.88E+20 EPRI-2B1

1.48E+14 1.72E+20
EPRI-2A EPRI-2A

12-14

1.47E+14 1.71E+20 EPRI-2A-11

1.42E+14 1.65E+20 EPRI-2A-10

1.37E+14 1.60E+20 EPRI-2A-9

1.30E+14 1.51E+20 EPRI-2A-8

1.23E+14 1.42E+20 EPRI-2A-7

1.12E+14 1.30E+20 EPRI-2A-6

1.03E+14 1.20E+20 EPRI-2A-5

9.24E+13 1.07E+20 EPRI-2A-4

8.06E+13 9.36E+19 EPRI-2A-3

6.89E+13 8.01E+19 EPRI-2A-2

5.53E+13 6.43E+19
EPRI-2A-1
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Table 7. Calculated heat rates for EPRI-2A Holder.

Package

Water
between 

specimens
(W/g)

Screws
(W/g)

X-750 CT
(W/g)

XM-19 CT
(W/g)

SS Front 
Plate
(W/g)

Nitronic 60 
Back Plate

(W/g)

Water
outside of 
specimens 
inside of 
holder
(W/g)

Holder 
Assembly

(W/g)

2.52

EPRI-2A-1 5.80 2.62 2.81 2.85 2.66 2.81 5.72 3.15

EPRI-2A-2 6.97 3.01 3.23 3.23 3.10 3.20 6.88 3.61

EPRI-2A-3 8.09 3.42 3.60 3.62 3.47 3.60 8.00 4.09

EPRI-2A-4 9.15 3.81 4.04 4.05 3.86 4.03 9.01 4.61

EPRI-2A-5 10.21 4.25 4.47 4.49 4.25 4.45 10.09 5.05

EPRI-2A-6 11.19 4.66 4.88 4.89 4.68 4.86 11.11 5.52

EPRI-2A-7 12.08 5.01 5.27 5.28 5.06 5.24 11.95 5.98

EPRI-2A-8 12.94 5.37 5.63 5.67 5.40 5.61 12.80 6.41

EPRI-2A-9 13.63 5.74 6.00 6.00 5.74 5.93 13.53 6.77

EPRI-2A-10 14.27 6.02 6.30 6.26 5.98 6.25 14.08 7.11

EPRI-2A-11 14.69 6.29 6.64 6.63 6.38 6.56 14.60 7.46

Lower 
Support 

Plate
(W/g)

Upper 
Support 

Plate
(W/g)

Tensile 1
(W/g)

Tensile 2
(W/g)

Tensile 3
(W/g)

Tensile 4
(W/g)

Water
outside of 
specimens 
inside of 
holder
(W/g

Holder
(W/g)

EPRI-2A-
12-14

7.62 7.38 7.21 7.27 7.41 7.30 15.31 8.19

15.35 8.02
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Table 8. Calculated heat rates for EPRI-2B Holder.

Package
Water between 

specimens
(W/g)

Screws
(W/g)

X-750 CT
(W/g)

XM-19 
CT

(W/g)

SS Front 
Plate
(W/g)

Nitronic 60 Back 
Plate
(W/g)

Water outside of 
specimens inside 
of holder (W/g)

Holder 
Assembly

(W/g)

EPRI-2B-1

EPRI-2B-2 16.37 7.26 7.57 7.54 7.25 7.41 16.30 8.52

EPRI-2B-3 16.51 7.28 7.55 7.55 7.16 7.48 16.48 8.50

EPRI-2B-4 16.65 7.34 7.55 7.56 7.26 7.44 16.59 8.56

EPRI-2B-5 16.68 7.29 7.54 7.57 7.20 7.50 16.62 8.63

EPRI-2B-6 16.77 7.32 7.59 7.59 7.31 7.52 16.67 8.69

EPRI-2B-7 16.89 7.36 7.65 7.62 7.30 7.49 16.70 8.70

EPRI-2B-8 16.87 7.32 7.62 7.61 7.33 7.51 16.70 8.69

EPRI-2B-9 16.69 7.39 7.63 7.58 7.35 7.51 16.69 8.70

EPRI-2B-10 16.71 7.34 7.64 7.62 7.36 7.55 16.68 8.65

EPRI-2B-11 16.72 7.40 7.72 7.67 7.39 7.56 16.66 8.72

Lower Support 
Plate
(W/g)

Upper Support 
Plate
(W/g)

Tensile 1
(W/g)

Tensile 2
(W/g)

Tensile 3
(W/g)

Tensile 4
(W/g)

Water outside of 
specimens inside 
of holder (W/g)

Holder
(W/g)

EPRI-2B-12-14 7.37 7.25 8.05 8.06 8.15 8.09 16.16 8.75

Water between 
specimens

(W/g)

Screws
(W/g)

X-750 CT
(W/g)

XM-19 
CT

(W/g)

SS Front 
Plate
(W/g)

Nitronic 60 Back 
Plate
(W/g)

Water outside of 
specimens inside 
of holder (W/g)

Holder 
Assembly

(W/g)

EPRI-2B-15 16.15 7.25 7.67 7.66 7.25 7.55 16.02 8.51

15.21 7.81
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Table 9. Calculated heat rates for EPRI-2C Holder.

Package

Water
between 

specimens
(W/g)

Screws
(W/g)

X-750 CT
(W/g)

XM-19 CT
(W/g)

SS Front 
Plate
(W/g)

Nitronic 60 
Back Plate

(W/g)

Water
outside of 
specimens 
inside of 
holder
(W/g)

Holder 
Assembly

(W/g)

EPRI-2C-1 15.57 6.94 7.04 7.05 6.71 6.93 15.41 7.88

EPRI-2C-2 15.08 6.61 6.76 6.74 6.45 6.64 15.03 7.69

EPRI-2C-3 14.65 6.44 6.54 6.47 6.25 6.45 14.65 7.45

EPRI-2C-4 14.12 6.06 6.24 6.24 5.94 6.23 14.14 7.07

EPRI-2C-5 13.59 5.84 5.92 5.96 5.68 5.92 13.54 6.80

EPRI-2C-6 12.94 5.56 5.60 5.63 5.39 5.62 12.85 6.40

EPRI-2C-7 12.07 5.25 5.26 5.29 5.04 5.22 12.00 5.98

EPRI-2C-8 11.16 4.81 4.85 4.86 4.65 4.81 11.06 5.51

EPRI-2C-9 10.07 4.46 4.43 4.44 4.24 4.38 10.01 5.03

EPRI-2C-10 8.70 4.00 4.04 4.03 3.76 3.94 9.32 4.53

7.44 3.65
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Table 10. Calculated heat rates for EPRI-2D Holder.

Package

Water
between 

specimens
(W/g)

Screws
(W/g)

X-750 CT
(W/g)

XM-19 CT
(W/g)

SS Front 
Plate
(W/g)

Nitronic 60 
Back Plate

(W/g)

Water
outside of 
specimens 
inside of 
holder
(W/g)

Holder 
Assembly

(W/g)

EPRI-2D-1 6.20 2.95 2.92 2.91 2.78 2.89 6.24 3.27

EPRI-2D-2 5.18 2.56 2.48 2.49 2.36 2.46 5.25 2.82

EPRI-2D-3 4.28 2.15 2.13 2.14 2.04 2.09 4.26 2.38

EPRI-2D-4 3.38 1.82 1.81 1.81 1.68 1.77 3.46 2.00

2.47 1.64

1.88 1.34

1.41 1.07

1.06 0.84

0.80 0.66
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Table 11. Calculated source term for EPRI-2 test train (Ci).

Nuclide 153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

HE  6 9.22E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

BE  8 1.59E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

B 12 1.63E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

C 14 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03 4.25E-03

NE 23 6.94E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NA 24 6.97E-01 2.97E-04 1.26E-07 2.48E-15 1.48E-22 8.82E-30 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NA 25 4.19E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MG 27 2.59E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

AL 28 7.99E+01 2.98E-11 1.14E-13 3.37E-19 2.21E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

AL 29 8.37E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

AL 30 8.12E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SI 31 1.83E+01 9.35E-19 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

P 32 1.49E+01 1.06E+01 7.54E+00 3.47E+00 1.68E+00 8.11E-01 3.08E-01 1.17E-01 4.42E-02 1.68E-02 6.37E-03

P 33 3.07E-04 2.53E-04 2.08E-04 1.34E-04 8.81E-05 5.81E-05 3.34E-05 1.92E-05 1.10E-05 6.33E-06 3.63E-06

P 34 5.78E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

S 35 6.65E-02 6.30E-02 5.96E-02 5.25E-02 4.67E-02 4.15E-02 3.54E-02 3.03E-02 2.59E-02 2.21E-02 1.89E-02

S 37 1.67E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CA 45 5.94E-04 5.77E-04 5.60E-04 5.23E-04 4.91E-04 4.61E-04 4.23E-04 3.89E-04 3.57E-04 3.28E-04 3.01E-04

CA 47 2.64E-05 9.07E-06 3.11E-06 2.70E-07 2.73E-08 2.76E-09 1.30E-10 6.10E-12 2.87E-13 1.35E-14 6.35E-16

SC 46 1.46E-01 1.38E-01 1.30E-01 1.14E-01 1.01E-01 8.89E-02 7.53E-02 6.38E-02 5.41E-02 4.59E-02 3.89E-02

SC 47 2.01E+00 4.73E-01 1.11E-01 4.06E-03 1.83E-04 8.21E-06 1.31E-07 2.11E-09 3.45E-11 5.84E-13 1.09E-14

SC 48 2.01E-01 1.41E-02 9.88E-04 2.27E-06 7.61E-09 2.55E-11 1.28E-14 6.46E-18 3.25E-21 1.63E-24 8.21E-28

SC 49 1.65E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SC 50 3.41E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TI 51 3.98E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

V 52 1.39E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

V 53 9.96E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

V 54 1.00E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Nuclide 153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

CR 51 6.31E+03 5.30E+03 4.45E+03 2.98E+03 2.05E+03 1.41E+03 8.53E+02 5.17E+02 3.14E+02 1.90E+02 1.15E+02

CR 55 2.87E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MN 54 3.33E+01 3.28E+01 3.23E+01 3.12E+01 3.01E+01 2.92E+01 2.79E+01 2.67E+01 2.55E+01 2.44E+01 2.34E+01

MN 56 5.29E+04 1.29E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MN 57 2.58E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MN 58 8.58E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

FE 55 1.18E+02 1.18E+02 1.17E+02 1.16E+02 1.14E+02 1.13E+02 1.11E+02 1.10E+02 1.08E+02 1.07E+02 1.05E+02

FE 59 6.41E+01 5.75E+01 5.16E+01 4.04E+01 3.20E+01 2.54E+01 1.87E+01 1.37E+01 1.01E+01 7.41E+00 5.45E+00

CO 58 4.01E+02 3.74E+02 3.50E+02 2.99E+02 2.58E+02 2.23E+02 1.83E+02 1.51E+02 1.24E+02 1.02E+02 8.37E+01

CO 60 2.50E+01 2.50E+01 2.49E+01 2.48E+01 2.46E+01 2.45E+01 2.43E+01 2.41E+01 2.40E+01 2.38E+01 2.36E+01

CO 60M 2.77E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CO 61 3.24E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CO 62 2.99E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NI 59 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02

NI 63 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.54E+00 3.53E+00 3.53E+00

NI 65 3.64E+02 3.11E-18 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NI 66 1.03E-02 1.22E-03 1.45E-04 1.10E-06 1.14E-08 1.19E-10 2.69E-13 6.05E-16 4.46E-18 0.00E+00 0.00E+00

CU 64 3.28E+01 3.41E-03 3.56E-07 2.81E-16 8.24E-25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CU 66 7.17E+00 1.22E-03 1.45E-04 1.11E-06 1.15E-08 1.19E-10 2.69E-13 6.08E-16 4.46E-18 1.01E-20 0.00E+00

CU 67 3.81E-05 5.80E-06 8.83E-07 1.20E-08 2.12E-10 3.75E-12 1.73E-14 7.75E-17 0.00E+00 0.00E+00 0.00E+00

ZN 65 2.33E-05 2.29E-05 2.24E-05 2.14E-05 2.05E-05 1.97E-05 1.86E-05 1.75E-05 1.66E-05 1.57E-05 1.48E-05

SR 89 8.34E-01 7.57E-01 6.88E-01 5.52E-01 4.50E-01 3.66E-01 2.78E-01 2.11E-01 1.61E-01 1.22E-01 9.27E-02

SR 91 9.52E-01 4.52E-06 2.15E-11 1.46E-23 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SR 93 3.29E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Y 89M 2.47E-03 5.61E-04 1.27E-04 4.27E-06 1.77E-07 7.37E-09 1.06E-10 1.53E-12 2.20E-14 3.18E-16 4.58E-18

Y 90 1.76E+02 2.85E+01 4.62E+00 7.22E-02 1.46E-03 2.99E-05 3.80E-07 2.17E-07 2.16E-07 2.15E-07 2.15E-07

Y 91 1.86E+00 1.72E+00 1.58E+00 1.31E+00 1.10E+00 9.17E-01 7.23E-01 5.71E-01 4.50E-01 3.55E-01 2.80E-01

Y 92 1.07E+01 5.49E-14 2.81E-28 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Y 93 3.28E-03 3.27E-08 3.21E-13 1.15E-24 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Y 94 6.81E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Y 96 4.38E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Nuclide 153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

ZR 89 2.48E-03 5.62E-04 1.27E-04 4.28E-06 1.78E-07 7.38E-09 1.06E-10 1.53E-12 2.20E-14 3.19E-16 2.85E-18

ZR 93 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04 1.98E-04

ZR 95 5.85E+02 5.42E+02 5.03E+02 4.23E+02 3.59E+02 3.05E+02 2.46E+02 1.98E+02 1.59E+02 1.28E+02 1.03E+02

ZR 97 6.32E+03 6.43E+00 6.56E-03 9.48E-10 3.67E-16 1.42E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NB 92 3.14E-01 1.95E-01 1.21E-01 4.06E-02 1.46E-02 5.24E-03 1.34E-03 3.42E-04 8.75E-05 2.24E-05 5.71E-06

NB 93M 1.76E-07 3.59E-07 5.43E-07 9.60E-07 1.35E-06 1.74E-06 2.26E-06 2.78E-06 3.29E-06 3.81E-06 4.32E-06

NB 94 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04 5.54E-04

NB 95 7.28E+01 1.36E+02 1.86E+02 2.60E+02 2.93E+02 3.02E+02 2.93E+02 2.69E+02 2.39E+02 2.08E+02 1.77E+02

NB 95M 2.67E+00 3.59E+00 3.62E+00 3.13E+00 2.67E+00 2.27E+00 1.82E+00 1.47E+00 1.18E+00 9.52E-01 7.67E-01

NB 96 2.41E-01 1.65E-03 1.12E-05 1.26E-10 2.88E-15 6.58E-20 4.26E-26 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NB 97 6.32E+03 6.46E+00 6.59E-03 1.02E-09 3.95E-16 1.53E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NB 97M 5.98E+03 6.09E+00 6.22E-03 8.98E-10 3.48E-16 1.34E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

NB 98 1.10E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MO 93M 1.52E-01 6.29E-09 2.61E-16 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

MO 93 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05 3.41E-05

MO 99 1.03E+02 1.76E+01 3.01E+00 5.34E-02 1.22E-03 2.78E-05 1.80E-07 1.16E-09 7.52E-12 4.86E-14 3.13E-16

MO101 2.65E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TC 99 1.13E-06 1.50E-06 1.57E-06 1.58E-06 1.58E-06 1.58E-06 1.58E-06 1.58E-06 1.58E-06 1.58E-06 1.58E-06

TC100 1.00E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TC101 2.65E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CD115 2.71E-04 3.07E-05 3.48E-06 2.40E-08 2.26E-10 2.12E-12 4.21E-15 1.14E-17 0.00E+00 0.00E+00 0.00E+00

CD117 3.38E-03 1.20E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CD119 9.61E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN113M 6.98E+00 6.69E+00 6.42E+00 5.83E+00 5.32E+00 4.86E+00 4.31E+00 3.82E+00 3.39E+00 3.01E+00 2.66E+00

IN114 3.78E-01 1.91E-02 1.73E-02 1.38E-02 1.12E-02 9.09E-03 6.87E-03 5.19E-03 3.93E-03 2.97E-03 2.24E-03

IN114M 2.20E-02 2.00E-02 1.81E-02 1.45E-02 1.17E-02 9.50E-03 7.18E-03 5.43E-03 4.10E-03 3.10E-03 2.34E-03

IN116 3.90E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN116M 4.74E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN117 3.81E-02 3.32E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN117M 3.15E-03 4.65E-22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN118 1.27E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Nuclide 153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

IN119 8.99E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

IN119M 9.61E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SN113 6.98E+00 6.69E+00 6.41E+00 5.82E+00 5.32E+00 4.86E+00 4.31E+00 3.82E+00 3.39E+00 3.00E+00 2.66E+00

SN113M 3.92E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SN117M 3.30E+02 2.33E+02 1.65E+02 7.47E+01 3.56E+01 1.69E+01 6.29E+00 2.34E+00 8.69E-01 3.23E-01 1.20E-01

SN119M 2.68E+01 2.63E+01 2.58E+01 2.46E+01 2.36E+01 2.26E+01 2.14E+01 2.02E+01 1.91E+01 1.80E+01 1.71E+01

SN121 3.24E+02 4.20E+00 5.45E-02 2.65E-06 2.40E-10 2.17E-14 8.80E-20 3.57E-25 1.45E-30 0.00E+00 0.00E+00

SN121M 9.67E-04 9.66E-04 9.66E-04 9.66E-04 9.65E-04 9.65E-04 9.64E-04 9.63E-04 9.62E-04 9.62E-04 9.61E-04

SN123 2.30E+00 2.22E+00 2.14E+00 1.96E+00 1.81E+00 1.67E+00 1.50E+00 1.35E+00 1.21E+00 1.09E+00 9.76E-01

SN123M 1.27E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SN125 1.31E+02 7.92E+01 4.79E+01 1.52E+01 5.15E+00 1.75E+00 4.16E-01 9.88E-02 2.35E-02 5.57E-03 1.32E-03

SN125M 1.67E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SB122 1.25E+00 2.07E-01 3.44E-02 5.66E-04 1.20E-05 2.56E-07 1.51E-09 8.89E-12 5.24E-14 3.06E-16 0.00E+00

SB122M 1.58E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SB124 2.62E-04 2.42E-04 2.23E-04 1.86E-04 1.56E-04 1.31E-04 1.04E-04 8.29E-05 6.58E-05 5.23E-05 4.15E-05

SB125 2.23E+00 2.71E+00 3.00E+00 3.27E+00 3.33E+00 3.33E+00 3.30E+00 3.26E+00 3.21E+00 3.17E+00 3.13E+00

SB126 5.41E-02 3.66E-02 2.47E-02 1.01E-02 4.37E-03 1.89E-03 6.17E-04 2.02E-04 6.59E-05 2.15E-05 7.04E-06

SB126M 1.99E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TE123M 8.66E-06 8.32E-06 7.99E-06 7.28E-06 6.67E-06 6.12E-06 5.45E-06 4.85E-06 4.32E-06 3.85E-06 3.43E-06

TE125M 3.58E-02 7.89E-02 1.26E-01 2.31E-01 3.18E-01 3.92E-01 4.70E-01 5.31E-01 5.76E-01 6.10E-01 6.34E-01

TA182 4.77E+00 4.57E+00 4.38E+00 3.98E+00 3.63E+00 3.32E+00 2.94E+00 2.61E+00 2.31E+00 2.05E+00 1.82E+00

TA182M 4.29E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TA183 2.82E+01 1.09E+01 4.20E+00 4.77E-01 6.22E-02 8.09E-03 5.34E-04 3.53E-05 2.33E-06 1.54E-07 1.01E-08

W181 4.47E-03 4.30E-03 4.13E-03 3.77E-03 3.46E-03 3.17E-03 2.83E-03 2.52E-03 2.25E-03 2.01E-03 1.79E-03

W183M 1.06E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

W185 1.58E-01 1.48E-01 1.38E-01 1.19E-01 1.04E-01 9.05E-02 7.53E-02 6.26E-02 5.20E-02 4.33E-02 3.60E-02

W185M 1.49E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

W187 3.84E+01 2.94E-01 2.25E-03 3.28E-08 9.57E-13 2.80E-17 2.52E-23 2.26E-29 0.00E+00 0.00E+00 0.00E+00

W188 3.97E-02 3.70E-02 3.45E-02 2.94E-02 2.53E-02 2.18E-02 1.78E-02 1.46E-02 1.20E-02 9.80E-03 8.02E-03

RE186 2.34E-03 6.47E-04 1.79E-04 9.50E-06 6.06E-07 3.86E-08 9.83E-10 2.50E-11 6.37E-13 1.62E-14 4.12E-16

RE188 5.23E-01 3.79E-02 3.49E-02 2.97E-02 2.56E-02 2.20E-02 1.80E-02 1.48E-02 1.21E-02 9.90E-03 8.11E-03
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Nuclide 153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

RE188M 5.22E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

SUMTOT 8.43E+04 7.05E+03 6.00E+03 4.32E+03 3.25E+03 2.50E+03 1.81E+03 1.35E+03 1.04E+03 8.26E+02 6.71E+02

Table 12. Calculated decay heat for EPRI-2 test train (Watts).

153B_EOC 7.0D 14.0D 30.0D 45.0D 60.0D 80.0D 100.0D 120.0D 140.0D 160.0D

Decay 
Heat 
Rates   9.14E+02 9.32E+00 8.28E+00 7.02E+00 6.18E+00 5.48E+00 4.67E+00 3.98E+00 3.39E+00 2.89E+00 2.47E+00



ECAR-2281
Rev. 0

As-Run Physics Analysis for the EPRI-2 Experiment for Cycle 153B. Page 24 of 40

7.0 References

[1] Tim Goorley, Jeffrey S. Bull, Forrest B. Brown, et. al., “Release of 

MCNP5_RSICC_1.30,” Trans. Am. Nucl. Soc., Vol. 91, pp. 693-694 (2004).

[2] X-5 Monte Carlo Team, “MCNP—A General Monte Carlo N-Particle Transport Code, 

Version 5,” Volume I, LA-UR-03-1987, Los Alamos National Laboratory, April 24, 2003 

(Revised 6/30/2004) and Volume II, LA-CP-0245, Los Alamos National Laboratory, April 

24, 2003 (Revised 6/30/2004) (Vol. II is available with a licensed copy of MCNP).

[3] T. Nakagawa, et al., “Japanese Evaluated Nuclear Data Library Version 3 Revision-2: 

JENDL-3.2,” Journal of Nuclear Science and Technology, 32, pp. 1259-1271 

(December 1995).

[4] E. T. Boulette, W. L. Bunch, “Analysis of ZPPR/FTR Shield Experiments Gamma 

Distributions,” WHAN-FR-13, February 1971.

[5] M. A. Lillo, J. R. Mitchell, “Software Management, MCNP Version 5, Release 1.40,” 

INL/INT-08-15171 Rev. 0, August 2010, INL Record Number 234166. 

[6] “MCNP5 Version 1.60 Software Management Plan,” PLN-4099, Revision 0, January 

2012

[7] S. S. Kim, B. G. Schnitzler, “Advanced Test Reactor: Serpentine Arrangement of Highly 

Enriched Water-Moderated Uranium-Aluminide Fuel Plates Reflected by Beryllium,” 

INL/EXT-05-00780, September 2005; published in “International Handbook of Evaluated 

Criticality Safety Benchmark Experiments,” NEA/NSC/DOC/(95)03/II, Volume II, HEU-

MET-THERM-022, September 2005 Edition.

[8] A. G. Croff, “ORIGEN2: A Versatile Computer Code for Calculating the Nuclide 

Compositions and Characteristics of Nuclear Materials, Nuclear Technology,” Vol. 62, 

pp. 335-352, 1983.

[9] J. R. Mitchell, J. W. Nielsen, “Software Management, ORIGEN2 Version 2.2,” PLN-

3710, Revision 0, October 2011, INL Record Number 3818329 (EA ID 201298).

[10] J. R. Parry, “Physics Evaluation for the AGR-3/4 Experiment Irradiated in the ATR 

NEFT in Support of Final Design Activities,” ECAR-1346, Rev. 1, September 13, 2011.

[11] J. W. Nielsen, “ATR Physics Analysis of the AFIP-7 Experiment in the Center Flux 

Trap,” ECAR-1262, Revision 0, May 2011.

[12] Lamarsh, J. R., “Introduction to Nuclear Engineering,” 2nd Edition, 1983, pp350-351.



ECAR-2281
Rev. 0

As-Run Physics Analysis for the EPRI-2 Experiment for Cycle 153B. Page 25 of 40

[13] “KNOVEL Steam Tables, An Implementation of Equations Published by the 

International Association for the Properties of Water and Steam (IAPWS),” 

http://www.knovel.com/web/portal/basic_search/display?_EXT_KNOVEL_DISPLAY_bo

okid=1251, 2006. 

http://www.knovel.com/web/portal/basic_search/display?_EXT_KNOVEL_DISPLAY_bookid=1251
http://www.knovel.com/web/portal/basic_search/display?_EXT_KNOVEL_DISPLAY_bookid=1251


ECAR-2281
Rev. 0

As-Run Physics Analysis for the EPRI-2 Experiment for Cycle 153B. Page 26 of 40

Attachment A: Analysis Request
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Attachment B: ATR Power History for Cycle 153B
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Attachment C: Material Compositions
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