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A discussion for each revision number is given below. 

Revision 1 Summary 

This revision addresses the project staff requests for additional data and calculations as well as the 

correction of typographical errors. All changes are discussed in this summary. Previous calculations 

and results reported by revision 0 of this EDF are valid and applicable unless noted below. 

(Correction) Tables 3, 4, and 7 - The units of mg/m3 should be Mg/m3. The units are now shown 

correctly in the tables. This was a typographical error in the EDF only. Calculations and results were 

not impacted. 

(Correction) Table 4 - The atom densities for the Si and 0 table entries were switched. The values 

are now correctly reported. This was a typographical error in the EDF only. The MCNP input model 

material cards were checked and the correct values were verified as being used in the original 

analysis. Calculations and results were not impacted. 

(Addition) Table 34 - Project staff requested that additional heating rate calculations be performed for 

the B4C graphite holders vs. EFPDs for 800 EFPDs of irradiation. Thus, the calculated results for 

B4C heating rates vs. EFPDs were added. 

(Update) Table 34 and following tables - Due to addtion of Table 34 in this revision, all table numbers 

following 34 were incremented as needed. 

(Correction) Table 37 - The column entitled Burnup (%FIMA) for 125 EFPDs was off by one node for 

stack 3 and stack 2. The values are now correctly reported. This was a typographical error in the 

EDF only. Calculations and results were not impacted. 

(Addition) Tables 40, 41, 42 - The AGR-1 project staff requested that finer time intervals be reported 

for the range of 400-800 EFPDs 
. Thus, the calculated results for AGR-1 fuel compact projected fission 

power density and burnup vs. EFPDs for 50 EFPD intervals from 400 EFPDs to 800 EFPDs were added. 

The AGR-1 fuel compact projected burn up reaches 22.37% FIMA in capsule 3, stack-1, top fuel 
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compact of capsule stack (node-25 of stack-1, facing core center towards NW) at 800 EFPDs. 

(Update) Table 42 and following tables - Due to the addition of Tables 40,41, and 42 in this revision, 

all table numbers following 42 were incremented as needed. 

(Addition)Table 47 - The AGR-1 project staff requested that the fast flux and fast fluence be reported 

for 800 EFPDs. Thus, the calculated results for 50 EFPD time intervals from 700 EFPDs to 800 

EFPDs were added. The maximum fast neutron fluence requirement of 5.0x1025 n/m2 is projected to 

occur after 750 EFPDs of irradiation. At 800 EFPDs, multiple fuel compacts in capsule 3 and capsule 

4 exceed the maximum fast neutron fluence requirement of 5.0x1025 n/m2. 

Finally, this revised EDF is used to place this document under document control, thus providing a 

controlled summary of the analysis performance and results, as well as a retrievable record of the 

review and approval process. 

End of Revision 1 Summary 

Revision 0 Summary 

The confirmatory neutronics analysis for the Advanced Gas Reactor (AGR) capsule assembly AGR-1 

has been performed using the computer codes MCNP and ORIGEN2 coupled via the UNIX script 

MCWO. The confirmatory neutronics analysis evaluated the neutron/gamma heating rates for the 

AGR-1 capsule assembly structural components, the AGR-1 capsule assembly reactivity worth 

relative to an aluminum dummy, the peak fuel fission power density of the AGR-1 fuel compacts, the 

fuel burnup of the AGR-1 fuel compacts, and the fast neutron fluence (E > 0.18MeV) experienced by 

the AGR-1 fuel compacts. The neutronics model, analysis details, and results are presented in this 

Engineering Design File (EDF). 

For initial conditions (at 0 EFPDs with an East lobe power of 22.47 MW), the projected maximum 

neutron/gamma heating rate for an AGR-1 capsule assembly structural component was calculated to 

be 22.33 Wig, occurring in the graphite holder of capsule 5 (bottom 1 inch node). For the peak fuel 

fission power density condition (at 250 EFPDs with an East lobe power of 37.33 MW), the projected 

maximum neutron/gamma heating rate was calculated to be 19.19 WIg, occurring in the hafnium 

shroud of capsule 3 (600 arc facing core center towards SW). 

Relative to an aluminum dummy located in the ATR 8-10 irradiation position, the AGR-1 capsule 
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assembly reactivity worths were calculated with a confidence level of 95% (2cr) to be: 

-0.033$ i:O.048$ for a EFPDs, 

0.000$ :to.045$ for 250 EFPDs, and 

-0.043$ :to.048$ for 250 EFPDs with He-3 replacing He-4 in the capsule assembly. 

These reactivity changes are much less than the 0.50$ step insertion limit defined in the ATR UFSAR 

[SAR-153, Chapter 15.4.5], thus, an aluminum dummy is an acceptable backup experiment for the 

AGR-1 capsule assembly experiment. 

For typical middle of cycle (MOC) operating conditions and nominal lobe powers represented by the 

requested lobe powers for ATR Cycle 1388 (East lobe source power of 22.47 MW), the projected 

peak fuel fission power density for AGR-1 fuel compacts was calculated to be 132.39 W/cm3 

occurring at 250 EFPDs within capsule 3, stack-1, the third fue! compact from top of capsule stack 

(node-29 of stack-1, facing core center towards NW). 

The projected fuel burnup for AGR 1 fuel compacts versus EFPDs from 0 EFPDs to 700 EFPDs '1.'38 

c3Icul:1tod. The ^GR 1 fuol compact projocted burnup reaches 21.01% FIM/\ in capsule 3, stacl< 1, 

top fuel compact of capsule stack (node 25 of st3ck 1, bcing core center towards NIfIJ) at 700 EFPD8. 

The AGR program requires a minimum fast neutron fluence (E > 0.18 MeV) greater than 

1.5x1025 n/m2 (1.5x1 021 nlcm2) and a maximum fast neutron fluence of less than 5.0x1025 n/m2. The 

fast neutron fluence was evaluated for the AGR-1 fuel compacts and the minimum and maximum fast 

fluence requirements were verified. The minimum fast neutron fluence requirement of greater than 

1.5x1025 n/m2 was determined to happen after 450 EFPDs. The last fuel compact to exceed the 

minimum is projected to occur in capsule 6, stack-2, top fuel compact in capsule stack (node 97 of 

stack-2, facing away from core center and towards E), at 450 EFPDs with a value of 1.533x1 025 n/m2. 

The m3ximum fast noutron fluonce requirement of less than 5.0x10;15 --Rfffi'" will not be exceeded 

during the :1n3lyzod 700 EFPDs. /\ maximum fast fluenco of 1.55x10;15 -RIm'" f-or 3!1 fuel compacts is 

projected to occur in c3psule 1, stack 3, third fuel compact from the top of capsule stack (node 69 of 

st3ck 3, facing core center and toy.'3rds 5'/1/), at 700 EFPDs. 

Finally, this EDF is used to place this document under document control, thus providing a controlled 

summary of the analysis performance and results, as well as a retrievable record of the review and 

approval process of the analysis. 

End of Revision 0 Summary 
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1.0 Introduction 

This Engineering Design File (EDF) documents the Advanced Test Reactor (ATR) physics model and 

confirmatory neutronics analysis for the Advanced Gas Reactor (AGR) capsule assembly experiment, 

AGR-1, planned for insertion into the ATR 8-10 irradiation test position during ATR Cycle 138B. The 

neutron/gamma heating rates for AGR-1 capsule assembly structural components, AGR-1 capsule 

assembly reactivity worth relative to an aluminum dummy, AGR-1 fuel compact fission power density and 

burnup versus Effective Full Power Days (EFPDs), and the AGR-1 fuel compact fast flux (E > 0.18MeV) 

and fast fluence versus EFPDs have been calculated and are reported herein as requested by AGR-1 

project staff [1]. 

2.0 Assumptions 

The assumptions used in this analysis are stated below. 

1. The ATR 8-10 irradiation position is located between the Northeast (NE) and Southeast (SE) 

quadrants of the ATR (see Figure 1) which is best represented by the East lobe source power. 

2. The East lobe source power is defined as the average of the NE, C and SE lobe powers, 

E = (NE + C + SE) / 3. 

3. If actual cycle lobe powers differ from analyzed cycle lobe powers, analysis results should be 

scaled using the ratio of the actual East lobe power to the analyzed East lobe power. 

4. The heating rates, projected peak fuel fission power density, and projected fuel burnup analyses 

were performed using typical ATR middle of cycle (MOC) operating conditions. Actual neck shim 

and outer control shim positions were based upon ATR Surveillance Data Reports for ATR Cycle 

136A. Fuel loading and burnup was based upon the Cycle 135A Physics Report [2]. The heating 

rates, projected peak fuel fission power density, and projected fuel burnup results were 

normalized using the requested lobe powers for ATR Cycle 138B. 

5. The projected peak heating rate analysis was performed using typical PALM cycle operating 

conditions. Actual neck shim and outer control shim positions were based upon ATR 

Surveillance Data Reports for A TR Cycle 131 B. The fuel loading and burnup was based upon 

the Cycle 1318 Physics Report [3]. The peak heating rate results were normalized using the 

requested lobe powers for the ATR Cycle 1418. 

5. Requested lobe powers for Cycle 1388 are 18.0-18.0-24.4-23.0-25.0 MW (NW-NE-C-SW-SE) [4]. 

7. Requested lobe powers for Cycle 1418 are 18.0-18.0-39.0-55.0-55.0 MW (NW-NE-C-SW-SE) [4]. 
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8. 

9. A delayed neutron fraction (ß) of 0.0075 [5] was used for ATR reactivity perturbation calculations. 

3.0 Capsule Assembly Description 

The AGR-1 experiment capsule assembly consists of 6 capsules axially stacked. Each capsule contains 

a graphite holder with 3 equally spaced fuel compact holder openings (see Figure 2). Each holder 

opening accommodates 4 axially stacked fuel compacts. Thus, each capsule has 3 stacks x 4 fuel 

compacts/stack for a total of 12 fuel compacts per capsule. So, within the entire AGR-1 experiment 

capsule assembly, there are 6 capsules x 12 fuel compacts/capsule for a total of 72 fuel compacts. 

N 

i 

Figure 1. Radial Cross Section View of the ATR Reactor Core, 8-10 Irradiation Test Position 
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14 
t i 

t 
16 

Figure 2. Radial Cross Section View of an AGR-1 Experiment Capsule Assembly, 

(Components shown include: Graphite Holder, Thru Tubes, Fuel Compacts, SS Sleeve, Hf/SS 

Shroud, TC and Gas Line Openings, Capsule Body, Gas Gaps, and Water Gap) 

Key: Red Numbers - Fuel Compact (1,2,3) 
Green Numbers - Thru Tube (4,5,6) 
Blue Numbers - TC and Gas Line (7, 8, 9,10,11,12) 
Brown Numbers - Hf Shroud (13, 14, 16, 17) 

Turquoise Number - SS Shroud (15) 
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4.0 Model Description and Data 

MCNP [6], a general purpose Monte ,Çarlo ~-.earticle transport code, was used to model and evaluate the 

neutron and gamma heating rates of the AGR-1 capsule assembly components as weB as the AGR-1 

capsule assembly reactivity worth relative to an aluminum dummy. The depletion methodology MCWO, 

MCNP foupled liYith ORIGEN2 [7], was used to model and evaluate the depletion and activation of the 

AGR-1 capsule assembly, providing the fission power density and burnup versus EFPDs for the AGR-1 

fuel compacts. 

For the AGR-1 confirmatory analysis, the MCNP and ORIGEN2 models were based upon the drawings 

listed in Table 1, as well as data from experiment designers, vendors, project staff, and project related 

EDF's. The references for data used in the AGR-1 confirmatory analysis are identified within this 

document. 

Table 1. INL Drawings for the AGR-1 Experiment 

INL Drawing Revision 

DWG-628633 0 

DWG-628635 2 

Drawing Title 

ATR Advanced Gas Reactor (AGR) AGR-1 Capsule Details and 
Assemblies 
ATR Advanced Gas Reactor (AGR) AGR-1 Capsule Train Assembly and 
Details 

4.1 Data Libraries 

Both the MCNP built-in cross-section data libraries and the JENDL-3.2 cross-section library were used to 

calculate the neutron and gamma heating rates for AGR-1 assembly structural components as well as the 

AGR-1 fuel fission density (see Attachment B for a listing of the specific cross-sections used with the 

MCWO methodology and a justification discussion). The ORIGEN21ibraries ATRXS and HTGRXS were 

used to calculate the fuel compact and absorber burnup within the AGR-1 capsules. 

4.2 Power Data 

The neutron/gamma heat generation rates for the AGR-1 capsule assembly structural components were 

calculated for a EFPDs using ATR Cycle 138B requested lobe powers and for 250 EFPDs using ATR 

Cycle 141 B requested lobe powers. The neutron/gamma heat generation rates for the AGR-1 B4C 

graphite holders vs. EFPDs (25 - 800 EFPDs) were calculated using Cycle 1388 requested lobe powers 

for nominal conditions. The AGR-1 fuel compact projected peak fission power density and projected fuel 

burnup were calculated using Cycle 1388 requested lobe powers for nominal conditions. 

The calculated East lobe source power for Cycle 138B is 22.47 MW [(18.0+ 24.4+ 25.0)/ 3] and for Cycle 

141 B it is 37.33 MW [(18.0+ 39.0+ 55.0)/3]. 
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4.3 Fuel Compact Data 

The AGR-1 fuel compacts were modeled using data from references [8] and [9]. To simplify the MCNP 

model geometry, nominal fuel compact dimensions were used. Per reference [8], the fuel compacts 

placed in capsule 6 (top capsule) and capsule 3 used Baseline data while the fuel compacts placed in 

capsules 1 (bottom capsule), 2, 4, and 5 used Variant 1 data. Each AGR-1 fuel compact was subdivided 

into 2 equal-sized cells/nodes. Thus stack-1 is comprised of nodes 1-48 (see Figure 3, which has 8 

nodes per capsule times 6 capsules). stack-2 is comprised of nodes 97-144, and stack-3 is comprised of 

nodes 49-96. These subdivisions were implemented to match the nodalization used by the thermal 

analysis. 

Capsule 6 

Nodes 1-8 

Capsule 5 

Nodes 9-16 

Graphite holder 

Capsule 4 

Nodes 17-24. 

Fuel com pact stack 

Capsule 3 

Nodes 25-32 

Capsule 2 

Nodes 33-40 

Capsu Ie 1 

Nodes 41-48 

Figure 3. Axial Cross-section View of the 6 Capsules in an AGR-1 Experiment Capsule 
Assembly 
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Table 2. AGR-1 Fuel Compact Dimensions [9] 

Parameter 
Nominal compact diameter (mm) 
Nominal compact length (mm) 

Baseline 
Value 
12.34 
25.4 

Variant 1 

Value 
12.34 
25.4 

Table 3. AGR-1 Fuel Compact Data [8] 

Baseline Variant 1 

Parameter Value Value 
U-235 enrichment (wt %) 19.736 19.736 
C/U atom ic ratio 0.3253 0.3253 
O/U atomic ratio 1.3613 1.3613 
Kernel diameter (/-1m) 349.7 349.7 
Buffer thickness (/-1m) 103.5 102.5 
IPyC thickness (/-1m) 39.4 40.5 
SiC thickness (/-lm) 35.3 35.7 
Kernel density (Mg/m3) 10.924 10.924 
SiC density (Mg/m3) 3.2075 3.206 

Compact mass (g) 5.4 7888 5.3371 
U loading (g U/compact) 0.917 0.915 
Compact length (mm) 25.066 25.123 
Compact diameter (mm) 12.36 12.36 

Mol mass U 237.488052 237.4881 
Kernel mass (g) 0.000244606 0.000245 
Mass U/particle (g/particle) 0.000220731 0.000221 
Mass O/particle (g/particle) 2.02439E-05 2.02E-05 
Volume SiC/particle (m3) 4.99472E-11 5.06E-11 
Mass Si/particle (g/particle) 0.000112224 0.000114 
Number particles/compact 4154.37959 4145.319 

Effective compact density (Mg/m3) 1.821714425 1.770547 

Compact weight % U 16.73699734 17.14414 
Com pact weight % 0 1.535004345 1 .572345 
Compact weight % Si 8.509416675 8.827004 
Compact weight % C 73.21858164 72.45651 
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Table 4. AGR-1 Fuel Compact Material Composition and Atom Density 

Atomic Material Atom 
Isotopel Weight Densitl Calculated Density 

Material Element (g/mole) (Mg/m ) Weiaht % (atom/b-cm) 
C 12.0107 73.2186% 6.68782E-02 

Baseline a 15.9994 1.5350% 1.05254E-03 
Fuel Si 28.0855 1.8217 8.5094% 3.32391 E-03 

Compact U235 235.0439 3.3032% 1.54177E-04 
U238 238.0508 13.4338% 6.19099E-04 

Totals 100.0000% 7.20279E-02 
C 12.0107 72.4565% 6.43232E-02 

Variant 1 a 15.9994 1.57235% 1.04786E-03 
Fuel Si 28.0855 1.7705 8.8270% 3.35112E-03 

Compact U235 235.0439 3.3836% 1.53491 E-04 
U238 238.0508 13.7606% 6.16347E-04 

Totals 100.0000% 6.94920E-02 

4.4 Graphite Holder Data 

The AGR-1 fuel compact graphite holders were modeled using data from reference [10] as well as 
material and element data from standard references (e.g. Chart of the Nuclides, ASTM standards, etc.. .). 
Note that the outer radius for each of the six graphite holders is different. The reference drawings have 
graphite holder dimensions based upon preliminary thermal analysis. The as-built graphite holder outer 
radii will be determined by the results of the AGR-1 confirmatory thermal analysis. Therefore, based on 
the six radii given by the reference drawings, an average outer radius for the graphite holders was 
calculated and used in the MCNP model. 

The 5.5 Weight % B4C graphite holders were placed in capsule 6 (top capsule) and capsule 1 (bottom 

capsule) while the 7 Weight % B4C graphite holders were placed in the remaining four capsules 
(capsules 2, 3, 4, and 5). Also, to simplify the MCNP model geometry, the radii for the thru tube openings 
within the graphite holders were modeled using 0.270 in., the same value as the radii for the thru tube 
openings within the graphite and grafoil spacers. 
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Table 5. AGR-1 Graphite Holder Dimensions 

Outer Outer 
Diameter Radius Height 

Item (in) (em) (in) (em) Reference 
Capsule 6 1.193 1.515 4.00 10.16 DWG-628635, Item 33, sheet 7 

Capsule 5 1.196 1.519 4.00 10.16 DWG-628635, Item 31, sheet 7 

Capsule 4 1.201 1.525 4.00 10.16 DWG-628635, Item 32, sheet 7 

Capsule 3 1.200 1.524 4.00 10.16 DWG-628635, Item 30, sheet 7 

Capsule 2 1.198 1.521 4.00 10.16 DWG-628635, Item 29, sheet 7 

Capsule 1 1.189 1.510 4.00 10.16 DWG-628635, Item 28, sheet 7 

Capsule Average 1.196 1.519 4.00 10.16 Calculated 

Fuel Compact Opening 0.49083 0.62335 4.00 10.16 DWG-628635, Note 12, sheet 1 

Thru Tube Opening (adjusted) 0.270 0.3429 4.00 10.16 DWG-628635 sheet 8 

Gas Line Opening 0.0625 0.079375 -- -- DWG-628635, Item 43, sheets 2, 3, 4, 5 

Type N 1/16 TC Opening 0.062 0.07874 -- -- DWG-628635, Item 41, sheets 2, 3, 4, 5, [13] 

Type N 3/32 TC Opening 0.092 0.11684 -- - DWG-628635, Item 42, sheets 2, 3, 4, 5, [13] 
INL TC Openinq 0.062 0.07874 -- -- DWG-628635, Item 44, sheets 2,3,4,5, [13] 

Table 6. AGR-1 Graphite Holders Material Composition 

5.5 Weight % B4C Graphite Holder Material Composition 

Mass Volume Density 

Materials (gm) (ee) (glee) 

B4C 0.05500 0.02183 2.52 
B-10 0.00793 -- -- 
B-11 0.03511 -- -- 
C 0.01196 -- -- 

C 0.94500 0.54310 1.74 

Total 1.00000 0.56493 1.77013 

7.0 Weight % B4C Graphite Holder Material 
Mass Volume Density 

Materials (gm) (ee) (glee) 

B4C 0.07000 0.02778 2.52 
8-10 0.01010 -- -- 
B-11 0.04469 -- -- 
C 0.01522 -- -- 

C 0.93000 0.53448 1.74 
Total 1 .00000 0.56226 1.77853 
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Table 7. AGR-1 Graphite Holders Atom Density 

Atomic Material Atom 
Isotopel Weight Density, Density 

Material Element (g/mole) (Mg/m ) (atom/b-cm) 
8-10 10.012937 8.44623E-04 

5.5 W% 84C 8-11 11.0093055 1.77013 3.39971 E-03 
C 12.0107 8.49338E-02 

Total 8.91781 E-02 

8-10 10.012937 1.08008E-03 
7.0W%B4C 8-11 11.0093055 1.77853 4.34744E-03 

C 12.0107 8.42900E-02 
I Total 8.97175E-02 

4.5 Hafnium Shroud Data 

The AGR-1 hafnium shroud was modeled using data from reference [11]. Reference [11] discusses the 

two different lots of hafnium material obtained for use in the AGR-1 shroud. Usage of the two different 

lots was modeled by placing the Hf 2.35% Zr (Lot # J27P30) in capsules 6,5, and 4 while the Hf 1.76% Zr 

(Lot # F18P28) was placed in capsules 3,2, and 1. Within a capsule, the hafnium shroud occupies a 

2400 arc with the midpoint facing core center. For the MCNP model, the hafnium shroud is subdivided 

azimuthatly into 4 equal-sized cells/nodes (see Figure 2 for details). 

Table 8. AGR-1 Hf Shroud Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius 

Component (in) (cm) (in) (cm) Reference 
Hf Shroud (2400 arc) 1.297 1.64719 1.277 1.62179 DWG-628635, Item 24, sheet 6 

Table 9. Hf Shroud Material Density (Calculated) [11] 

Zr in Hf Length Width Height Volume Mass Density 
(%) (cm) (cm) (cm) (cc) (gm) (gm/cc) 

2.35% 25.12957 8.13841 0.0259 5.296932 67.878 12.815 
1.76% 25.09495 8.0288 0.02638 5.315104 65.17 12.261 
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Table 10. Hf Shroud Material Composition and Atom Density [11] 

Atomic Material Atom 
Isotope! Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom!b-cm) 
H 1.00794 0.000300% 2.1977E-05 
8-10 10.01294 0.000010% 7.3375E-08 
8-11 11.00931 0.000040% 2.6861 E-07 
C 12.0107 0.006900% 4.2420E-05 
N 14.0067 0.002000% 1.0543E-05 
a 15.9994 0.028000% 1 .2922E-04 
Mg 24.305 0.001000% 3.0380E-06 
AI 26.98154 0.004100% 1.1220E-05 
Si 28.0855 0.002500% 6.5727E-06 
Ti 47.867 0.003900% 6.0161 E-06 
V 50.9415 0.001000% 1 .4495E-06 
Cr 51.9961 0.002000% 2.8402E-06 
Mn 54.93805 0.002000% 2.6881 E-06 

Hf Fe 55.845 12.261 0.022500% 2.9750E-05 
1.76% Zr Co 58.9332 0.000500% 6.2647E-07 

Ni 58.6934 0.002500% 3.1451 E-06 
Cu 63.546 0.002500% 2.9050E-06 
Zr 91.224 1 .760000% 1 .4246E-03 
Nb 92.90638 0.005000% 3.9738E-06 
Mo 95.94 0.001000% 7.6964E-07 
Cd 112.411 0.000200% 1.3137E-07 
Sn 118.71 0.001000% 6.2201 E-07 
Hf 178.49 98.139450% 4.0599E-02 
Ta 180.9479 0.010000% 4.0807E-06 
W 183.84 0.001000% 4.0165E-07 
Pb 207.2 0.000500% 1.7818E-07 
U235 235.0439 0.000001 % 2.2619E-10 
U238 238.0508 0.000099% 3.0795E-08 

Total 100.000% 4.2309E-02 
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Table 10. Hf Shroud Material Composition and Atom Density [11] (continued) 

Atomic Material Atom 
Isotope/ Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom/b-cm) 
H 1.00794 0.000300% 2.2968E-05 

8-10 10.01294 0.000010% 7.6684E-08 

8-11 11.00931 0.000040% 2.8073E-07 
C 12.0107 0.006900% 4.4333E-05 
N 14.0067 0.002000% 1.1019E-05 
0 15.9994 0.028000% 1.3505E-04 
Mg 24.305 0.001000% 3.1750E-06 
AI 26.98154 0.004100% 1 .1726E-05 
Si 28.0855 0.002500% 6.8692E-06 
Ti 47.867 0.003900% 6.2874E-06 
V 50.9415 0.001000% 1.5149E-06 

Cr 51.9961 0.002000% 2.9683E-06 

Mn 54.93805 0.002000% 2.8093E-06 
Hf Fe 55.845 

12.815 
0.022500% 3.1092E-05 

2.35% Zr Co 58.9332 0.000500% 6.5472E-07 
Ni 58.6934 0.002500% 3.2870E-06 

Cu 63.546 0.002500% 3.0360E-06 

Zr 91 .224 2.350000% 1 .9879E-03 
Nb 92.90638 0.005000% 4.1531 E-06 

Mo 95.94 0.001000% 8.0435E-07 
Cd 112.411 0.000200% 1.3730E-07 

Sn 118.71 0.001000% 6.5007E-07 
Hf 178.49 97.549450% 4.2175E-02 

Ta 180.9479 0.010000% 4.2647E-06 
W 183.84 0.001000% 4.1976E-07 
Pb 207.2 0.000500% 1.8622E-07 

U-235 235.0439 0.000001 % 2.3639E-10 

U-238 238.0508 0.000099% 3.2184E-08 

Total 100.000% 4.4461 E-02 

4.6 Stainless Steel Capsule Component Data 

The AGR-1 Stainless Steel (SS) capsule components include the SS shroud (Figure 2, number 15), SS 

sleeve, SS capsule body, SS capsule top heads, and SS capsule bottoms. These components were 

modeled using 316 stainless steel material. 
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Table 11. AGR-1 SS Component Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius 

Component (in) (em) (in) (em) Reference 
SS Shroud (1200 arc) 1.297 1.64719 1.277 1.62179 DWG-628635, Item 23, sheet 6 

SS Sleeve 1.277 1.62179 1 .250 1.58750 DWG-628635, Item 22, sheet 8 

SS Capsule Body 1 .406 1 .78562 1.298 1.64846 DWG-628635, Item 16, sheet 7 

SS Capsule Top Head 1 .406 1.78562 -- -- 
DWG-628635, Items 18,19,20, 
21, sheet 8 

SS Capsule Bottom 1 .406 1 .78562 -- -- DWG-628635, Item 16, sheet 7 

4.1 Graphite and Grafoil Spacer Data 

The AGR-1 graphite and grafoil spacers were modeled using data from reference [12]. For the MCNP 

model, the graphite and grafoil spacer pairs were combined together at the top of each capsule and at the 

bottom of each capsule. There is a region between the graphite and grafoil spacer pairs that contains 

helium gas, which was also combined with the graphite and grafoil spacer pairs. Note the outer radius of 

the combined spacer was adjusted to 1.519 cm to match the graphite holder outer radius, simplifying the 

MCNP model geometry. The ratio of the actual volumes each component was used when calculating the 

atom density for the combined component. 

Table 12. AGR-1 Graphite/Grafoil Spacer Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius Height Height 

Component (in) (em) (in) (em) (in) (em) Referen ee 
Top 

Graphite Spacer 1.180 1 .49860 0.250 0.31750 0.2100 0.5334 DWG-628635, Item 35, sheet 8 

Grafoil Spacer 1.175 1 .49225 0.125 0.15875 0.0630 0.16002 DWG-628635, Item 38, sheet 7 

Bottom 
Graphite Spacer 1.180 1 .49860 0.250 0.31750 0.2100 0.5334 DWG-628635, Item 36, sheet 8 

Grafoil Spacer 1.175 1 .49225 -- -- 0.0630 0.16002 DWG-628635, Item 39, sheet 8 

Model Dimensions 
Top 

Graphite/Grafoil/He 
-- 1.519 -- -- -- 0.86868 

Spacer Combined 
Bottom 

Graphite/GrafoillHe 
-- 1.519 -- -- -- 0.69342 

Spacer Combined 
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Table 13. AGR-1 Graphite!Grafoil Volume, Mass, and Density [12] 

Percent Calculated 
Area* Height Volume of MCNP Density Mass 

Component (cm2) (em) (cc) Volume (glee) (gm) 

Upper 
Grafoil 5.5652 0.16002 0.89054 25.06% 1.12 0.9974 

Spacer Wall 0.7275 0.5334 0.38805 
39.15% 1.71 2.3786 

Spacer Floor 4.6455 0.2159 1.00296 

Helium (calculated) 1.27181 35. 79% -- 
Total 3.55336 100.00% -- 

Lower 

Grafoil 5.9484 0.16002 0.95186 26.79% 1.12 1 .06609 

Spacer Wall 0.8397 0.5334 0.44790 
41 .82% 2.54086 1.71 

Spacer Floor 4.8077 0.2159 1.03798 

Helium (calculated) 1 .11562 31.40% -- 
Total 3.55336 100.00% -- 
MCNP (Graphite/GrafoiI/He) 5.1244 0.69342 3.55336 100.00% -- 
. 

Area calculated using Autocad. 

Table 14. AGR-1 Combined Graphite/Grafoil and He Atom Density 

Constituent 
Percent of Atom Combined 

Isotope! MCNP Density Atom Density 
Material Element Volume (atom/b-cm) (atom/b-cm) 

Upper Combined Spacer 
Grafoil 

C (Natural) 
25.06% 1.4074E-02 

4.7638E-02 
Graphite Spacer 39.15% 3.3564E-02 
He He 35.79% 3.5792E-05 -- 

Lower Combined Spacer 
Grafoil 

C (Natural) 
26.79% 1.5043E-02 

5.0896E-02 
Graphite Spacer 41 .82% 3.5853E-02 
He He 31.40% 3.1396E-05 -- 
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4.8 Thermocouple Data 

The AGR-1 thermocouples (TCs) were modeled using the data from references [13], [14], [15], and [16]. 

Within the Type-N TC's the nicrosil and nisil wires were combined in order to simplify the MCNP model 

geometry. Except for the combined nicrosil/nisil wires, the TCs were explicitly modeled within the 

graphite holder regions. 

Table 15. AGR-1 Thermocouple Material Composition and Atom Density 

Atomic Material Atom 
Isotope/ Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom/b-cm) 
C 12.0107 0.031% 1.3165E-04 
AI 26.98154 0.120% 2.2686E-04 
Si 28.0855 0.250% 4.5404E-04 
S 32.065 0.002% 3.1815E-06 

Inconnel 600 
Ti 47.867 0.220% 2.3443E-04 

Sheath Cr 51.9961 8.47 16.260% 1.5951 E-02 
Mn 54.93805 0.840% 7.7990E-04 
Fe 55.845 7.150% 6.5306E-03 
Co 58.9332 0.025% 2.1638E-05 
Ni 58.6934 75.082% 6.5250E-02 
Cu 63.546 0.020% 1 .6054E-05 

Total 100.000% 8.9600E-02 
8-10 10.01294 0.0003% 5.9244E-07 
8-11 11.00931 0.0012% 2.1688E-06 

0 15.9994 39.6914% 4.9301 E-02 

MgO 
Mg 24.305 60.2354% 4.9252E-02 

Insulation 
AI 26.98154 3.3 0.0159% 1 .1694E-05 
Si 28.0855 0.0047% 3.3075E-06 
Ca 40.078 0.0286% 1.4175E-05 
Fe 55.845 0.0210% 7.4670E-06 
Cd 112.411 0.0015% 2.6518E-07 

Total 100.0000% 9.8593E-02 

Nicrosil NP 
Si 28.0855 1.40% 2.5516E-03 

Wire Cr 51.9961 8.5 14.20% 1.3979E-02 
Ni 58.6934 84.40% 7.3608E-02 

Total 100.00% 9.0139E-02 

Nicrosil NN 
Mg 24.305 0.10% 2.1185E-04 

Wire 
Si 28.0855 8.55 4.40% 8.0665E-03 
Ni 58.6934 95.50% 8.3778E-02 

Total 100.00% 9.2057E-02 
Mg -- -- 1 .0592E-23 Nicrosil/Nisil 

Combined 
Si 

-- -- 4.2155E-03 
-- 

Wire Cr -- -- 7.6296E-03 
Ni 

7.8649E-02 
Total 9.0600E-02 
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Table 15. AGR-1 Thermocouple Material Composition and Atom Density 
(continued) 

Atomic Material Atom 
Isotopel Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom/b-cm) 

Na 22.98977 0.0001 % 2.6562E-07 
AI 26.98154 0.0005% 1.1316E-06 
Si 28.0855 0.0050% 1 .0871 E-05 

Molybdenum K 39.0983 0.0007% 1 .0933E-06 
ASTM 8387 Cr 51.9961 

10.14 
0.0001 % 1.1744E-07 

Type 361 Fe 55.845 0.0040% 4.3739E-06 
Sheath Ni 58.6934 0.0030% 3.1212E-06 

Cu 63.546 0.0001% 9.6095E-08 
Mo 95.94 99.9845% 6.3639E-02 
W 183.84 0.0020% 6.6432E-07 

Total 100.0000% 6.3661 E-02 

0 15.9994 47.1000% 6.8963E-02 

AI203 Na-23 22.98977 0.1338% 1.3633E-04 

Insulation 
AI 26.98154 3.89 52.6075% 4.5675E-02 
Si 28.0855 0.0748% 6.2382E-05 
Fe 55.845 0.0839% 3.5208E-05 

Total 100.0000% 1.1487E-01 

H 1.00794 0.0003% 1.5361 E-05 
C 12.0107 0.0040% 1 .7188E-05 
N 14.0067 0.0070% 2.5793E-05 
0 15.9994 0.0105% 3.3870E-05 
Si 28.0855 0.0050% 9.1880E-06 

Nb1%Zr 
Fe 55.845 0.0040% 3.6966E-06 

Sheath 
Ni 58.6934 8.57 0.0020% 1.7586E-06 

Zr 91.224 1.0650% 6.0252E-04 
Nb 92.90638 98.3912% 5.4657E-02 

Mo 95.94 0.0030% 1.6138E-06 
Hf 178.49 0.0050% 1 .4457E-06 

Ta 180.9479 0.0200% 5.7044E-06 
W 183.84 0.0030% 8.4220E-07 

Total 100.0000% 5.5514E-02 

C 12.0107 0.0003% 1.3613E-06 
0 15.9994 15.1407% 5.1575E-02 
AI 26.98154 0.0036% 7.2717E-06 

Hf 2.35% Zr Si 28.0855 
9.05 

0.0045% 8.7323E-06 
Insulation Ti 47.867 0.0024% 2.7326E-06 

Fe 55.845 0.0036% 3.5133E-06 
Zr 91.224 0.3900% 2.3300E-04 
Hf 178.49 84.4549% 2.5788E-02 

Total 100.0000% 7.7619E-02 
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Table 15. AGR-1 Thermocouple Material Composition and Atom Density 
(continued) 

Atomic Material Atom 
Isotopel Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom/b-cm) 
C 12.0107 0.0010% 5.0842E-06 
0 15.9994 0.0190% 7.2517E-05 
Na 22.98977 0.0011 % 2.9218E-06 
Mg 24.305 0.0005% 1.2562E-06 
AI 26.98154 0.0095% 2.1500E-05 
Si 28.0855 0.0290% 6.3053E-05 
K 39.0983 0.0117% 1 .8273E-05 

Molybdenum Ca 40.078 0.0012% 1 .8284E-06 
ASTM 8387 Ti 47.867 10.14 

0.0005% 6.3786E-07 
Type 361 Cr 51.9961 0.0010% 1.1744E-06 

Wire Mn 54.93805 0.0005% 5.5576E-07 
Fe 55.845 0.0018% 1 .9682E-06 
Co 58.9332 0.0001 % 1.0362E-07 
Ni 58.6934 0.0010% 1 .0404E-06 
Cu 63.546 0.0010% 9.6095E-07 
Zr 91.224 0.0010% 6.6939E-07 
Mo 95.94 99.9036% 6.3587E-02 
W 183.84 0.0165% 5.4807E-06 

Total 100.0000% 6.3786E-02 
H 1 .00794 1.5361 E-05 2.7635E-04 
C 12.0107 1 .1725E-05 2.1093E-04 
N 14.0067 1 .1177E-05 2.0107E-04 
0 15.9994 2.7956E-05 5.0294E-04 
Si 28.0855 9.1880E-06 1.6529E-04 
Ti 47.867 4.3128E-06 7.7588E-05 

Nb1 %Zr Fe 55.845 
8.57 

3.2346E-06 5.8191 E-05 
Wire Ni 58.6934 2.4244E-06 4.3615E-05 

Zr 91 .224 5.6332E-10 1.0134E-08 
Nb 92.90638 5.5464E-02 9.9780E-01 
Mo 95.94 1.6138E-06 2.9033E-05 
Hf 178.49 1 .4457E-06 2.6009E-05 
Ta 180.9479 3.2841 E-05 5.9082E-04 
W 183.84 8.4220E-07 1.5151 E-05 

Total 100.00% 5.5586E-02 
C 12.0107 0.0350% 2.9226E-04 
N 14.0067 0.0200% 1.4321 E-04 
0 15.9994 0.1413% 8.8543E-04 
Si 28.0855 0.0225% 8.0347E-05 
Ti 47.867 0.0053% 1.1000E-05 

Tantalum Fe 55.845 16.654 0.0175% 3.1428E-05 
Ni 58.6934 0.0075% 1.2816E-05 
Nb 92.90638 0.0450% 4.8578E-05 
Mo 95.94 0.0140% 1 .4635E-05 
Ta 180.9479 99.6775% 5.5248E-02 
W 183.84 0.0145% 7.9104E-06 

Total 100.00% 5.6775E-02 
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Table 16. AGR-1 Thermocouple Dimensions [13] 

Outer Outer Inner Inner 
Diameter Rad i us Diameter Rad i us 

Component (in) (em) (in) (em) 
Type N (1/16") 

Nisi! Wire 0.010 0.01270 
Nicrosil Wire 0.010 0.01270 
MgO Insulation 0.042 0.05334 0.01 0.01270 
Inconnel Sheath 0.062 0.07874 0.042 0.05334 

Model Dimensions 
Nisil/Nicrosil Wire (combined) a 

0.01796 
MgO Insulation (adjusted) b 

0.05334 0.01796 

Type N (3/32") 

Nisil Wire 0.015 0.01905 
Nicrosil Wire 0.015 0.01905 
AI203 Insulation 0.056 0.07112 0.015 0.01905 
Moly Sheath 0.092 0.11684 0.056 0.07112 

Model Dimensions 
Nisil/Nicrosil Wire (combined) a 

0.02694 
AI203 Insulation (adjusted) b 

0.7112 0.02694 

INL(1/16") 

Tantalum 0.025 0.03175 0.015 0.01905 
Moly Wire 0.0092 0.011684 
Nb1 Zr Wire 0.0083 0.010541 
Hf02 Insulation 0.0417 0.052959 
Nb1 Zr Sheath 0.0620 0.07874 0.0417 0.052959 

Model Dimensions 

Tantalum 
C 

0.0092 0.011684 
0.0083 0.010541 

a) Calculated to preserve equivalent volumes. 
b) Adjusted to accommodate combined wires. 
c) Tantalum was modeled using the outer radii for the corresponding wire. Lengths were 

calculated using equivalent volumes. 

4.9 Molybdenum Thru Tube Data 

The AGR-1 molybdenum thru tubes (TTs) were modeled using the following data as well as material data 

from standard references. 
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Table 17. AGR-1 Molybdenum Thru Tube Material Composition and Atom Density 

Atomic Material Atom 
Isotopel Weight Density Density 

Material Element (g/mole) (g/cm3) Weight % (atom/b-cm) 

Na 22.98977 0.0001% 2.6562E-07 
AI 26.98154 0.0005% 1.1316E-06 
Si 28.0855 0.0050% 1.0871 E-05 

Molybdenum 
K 39.0983 0.0007% 1 .0933E-06 

ASTM 387 Cr 51.9961 10.14 
0.0001 % 1.1744E-07 

Type 361 Fe 55.845 0.0040% 4.3739E-06 
Ni 58.6934 0.0030% 3.1212E-06 

Cu 63.546 0.0001 % 9.6095E-08 

Mo 95.94 99.9845% 6.3639E-02 
W 183.84 0.0020% 6.6432E-07 

Total 100.0000% 6.3661 E-02 

Table 18. AGR-1 Molybdenum Thru Tube Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius 

Component (in) (cm) (in) (cm) 

Molybdenum Thru Tube 0.25000 0.31750 0.2300 0.29210 

4.10 Niobium Gas Line Data 

The gas lines are 99.8% pure niobium and were modeled using the following data as well as material and 

element data from standard references. 

Table 19. AGR-1 Nb Gas Lines Atom Density 

Atomic Material Atom 
Isotopel Weight Density Density 

Material Element (g/mole) (g/cm3) (atom/b-cm) 

Nb Gas Lines Nb 92.90638 8.57 5.55490E-02 

Table 20. AGR-1 Nb Gas Lines Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius 

Component (in) (cm) (in) (cm) Reference 

Niobium Gas Line (In/Out) 0.0625 0.07938 0.0425 0.05398 DWG-628635 Item 43, Sheet 1 
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4.11 Thru Tube Contents Data 

The thru tubes provide space for threading thermocouples and gas lines through the capsule assembly. 

To simplify the MCNP model geometry, the gas lines and TCs modeled within the thru tubes and the 

large gas spaces between capsules were combined together, like-to-like. The materials were explicitly 

modeled, but equivalent material volumes and equivalent material masses were calculated. The number 

and type of TC's and number of gas lines used to calculate the equivalent volumes for the MCNP model 

of the AGR-1 capsule assembly are given in Table 21 and Table 22. 

Table 21. Number and Type of TCs and Gas Lines within Capsules and Thru Tubes[14] 

No. 
Capsule Within No. Within Thru Tubes 
Position Component Capsule Tn TT2 TT3 TT Total 

gas line 2 10 -- -- 10 

6 Type N (1/16") 
-- -- 5 -- 5 

(Top) INL TC (1/16") 2 -- 3 6 9 

Type N (3/32") 3 -- -- -- -- 
gas line 2 8 -- -- 8 

5 Type N (1/16") 1 -- 4 -- 4 

INL TC (1/16") 2 -- 2 5 7 

Type N (3/32") 
-- -- -- -- -- 

gas line 2 6 -- -- 6 

4 Type N (1/16") 1 -- 3 -- 3 

INL TC (1/16") 2 -- 2 3 5 

Type N (3/32") 
-- -- -- -- -- 

gas line 2 4 -- -- 4 

3 Type N (1/16") 1 -- 2 -- 2 

INL TC (1/16") 2 -- 1 2 3 

Type N (3/32") 
-- -- -- -- -- 

gas line 2 2 -- -- 2 

2 Type N (1/16") 1 -- 1 -- 1 

INL TC (1/16") 2 -- -- 1 1 

Type N (3/32") -- -- -- -- -- 
gas line 1 -- -- -- -- 

1 Type N (1/16") 1 -- -- -- -- 
(Bottom) INL TC(1/16") 1 -- -- -- -- 

Type N (3/32") 
-- -- -- -- -- 
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Table 22. Number of TCs & Gas Lines per Thru Tube (Equivalent Volumes Modeled) 

TT1 TT2 TT3 

No. of No. of INL No. of Type-N No. of INL No. of Type-N 

Gas SPC-775 TCs TCs SPC-775 TCs TCs 
Capsule Lines (1/16") (1/16") (1/16") (1/16") 

6 10 3 3+2=5 6 - 

5 8 2 2+2=4 5 -- 
4 6 2 2+1=3 3 -- 
3 4 1 2 2 -- 
3 2 -- 

1 1 -- 

4.12 Other AGR-1 Capsule Assembly Component Data 

The remaining capsule assembly components for the AGR-1 capsule assembly were modeled using the 

data and dimensions presented below. Note, the outer radii for the SS capsule train end, SS surrounding 

lower graphite spacer, and SS cap below the lower graphite spacer were adjusted from 1.78181 cm to 

1.78562 cm, to coincide with the outer radii for the SS capsule bodies, again to simplify the MCNP model 

geometry. The SS components were modeled using 316 stainless and the lower graphite spacer was 

modeled using graphite grade H-451. 

Table 23. Other AGR-1 Component Dimensions 

Outer Outer Inner Inner 
Diameter Radius Diameter Radius 

Component (in) (em) (in) (em) Reference 

Lower Graphite Spacer @ AGR 
1.280 1.62560 DWG-628633, Detail 11 

Assembly Bottom 
SS surrounding Lower Graphite 1 .4060 1 .78562 1.180 1 .49860 

DWG-628633, Detail 12 & 

Spacer DWG-623635, Item 16, Sheet 7 

SS Cap below Lower Graphite 1 .4060 1.78562 
DWG-628633, Detail 12 & 

Spacer DWG-623635, Item 16, Sheet 7 

SS Capsule Train End 1 .4060 1.78562 1.180 1 .49860 
DWG-628633, Detail 12 & 

DWG-623635, Item 16, Sheet 7 

Water inside Assembly Bottom 1.180 1 .49860 DWG-628633, Detail 12 
(Capsule Train End) 

Gas Region above Assembly 1 .4060 1 .78562 DWG-628635, Item 16, Sheet 7 

Water surrounding AGR 
1.9050* 1 .4060 1 .78562 DWG-628635, Item 16, Sheet 7 

Assembly (within B-10 Position) 

'Note - This is the outer radius for the ATR 8-10 Irradiation Test Position. 

4.13 MCNP Capsule Details 

The AGR-1 capsule assembly was modeled as explicitly as possible. The numbering scheme used to 

designate component positions is shown in Figure 4. An X-V cross-sectional view created using the 

MCNP geometry model for each capsule and the gas region above that capsule is shown by Figure 5 

through Figure 10. 
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f 

Figure 4. MCNP X-V Cross Section of a Generic AGR-1 Experiment Capsule Assembly. 
(Components shown include: Graphite Holder, Thru Tubes, Fuel Compacts, SS Sleeve, Hf/SS 

Shroud, TC and Gas Line Openings, Capsule Body, Gas Gaps, and Water Gap) 

Key: Red Numbers - Fuel Compact Position Designation (1,2,3) 
Green Numbers - Thru Tube Position Designation (1, 2, 3) 
Blue Numbers - TC and Gas Line Position Designation (1,2,3,4,5,6) 
Brown Numbers - Hf Shroud Position Designation (1, 2, 4, 5) 

Turquoise Number - SS Shroud Position Designation (3) 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 6 and 
84C Region within Capsule 6 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 5 and 

B4C Region within Capsule 5 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 4 and 
B4C Region within Capsule 4 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 3 and 
B4C Region within Capsule 3 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 2 and 

84C Region within Capsule 2 
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MCNP X-V Cross Section Views of Gas Region above AGR-1 Capsule 1 and 
B4C Region within Capsule 1 
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5.0 Analysis and Calculations 

MCNP was used to calculate the AGR-1 capsule assembly structural components neutron fission and 

gamma heating rates as well as the AGR-1 capsule assembly reactivity worth relative to an aluminum 

dummy. The depletion methodology MCWO (using ORIGEN2) was used to calculate the AGR-1 fuel 

compact and absorber depletion/burnup behaviors versus EFPO's for the ATR 8-10 position. 

MCNP reports tally results normalized per source particle. The flux tallies have units of neutrons/cm2 per 

fission neutron and the heating tallies have units of MeV/gm per fission neutron or per delayed fission 

photon. Additionally, the MCNP tally results must be scaled to reactor operating conditions. The 

following normalization factors were used to scale the MCNP-calculated flux tallies and heating tallies 

reported by this EDF. 

Neutron Flux Normalization Factor 

Note, the MCNP f4 tally has units of 1/cm2 per source neutron. 

(fission neutrons)(fisSion)( AfeV Jì 17/ liT /.. = 

r, ux j vormalzazton 
fission Me V MWcore 

power 
- S 

(2.43 fissio~ neutrons ì( fission J(6.24146XlOI8 MeV ì 
= 

7.583xl016fission neutrons 

fisslOn ) 200 Me V MWcore power 
- S ) MWcore power 

- S 

Neutron/Gamma HeatinQ Normalization Factor 

Note, the MCNP f6 tally has units of MeV/g per source neutron. 

(fission neutrons )( W - s ) u ]." Z. . 

- = neat JVorma lzatwn 
MW -8 ~i\ÆeV 

(7.583XI016 fission neutronS](1.60219XlO-13W -sJ =1.215xl04 
fission neutrons- W 

MWcore power 
- s Me V MWcore 

power 
- Me V 
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Delaved Fission Product Gamma Heatinq Normalization Factor 

Note, the MCNP f6 tally has units of MeV/g per source photon. 

(delayed fission photons J( fission )( Me V J( W - S) U 7\T Z" 
- = neat Horma lzmton 

fission Me V MWcore power 
- s Me V 

(8.9603 delayed~ssion PhofonsJ( fission J(6.24146XI018 }lðeV)(1.60219 x 10-13 W -sJ 
= 

fissIOn 200 }vfe V MWcore power 
- s Me V 

4.48015 x 1 04 delyed fission photons - W 

MWcore power 
- Me V 

MCNP kcode calculations were performed to evaluate the AGR-1 capsule assembly reactivity worth. 

Each kcode calculation used 25000 source histories per cycle and 900 cycles. The kcode card used for 

the calculations follows. 

kcode 25000 1. 01 5 90 

A good indicator of fuel burnup is the Fissions per Initial heavy Metal Atom (FIMA). This is simply the 

ratio of the number of fissions that have occurred in the fuel to the initial (zero burnup) inventory of heavy 

metal atoms (uranium plus plutonium) in the fuel. A FIMA value is determined as part of the normal PIE 

burnup determination procedure. Based upon an effective energy release of 204.55 MeV per fission, 

atomic mass of initial heavy metal (total uranium atomic mass is 237.46 g atoms/mole for a fuel 

enrichment of 19.736% U-235) the burnup (GWd/t) can be obtained by multiplying the % FIMA by the 

conversion factor 9.6. 

% FIMA to GWd/ton Conversion Factor 

(% FIMAt:Jg :~:s X a~:7: X;:: X ::; )( ~: )( G:) ~ FIMA to~W fis~~~n 

(FlMA)(1.0X 106 gJ( mole J(6.02214X 1023 atoms](204.55 MéVJ 
100 ton 237.46 g . atoms mole fission 

(1.60219XIO-13w.sec]( Iday J( IGW ]=FlMA.9.6 GW.day 
Me V 86400 see 1 x 109 W ton. fission 
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6.0 Software 

The three computer codes (MCNP, MCWO, and ORIGEN2) used to perform this confirmatory analysis 

are listed as verified and validated (V&V'd) software in the INL Enterprise Architecture Repository and are 

accepted as qualified scientific and engineering analysis software. 

Table 24. INL Qualified Analysis Software Version and Tracking Number 

Code Name 

MCNP 

MCWO 

ORIGEN2 

Version 

5 (Release 1.30) 

0 

2.1 

V&V 
Tracking Number 

171103,198740 

149879 

64556 

MCNP has been verified for use at the INL by running the 42 sample problems transmitted on the 

Radiation Safety Information Computational Center (RSICC) installation CD and verifying the results 

against the standard results provided on the CD. 

MCWO has been verified at the INL by benchmarking calculated flux magnitudes with measured flux 

levels for several experiments in several test positions in the A TR core [17], [18J, [19J. Additionally, 

MCWO and the ATR core model have been benchmarked for heat rate evaluations by comparing the 

measured temperatures to predicted temperatures in various ATR experiments [20]. 

The following computer configurations were used to perform the MCNP, MCWO, and ORIGEN2 

calculations reported by this EDF. 

Table 25. Computer Configurations for INL Qualified MCNP5 installations. 

Computer 
System Property 
Name Computer Model Processor Operating System Number 

QOUQhd2 Dell Precision 670 Dual Intel Xeon Windows XP 382130 

panda2 Dell Precision 670 Dual Intel Xeon Windows XP 378377 

230 Sun Microsystems V20z AMD Opteron Mandrake Linux N/A 

nodes, two AMD Opteron 10.0, gcc version 
OZONE Model 248 CPUs (2.2GHz) 3.3.2-6.1 mdk, 

per node, 4GB RAM per kernel version 

node. 2.6.3-11 mdksmp 

Table 26. Computer Configurations for INL Qualified MCWOIORIGEN2 installations. 

Computer 
System Property 
Name Computer Model Processor Operating System Number 

panda2 Dell Precision 670 Dual Intel Xeon Windows XP 378377 
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7.0 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. 

8.0 Results and Conclusions 

8.1 Projected Neutron/Gamma Heating Rates 

The projected neutron/gamma heating rates for the AGR-1 capsule assembly structural components are 

tabulated in Table 27 through Table 32, and the material densities are summarized in Table 33. For BOL 

conditions (0 EFPDs and normalized to Cycle 138B total core power of 108.4 MW) the maximum 

neutron/gamma heating rate was calculated to be 22.33 WIg for the graphite holder of capsule 5 (bottom 

1 inch node). For the projected peak fuel fission power density condition (250 EFPDs and normalized to 

Cycle 141 B total core power of 185.0 MW), the maximum neutron/gamma heating rate was calculated to 

be 19.19 WIg for the hafnium shroud of capsule 3 (hafnium position 5, facing core center towards SW, 

see Figure 2, number 17). 

Project staff requested that additional projected neutron/gamma heating rate calculations for the B4C 

graphite holders VS. EFPDs be performed. These additional calculations determined the projected 

neutronfgamma heating rates for 800 EFPDs of irradiation in 25 day intervals. The heating rate results 

for the B4C graphite holders VS. EFPDs are tabulated in Table 34 of this document. 

Table 27. Neutron/Gamma Heating Rates for Other AGR-1 Components/Regions (0 EFPDs) 

Neutron/ 

Other AGR-1 Components/Regions Gamma 
Heating 

(W/g) 

Lower Graphite Spacer @ AGR Assembly Bottom 1.62 
SS around Lower Graphite Spacer 1.98 
SS Cap below Lower Graphite Spacer 1.80 
SS @ Assembly Bottom (Capsule Train End) 1.50 
Water within Assembly Bottom (Capsule Train End) 1.83 
Gas Region above Assembly 1.71 

5S AGR Capsule Body (All 6 Capsules) 2.77 
Water surrounding AGR Capsule Bodies* 3.87 
* Includes Delayed Fission Product Gamma 
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Table 28. Neutron/Gamma Heating Rates for Other AGR-1 Components/Regions (250 EFPDs) 

Neutron/ 

Other AGR-1 Components/Regions Gamma 
Heating 

(WIg) 

Lower Graphite Spacer @ AGR Assembly Bottom 2.78 
SS around Lower Graphite Spacer 3.33 
SS Cap below Lower Graphite Spacer 3.08 
S8 @ Assembly Bottom (Capsule Train End) 2.52 
Water within Assembly Bottom (Capsule Train End) 3.08 
Gas Region above Assembly 2.88 
SS AGR Capsule Body (All 6 Capsules) 4.76 
Water surrounding AGR Capsule Bodies" 6.55 
" Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 
Capsule Assembly Components (0 EFPDs) 

Neutronl Neutronl 

Capsule 6 - top 
Gamma Capsule 5 Gamma 
Heating Heating 

(Wig) (WIg) 

SS Capsule Top Head 1.61 SS Capsule Top Head 2.27 
Graphite/Grafoil Spacer Top 1.57 Graphite/Grafoil Spacer Top 2.23 

Graphite Holder (5.5% B4C)* -- Graphite Holder (7.0% B4C)* -- 
0.0" - 0.5" node (Top)* 13.37 0.0" - 1.0" node (Top)* 18.25 

0.5" - 1.0" node * 11.47 1.0" - 2.0" node 
* 16.60 

1.0" - 2.0" node* 11.46 2.0" - 3.5" node* 17.55 

2.0" to 4.0" (Bottom)* 13.65 3.5" - 4.0" node (Bottom)* 22.33 

Graphite/Grafoil Spacer Bottom 2.06 Graphite/Grafoil Spacer Bottom 2.49 

SS Capsule Bottom 2.21 SS Capsule Bottom 2.69 

SS Sleeve 2.02 SS Sleeve 2.64 

Hf Shroud* -- Hf Shroud* -- 
Position 1 (60 degree are)* 7.38 Position 1 (60 degree are)* 9.72 
Position 2 (60 degree are)* 5.81 Position 2 (60 degree are)* 7.73 

Position 4 (60 degree are)* 5.74 Position 4 (60 degree are)* 7.60 
Position 5 (60 degree are)* 7.50 Position 5 (60 degree are)* 9.87 

SS Shroud (120 degree arc) 1.62 SS Shroud (120 degree arc) 2.13 

Molybdenum Thru Tube 1 (TT1) 2.61 Molybdenum Thru Tube 1 (TT1) 3.41 

Molybdenum Thru Tube 2 (TT2) 2.18 Molybdenum Thru Tube 2 (TT2) 2.83 

Molybdenum Thru Tube 3 (TT3) 2.18 Molybdenum Thru Tube 3 (TT3) 2.87 

TT1 Contents - 10 Nb Gas Lines 2.02 TT1 Contents - 8 Nb Gas Lines 3.17 

TT2 Contents - 3 T -50's & 5 T -N's (1/16") -- TT2 Contents - 2 T -50's & 4 T -N's (1/16") -- 
T-50 Mo Wires 1.89 T-50 Mo Wires 2.91 

T-50 Nb1 Zr Wires 1.85 T-50 Nb1Zr Wires 2.93 

T-50 Hf02 insulation 2.66 T-50 Hf02 insulation 4.10 

T-50 Nb1Zr Sheaths 1.90 T-50 Nb1Zr Sheaths 2.77 
T-N (1116'? NierosillNisil Wires 1.63 T-N (1116") NierosillNisil Wires 2.40 

T-N (1116'? MgO insulatíon 1.42 T-N (1116'? MgO insulation 2.23 

T-N (1116") Ineonnel Sheath 1.64 T-N (1116") Ineonnel Sheath 2.40 

TT3 Contents - 6 T -50's -- TT3 Contents - 5 T -50's -- 
T -50 Mo Wires 1.82 T -50 Mo Wires 2.78 
T -50 Nb1 Zr Wires 1.84 T -50 Nb1 Zr Wires 2.75 
T -50 Hf02 insulation 2.59 T -50 Hf02 insulation 4.02 

T-50 Nb1Zr Sheaths 1.88 T-50 Nb1Zr Sheaths 2.76 
* 

Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron!Gamma Heating Rates for AGR-1 
Capsule Assembly Components (0 EFPDs) 

Neutron! Neutron! 

Capsule 6 - top 
Gamma Capsule 5 Gamma 
Heating Heating 

(Wig) (WIg) 

84C Opening - Center -- B4C Opening - Center -- 
T-50 Nb1Zr Sheath 2.16 Nothing -- 
T -50 Hf02 Insulation 3.15 -- 
T -50 Mo Wires 2.20 -- 

T-50 Nb Wires 2.15 -- 
T -50 T a barrier 3.65 -- 

B4C Opening - 1 -- B4C Opening - 1 -- 
T-50 Nb1Zr Sheath 2.44 T-50 Nb1Zr Sheath 3.46 
T -50 Hf02 Insulation 3.58 T -50 Hf02 Insulation 5.12 

T-50 Mo Wires 2.47 T -50 Mo Wires 3.39 
T -50 Nb Wires 2.50 T -50 Nb Wires 3.51 

T -50 Ta barrier 3.68 T -50 T a barrier 6.22 

B4C Opening - 2 -- B4C Opening - 2 -- 
Nb Gas Line (Out) 2.63 Nb Gas Line (Out) 2.94 

B4C Opening - 3 -- B4C Opening - 3 -- 
T-N (3/32") Moly Sheath 1.77 T-N (1/16") Inconnel Sheath 2.23 

T-N (3/32") AI203 Insulation 1.36 T-N (1/16") MgO Insulation 2.01 

T -N (3/32") Nicrosil/Nisil Wires 1.50 T-N (1/16") Nicrosil/Nisil Wires 2.30 

B4C Opening - 4 -- 84C Opening - 4 -- 
T -N (3/32") -- T -50 Nb1 Zr Sheath 2.65 
T -N (3/32") Moly Sheath 1.79 T -50 Hf02 Insulation 3.82 

T-N (3/32") AI203 Insulation 1.40 T-50 Mo Wires 2.69 

T-N (3/32") Nicrosil/Nisil Wires 1.49 T -50 Nb Wires 2.72 

-- T-50 Ta barrier 4.37 

B4C Opening - 5 -- B4C Opening - 5 -- 
T-N (3/32") Moly Sheath 2.03 Nothing -- 
T -N (3/32") AI203 Insulation 1.58 -- 
T-N (3/32") Nicrosil/Nisil Wires 1.78 -- 

B4C Opening - 6 -- B4C Opening - 6 -- 
Nb Gas Line (In) 2.11 Nb Gas Line (In) 3.43 

* Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 
Capsule Assembly Components (0 EFPDs) (continued) 

Neutronl Neutronl 

Capsule 4 Gamma 
Capsule 3 Gamma 

Heating Heating 
(WIg) (W/a) 

SS Capsule Top Head 2.69 SS Capsule Top Head 2.84 

Graphite/Grafoil Spacer Top 2.61 Graphite/Grafoil Spacer Top 2.74 
Graphite Holder (7.0% B4C)* -- Graphite Holder (7.0% B4C)* -- 

0.0" - 1.0" node (Top)* 21.39 0.0" - 1.0" node (Top)* 22.25 
1.0" - 2.0" node 

* 18.65 1.0" - 2.0" node * 19.32 
2.0" - 3.0" node 

* 19.02 2.0" - 3.0" node * 19.15 
3.0" - 4.0" node(Bottom)* 21.50 3.0" - 4.0" node (Bottom)* 21.92 

Graphite/Grafoil Spacer Bottom 2.67 Graphite/Grafoil Spacer Bottom 2.64 
SS Capsule Bottom 2.85 SS Capsule Bottom 2.82 
SS Sleeve 2.96 SS Sleeve 3.01 

Hf Shroud* -- Hf Shroud* -- 
Position 1 (60 degree arc)* 10.85 Position 1 (60 degree arc)* 11.20 
Position 2 (60 degree arc)* 8.52 Position 2 (60 degree arc)* 8.81 
Position 4 (60 degree arc)* 8.51 Position 4 (60 degree arc)* 8.74 
Position 5 (60 degree arc)* 11.09 Position 5 (60 degree arc)* 11.31 

SS Shroud (120 degree arc) 2.39 SS Shroud (120 degree arc) 2.41 

Molybdenum Thru Tube 1 (TT1) 3.84 Molybdenum Thru Tube 1 (TT1) 3.92 
Molybdenum Thru Tube 2 (TT2) 3.20 Molybdenum Thru Tube 2 (TT2) 3.31 
Molybdenum Thru Tube 3 (TT3) 3.22 Molybdenum Thru Tube 3 (TT3) 3.27 

TT1 Contents - 6 Nb Gas Lines 3.57 TT1 Contents - 4 Nb Gas Lines 3.66 

TT2 Contents - 2 T-50's & 3 T-N's (1/16") -- TT2 Contents - 2 T -50's & 4 T -N's (1/16") 
-- 

T-50 Mo Wires 3.25 T-50 Mo Wires 3.28 
T-50 Nb1Zr Wires 3.07 T-50 Nb1Zr Wires 3.38 
T-50 Hf02 insulation 4.65 T-50 Hf02 insulation 4.82 
T-50 Nb1Zr Sheaths 3.12 T-50 Nb1Zr Sheaths 3.27 
T-N {1/16'7 Nicrosil/Nisi/ Wires 2.77 T-N (1/16") Nicrosif/Nisil Wires 2.70 
T-N (1/16") MgO insulation 2.52 T-N (1/16'7 MgO insulation 2.47 
T-N (1/16'7 Inconnel Sheath 2.70 T-N {1/16'7 /nconnel Sheath 2.69 

TT3 Contents - 3 T -50's -- TT3 Contents - 5 T -50's -- 
T -50 Mo Wires 3.28 T-50 Mo Wires 3.31 

T-50 Nb1Zr Wires 3.20 T-50 Nb1Zr Wires 3.30 
T-50 Hf02 insulation 4.54 T -50 Hf02 insulation 4.70 
T-50 Nb1Zr Sheaths 3.13 T-50 Nb1Zr Sheaths 3.20 

* Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 

Capsule Assembly Components (0 EFPDs) (continued) 

Neutron/ Neutron/ 

Capsule 4 Gamma Capsule 3 Gamma 
Heating Heating 

(W/g) (W/g) 

B4C Opening - Center -- B4C Opening - Center -- 
T -50 Nb1 Zr Sheath 3.53 Nothing -- 
T -50 Hf02 Insulation 5.11 -- 
T -50 Mo Wires 3.67 -- 

T-50 Nb Wires 3.64 -- 
T -50 T a barrier 5.72 -- 

B4C Opening - 1 -- B4C Opening - 1 -- 
Nothing -- T-50 Nb1Zr Sheath 4.21 

-- T-50 Hf02 Insulation 6.17 

-- 
T -50 Mo Wires 4.27 

-- T-50 Nb Wires 4.20 

-- 
T -50 T a barrier 5.17 

B4C Opening - 2 -- B4C Opening - 2 -- 
Nb Gas Line (Out) 3.43 Nb Gas Line (Out) 3.66 

B4C Opening - 3 -- B4C Opening - 3 -- 

T-N (1/16") Moly Sheath 2.46 T-N (1/16") Inconnel Sheath 2.62 

T-N (1/16") MgO Insulation 2.27 T-N (1/16") MgO Insulation 2.35 

T -N (1/16") Nicrosil/Nisil Wires 2.47 T-N (1/16") Nicrosil/Nisil Wires 2.73 

B4C Opening - 4 -- B4C Opening - 4 -- 
T -50 Nb1 Zr Sheath 3.08 T-50 Nb1Zr Sheath 3.14 
T -50 Hf02 Insulation 4.48 T -50 Hf02 Insulation 4.68 

T-50 Mo Wires 3.14 T-50 Mo Wires 3.21 

T-50 Nb Wires 3.07 T-50 Nb Wires 3.37 

T -50 T a barrier 4.45 T -50 T a barrier 7.21 

B4C Opening - 5 -- B4C Opening - 5 -- 
Nothing -- Nothing -- 

-- -- 

-- -- 

B4C Opening - 6 -- B4C Opening - 6 -- 
Nb Gas Line (In) 3.92 Nb Gas Line (In) 4.03 

* Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 
Capsule Assembly Components (0 EFPDs) (continued) 

Neutronl Neutron/ 

Capsule 2 Gamma Capsule 1 - bottom Gamma 
Heating Heating 

(W/g) (Wig) 

SS Capsule Top Head 2.76 SS Capsule Top Head 2.41 

Graphite/Grafoil Spacer Top 2.59 Graphite/Grafoil Spacer Top 2.20 
Graphite Holder (7.0% 84C)* -- Graphite Holder (5.5% 84C)* -- 

0.0" - 1.0" node (Top)* 21.71 0.0" - 1.0" node (Top)* 17.22 
1.0" - 2.0" node 

* 18.23 1.0" - 2.0" node 
* 

14.07 

2.0" - 3.0" node* 17.93 2.0" - 4.0" node (Bottom)* 13.91 

3.0" - 4.0" node (Bottom)* 19.92 -- 
Graphite/Grafoil Spacer Bottom 2.37 Graphite/Grafoil Spacer Bottom 1.82 
SS Capsule Bottom 2.46 SS Capsule Bottom 1.89 

SS Sleeve 2.78 SS Sleeve 2.27 
Hf Shroud* -- Hf Shroud* -- 

Position 1 (60 degree arc)* 10.35 Position 1 (60 degree arc)* 8.27 
Position 2 (60 degree arc)* 8.22 Position 2 (60 degree arc)* 6.61 

Position 4 (60 degree arc)* 8.15 Position 4 (60 degree arc)* 6.59 
Position 5 (60 degree arc)* 10.47 Position 5 (60 degree arc)* 8.58 

SS Shroud (120 degree arc) 2.26 SS Shroud (120 degree arc) 1.83 

Molybdenum Thru Tube 1 (TT1) 3.65 Molybdenum Thru Tube 1 (TT1) 3.02 
Molybdenum Thru Tube 2 (TT2) 3.09 Molybdenum Thru Tube 2 (TT2) 2.51 

Molybdenum Thru Tube 3 (TT3) 3.10 Molybdenum Thru Tube 3 (TT3) 2.51 

TT1 Contents - 2 Nb Gas Lines 3.44 TT1 Contents - Nothing -- 
TT2 Contents - 1 T -N (1/16") -- TT2 Contents - Nothing -- 

-- -- 

-- -- 

-- -- 
-- -- 

T-N (1116'~ NicrosillNisil Wires 2.55 -- 
T-N (1116") MgO insulation 2.33 -- 
T-N (1116") Inconnel Sheath 2.55 -- 

TT3 Contents - 1 T -50 -- TT3 Contents - Nothing -- 
T-50 Mo Wires 3.24 -- 
T-50 Nb1Zr Wires 3.17 -- 
T -50 Hf02 insulation 4.59 -- 
T -50 Nb1 Zr Sheaths 3.06 -- 

* Includes Delayed Fission Product Gamma 
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Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 
Capsule Assembly Components (0 EFPDs) (continued) 

Neutron/ Neutron/ 

Capsule 2 Gamma Capsule 1 - bottom 
Gamma 

Heating Heating 
(W/a) (W/g) 

B4C Opening - Center -- 84C Opening - Center -- 
Nothing -- Nothing -- 

-- -- 

-- -- 

-- -- 

-- -- 
84C Opening - 1 -- 84C Opening - 1 -- 

T -50 Nb1 Zr Sheath 3.90 Nothing -- 
T-50 Hf02 Insulation 5.83 -- 
T-50 Mo Wires 4.12 -- 
T -50 Nb Wires 4.20 -- 
T -50 T a barrier 6.38 -- 

B4C Opening - 2 -- B4C Opening - 2 -- 
Nb Gas Line (Out) 3.53 Nb Gas Line (Out) 3.12 

B4C Opening - 3 -- B4C Opening - 3 -- 
T -N (1/16") Moly Sheath 2.50 T-N (1/16") Inconnel Sheath 2.24 
T -N (1/16") MgO Insulation 2.29 T-N (1/16") MgO Insulation 2.00 

T-N (1/16") Nicrosil/Nisil Wires 2.53 T -N (1/16") Nicrosil/Nisil Wires 2.19 

84C Opening - 4 -- B4C Opening - 4 -- 
T-50 Nb1Zr Sheath 3.07 T-50 Nb1Zr Sheath 2.69 
T -50 Hf02 Insulation 4.49 T-50 Hf02 Insulation 3.97 

T-50 Mo Wires 3.17 T-50 Mo Wires 2.91 

T-50 Nb Wires 2.92 T -50 Nb Wires 2.62 
T -50 T a barrier 4.71 T -50 T a barrier 5.51 

B4C Opening - 5 -- B4C Opening - 5 -- 
Nothing -- Nothing -- 

-- -- 

-- -- 
B4C Opening - 6 -- B4C Opening - 6 -- 

Nb Gas Line (In) 3.76 Nb Gas Line (In) 3.19 
* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 

Capsule Assembly Components (250 EFPDs) 

Neutron/ Neutron/ 

Capsule 6 - top 
Gamma Capsule 5 Gamma 
Heating Heating 

(W/g) (W/g) 

SS Capsule Top Head 2.70 SS Capsule Top Head 3.94 

Graphite/Grafoil Spacer Top 2.70 Graphite/Grafoil Spacer Top 3.77 

Graphite Holder (5.5% B4C)* -- Graphite Holder (7.0% B4C)* -- 

0.0" - 0.5" node (Top)* 8.57 0.0" - 1.0" node (Top)* 10.13 

0.5" - 1.0" node 
* 9.62 1.0" - 2.0" node* 11.35 

1.0" - 2.0" node 
* 10.16 2.0" - 3.5" node* 10.90 

2.0" to 4.0" (Bottom)* 11.95 3.5" - 4.0" nod e(Bottom)* 8.21 

Graphite/Grafoil Spacer Bottom 3.49 Graphite/Grafoil Spacer Bottom 4.24 

SS Capsule Bottom 3.78 SS Capsule Bottom 4.64 

SS Sleeve 3.49 SS Sleeve 4.58 

Hf Shroud* -- Hf Shroud* -- 

Position 1 (60 degree arc)* 11.85 Position 1 (60 degree arc)* 1 5.44 

Position 2 (60 degree arc)* 9.13 Position 2 (60 degree arc)* 11.94 

Position 4 (60 degree arc) * 10.38 Position 4 (60 degree arc)* 13.72 

Position 5 (60 degree arc)* 13.09 Position 5 (60 degree arc)* 17.01 

SS Shroud (120 degree arc) 2.84 SS Shroud (120 degree arc) 3.79 

Molybdenum Thru Tube 1 (TT1) 4.45 Molybdenum Thru Tube 1 (TT1) 5.75 

Molybdenum Thru Tube 2 (TT2) 3.67 Molybdenum Thru Tube 2 (TT2) 4.84 

Molybdenum Thru Tube 3 (TT3) 3.90 Molybdenum Thru Tube 3 (TT3) 5.12 

TT1 Contents - 10 Nb Gas Lines 3.42 TT1 Contents - 8 Nb Gas Lines 5.36 

TT2 Contents - 3 T -50's & 5 T -N's (1/16") -- TT2 Contents - 2 T -50's & 4 T -N's (1/16") -- 

T-50 Mo Wires 3.08 T-50 Mo Wires 5.08 

T-50 Nb1Zr Wires 3.12 T-50 Nb1Zr Wires 4.87 

T-50 Hf02 insulation 4.43 T-50 Hf02 insulation 6.98 

T-50 Nb1Zr Sheaths 3.14 T-50 Nb1Zr Sheaths 4.79 

T-N (1116'? NicrosillNisil Wires 2.68 T-N (1116'? NicrosillNisil Wires 4.16 

T-N (1116'? MgO insulation 2.37 T-N (1116'? MgO insulation 3.81 

T-N (1116'? Inconnel Sheath 2.72 T-N (1116'? Inconnel Sheath 4.12 

TT3 Contents - 6 T -50's -- TT3 Contents - 5 T -50's -- 

T-50 Mo Wires 3.25 T -50 Mo Wires 5.46 

T -50 Nb1 Zr Wires 3.32 T -50 Nb1 Zr Wires 5.30 

T -50 Hf02 insulation 4.58 T -50 Hf02 insulation 7.48 

T-50 Nb1Zr Sheaths 3.28 T -50 Nb1 Zr Sheaths 5.13 

* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated NeutronlGamma Heating Rates for AGR-1 

Capsule Assembly Components (250 EFPDs) 

Neutronl Neutronl 

Capsule 6 - top 
Gamma Capsule 5 Gamma 
Heating Heating 

(Wig) (Wig) 

B4C Opening - Center -- B4C Opening - Center -- 
T -50 Nb1 Zr Sheath 3.64 Nothing -- 

T -50 Hf02 Insulation 5.27 -- 

T -50 Mo Wires 3.28 -- 

T-50 Nb Wires 4.12 -- 

T -50 T a barrier 4.40 -- 

B4C Opening - 1 -- B4C Opening - 1 -- 

T-50 Nb1Zr Sheath 3.97 T-50 Nb1Zr Sheath 5.83 

T -50 Hf02 Insulation 5.81 T -50 Hf02 Insulation 8.56 

T -50 Mo Wires 3.88 T-50 Mo Wires 6.06 

T-50 Nb Wires 3.99 T-50 Nb Wires 5.94 

T-50 Ta barrier 7.95 T -50 T a barrier 12.13 

B4C Opening - 2 -- B4C Opening - 2 -- 

Nb Gas Line (Out) 4.39 Nb Gas Line (Out) 5.00 

B4C Opening - 3 -- B4C Opening - 3 -- 
T -N (3/32") Moly Sheath 2.86 T-N (1/16") Inconnel Sheath 3.69 

T -N (3/32") AI203 Insulation 2.17 T-N (1/16") MgO Insulation 3.38 

T-N (3/32") Nicrosil/Nisil Wires 2.36 T-N (1/16") Nicrosil/Nisil Wires 3.71 

B4C Opening - 4 -- B4C Opening - 4 -- 
T -N (3/32") -- 

T -50 Nb1 Zr Sheath 4.76 

T -N (3/32") Moly Sheath 3.09 T -50 Hf02 Insulation 6.99 

T-N (3/32") AI203 Insulation 2.41 T-50 Mo Wires 5.04 

T -N (3/32") Nicrosil/Nisil Wires 2.56 T-50 Nb Wires 5.26 

-- 
T -50 T a barrier 9.28 

B4C Opening - 5 -- B4C Opening - 5 -- 
T -N (3/32") Moly Sheath 3.49 Nothing -- 
T -N (3/32") AI203 Insulation 2.61 -- 
T -N (3/32") Nicrosil/Nisil Wires 3.03 -- 

B4C Opening - 6 -- B4C Opening - 6 -- 

Nb Gas Line (In) 3.22 Nb Gas Line (In) 5.90 

* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated NeutronlGamma Heating Rates for AGR-1 
Capsule Assembly Components (250 EFPDs) (continued) 

Neutronl Neutronl 

Capsule 4 Gamma Capsule 3 Gamma 
Heating Heating 

(WIg) (Wig) 

SS Capsule Top Head 4.64 SS Capsule Top Head 4.87 
Graphite/Grafoil Spacer Top 4.42 Graphite/Grafoil Spacer Top 4.67 

Graphite Holder (7.0% B4C)* -- Graphite Holder (7.0% B4C)* -- 
0.0" - 1.0" node (Top)* 8.70 0.0" - 1.0" node (Top)* 8.62 

1.0"- 2. 0" node 
* 10.13 1.0" - 2.0" node 

* 

10.14 

2.0" - 3.0" node* 10.19 2.0" - 3.0" node* 10.11 

3.0" - 4.0" node (Bottom)* 8.53 3.0" - 4.0" node (Bottom)* 8.32 
Graphite/Grafoil Spacer Bottom 4.51 Graphite/Grafoil Spacer Bottom 4.51 

SS Capsule Bottom 4.88 SS Capsule Bottom 4.87 

SS Sleeve 5.08 SS Sleeve 5.17 
Hf Shroud* -- Hf Shroud* -- 

Position 1 (60 degree arc)* 17.06 Position 1 (60 degree arc)* 17.54 
Position 2 (60 degree arc)* 13.11 Position 2 (60 degree arc) * 13.62 
Position 4 (60 degree arc) * 15.29 Position 4 (60 degree arc) * 15.67 
Position 5 (60 degree arc)* 18.78 Position 5 (60 degree arc)* 19.19 

SS Shroud (120 degree arc) 4.23 SS Shroud (120 degree arc) 4.28 

Molybdenum Thru Tube 1 (TT1) 6.47 Molybdenum Thru Tube 1 (TT1) 6.61 

Molybdenum Thru Tube 2 (TT2) 5.38 Molybdenum Thru Tube 2 (TT2) 5.52 
Molybdenum Thru Tube 3 (TT3) 5.77 Molybdenum Thru Tube 3 (TT3) 5.91 

TT1 Contents - 6 Nb Gas Lines 5.98 TT1 Contents - 4 Nb Gas Lines 6.20 

TT2 Contents - 2 T-50's & 3 T-N's (1/16") -- TT2 Contents - 2 T -50's & 4 T -N's (1/16") 
-- 

T-50 Mo WÙ"es 5.60 T-50 Mo Wires 5.78 
T-SO Nb1Zr Wires 5.62 T-SO Nb1Zr Wires 5.91 

T-SO Hf02 insulation 7.94 T-SO Hf02 insulation 8.16 
T-SO Nb1Zr Sheaths 5.32 T-SO Nb1Zr Sheaths 5.60 
T-N (1116'? NicrosillNisil Wires 4.63 T-N (1116'? Nicrosil/Nisil Wires 4.72 
T-N {1/16'? MgO insulation 4.28 T-N (1/16'? MgO insulation 4.30 

T-N (1/16'? Inconnel Sheath 4.60 T-N (1/16'? Inconnel Sheath 4.61 

TT3 Contents - 3 T-50's -- TT3 Contents - 5 T-50's -- 
T-50 Mo Wires 6.02 T -50 Mo Wires 6.14 
T-50 Nb1Zr Wires 6.04 T -50 Nb1 Zr Wires 6.23 

T-50 Hf02 insulation 8.51 T-50 Hf02 insulation 8.72 
T-50 Nb1Zr Sheaths 5.80 T-50 Nb1Zr Sheaths 5.96 

* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated NeutronlGamma Heating Rates for AGR-1 
Capsule Assembly Components (250 EFPDs) (continued) 

Neutronl Neutronl 

Capsule 4 Gamma Capsule 3 Gamma 
Heating Heating 

(WIg) (WIg) 

B4C Opening - Center -- B4C Opening - Center -- 
T -50 Nb1 Zr Sheath 6.20 Nothing -- 
T -50 Hf02 Insulation 8.93 -- 
T-50 Mo Wires 5.98 -- 
T -50 Nb Wires 6.10 -- 
T -50 T a barrier 9.73 -- 

B4C Opening - 1 -- B4C Opening - 1 -- 
Nothing -- 

T -50 Nb1 Zr Sheath 7.13 

-- 
T -50 Hf02 Insulation 10.35 

-- 
T -50 Mo Wires 6.95 

-- T-50 Nb Wires 7.39 

-- 
T -50 T a barrier 11.75 

B4C Opening - 2 -- B4C Opening - 2 -- 
Nb Gas Line (Out) 5.76 Nb Gas Line (Out) 6.01 

B4C Opening - 3 -- B4C Opening - 3 -- 
T-N (1/16") Moly Sheath 4.30 T-N (1/16") Inconnel Sheath 4.52 

T-N (1/16") MgO Insulation 3.88 T-N (1/16") MgO Insulation 4.05 
T -N (1/16") Nicrosil/Nisil Wires 4.22 T-N (1/16") Nicrosil/Nisil Wires 4.58 

B4C Opening - 4 -- B4C Opening - 4 -- 
T -50 Nb1 Zr Sheath 5.52 T -50 Nb1 Zr Sheath 5.87 
T -50 Hf02 Insulation 8.06 T -50 Hf02 Insulation 8.70 
T -50 Mo Wires 5.74 T-50 Mo Wires 5.96 
T -50 Nb Wires 5.28 T-50 Nb Wires 6.11 
T -50 T a barrier 10.89 T -50 T a barrier 14.02 

B4C Opening - 5 -- B4C Opening - 5 -- 
Nothing -- Nothing -- 

-- -- 

-- -- 
B4C Opening - 6 -- B4C Opening - 6 -- 

Nb Gas Line (In) 6.59 Nb Gas Line (In) -- 
* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 

Capsule Assembly Components (250 EFPDs) (continued) 

Neutronl Neutronl 

Capsule 2 Gamma Capsule 1 - bottom 
Gamma 

Heating Heating 
(WIg) (WIg) 

SS Capsule Top Head 4.79 SS Capsule Top Head 4.22 

Graphite/Grafoil Spacer Top 4.47 Graphite/Grafoil Spacer Top 3.82 

Graphite Holder (7.0% B4C)* -- Graphite Holder (5.5% B4C)* -- 
0.0" - 1.0" node (Top)* 8.47 0.0" - 1.0" node (Top)* 7.49 

1.0" - 2.0" node 
* 10.40 1.0" - 2.0" node* 8.84 

2.0" - 3.0" node* 10.69 2.0" - 4.0" node (Bottom)* 8.83 

3.0" - 4.0" node (Bottom)* 9.06 -- 

Graphite/Grafoil Spacer Bottom 4.08 Graphite/Grafoil Spacer Bottom 3.10 

SS Capsule Bottom 4.34 SS Capsule Bottom 3.25 

SS Sleeve 4.85 SS Sleeve 3.97 

Hf Shroud* -- Hf Shroud* -- 
Position 1 (60 degree arc)* 16.48 Position 1 (60 degree arc)* 13.39 

Position 2 (60 degree arc)* 12.78 Position 2 (60 degree arc)* 10.48 

Position 4 (60 degree arc)* 14.81 Position 4 (60 degree are) 
* 12.03 

Position 5 (60 degree arc)* 18.07 Position 5 (60 degree arc)* 14.84 

SS Shroud (120 degree arc) 4.03 SS Shroud (120 degree arc) 3.26 

Molybdenum Thru Tube 1 (TT1) 6.25 Molybdenum Thru Tube 1 (TT1) 5.17 

Molybdenum Thru Tube 2 (TT2) 5.18 Molybdenum Thru Tube 2 (TT2) 4.24 

Molybdenum Thru Tube 3 (TT3) 5.52 Molybdenum Thru Tube 3 (TT3) 4.48 

TT1 Contents - 2 Nb Gas Lines 5.97 TT1 Contents - Nothing -- 

TT2 Contents - 1 T -N (1/16") -- TT2 Contents - Nothing -- 

-- -- 

-- -- 

-- -- 

-- -- 
T-N (1/16'? Nicrosil/Nisil Wires 4.35 -- 
T-N (1/16'? MgO insulation 4.07 -- 
T-N (1/16'? Inconnel Sheath 4.31 -- 

TT3 Contents - 1 T -50 -- TT3 Contents - Nothing -- 
T -50 Mo Wires 5.96 -- 
T -50 Nb1 Zr Wires 5.87 -- 
T -50 Hf02 insulation 8.30 -- 
T -50 Nb1 Zr Sheaths 5.54 -- 

* Includes Delayed Fission Product Gamma 
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Table 30. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1 
Capsule Assembly Components (250 EFPDs) (continued) 

Neutron/ Neutron/ 

Capsule 2 Gamma Capsule 1 - bottom Gamma 
Heating Heating 

(W/a) (W/g) 

B4C Opening - Center -- B4C Opening - Center -- 
Nothing -- Nothing -- 

-- -- 

-- -- 

-- -- 

-- -- 
B4C Opening - 1 -- B4C Opening - 1 -- 

T-50 Nb1Zr Sheath 6.80 Nothing -- 
T-50 Hf02 Insulation 9.85 -- 
T-50 Mo Wires 6.77 -- 
T-50 Nb Wires 6.76 -- 
T -50 T a barrier 11.81 -- 

B4C Opening - 2 -- B4C Opening - 2 -- 
Nb Gas Line (Out) 5.71 Nb Gas Line (Out) 5.23 

B4C Opening - 3 -- B4C Opening - 3 -- 
T-N (1/16") Moly Sheath 4.49 T-N (1/16") Inconnel Sheath 3.69 

T-N (1/16") MgO Insulation 4.03 T-N (1/16") MgO Insulation 3.38 

T-N (1/16") Nicrosil/Nisil Wires 4.69 T-N (1/16") Nicrosil/Nisil Wires 3.79 

B4C Opening - 4 -- B4C Opening - 4 -- 
T -50 Nb1 Zr Sheath 5.48 T-50 Nb1Zr Sheath 4.92 
T-50 Hf02 Insulation 7.99 T -50 Hf02 Insulation 7.11 
T -50 Mo Wires 5.59 T -50 Mo Wires 4.71 

T-50 Nb Wires 5.68 T-50 Nb Wires 4.99 
T -50 T a barrier 7.19 T -50 T a barrier 10.70 

B4C Opening - 5 -- B4C Opening - 5 -- 
Nothing -- Nothing -- 

-- -- 

-- -- 
B4C Opening - 6 -- B4C Opening - 6 -- 

Nb Gas Line (In) 6.37 Nb Gas Line (In) 5.32 
* Includes Delayed Fission Product Gamma 
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Table 31. Maximum MCNP-Calculated Neutron/Gamma Heating Rates for 
AGR-1 Capsule Assembly Components (0 EFPDs) 

Maximum 
MCNP-Calculated 
Neutron/Gamma 

Heating Rates 
AGR-1 Component (W/g) 

SS Capsule Top Head 2.84 
Graphite/Grafoil Spacer Top 2.74 
Graphite Holder 

(5.5% B4C) 17.22 
(7.0% B4C) 22.33 

Graphite/Grafoil Spacer Bottom 2.67 

SS Capsule Bottom 2.85 

SS Sleeve 3.01 

Hf Shroud 
Position 1 (60 degree arc) 11.20 
Position 2 (60 degree arc) 8.81 

Position 4 (60 degree arc) 8.74 
Position 5 (60 degree arc) 11.31 

SS Shroud (120 degree arc) 2.41 

Molybdenum TT1 3.92 
Molybdenum TT2 3.31 

Molybdenum TT3 3.27 

Type-N TC (3/32") 

T -N (3/32") Moly Sheath 2.03 

T-N (3/32") AI203 Insulation 1.58 

T-N (3/32") Nicrosil/Nisil Wires 1.78 

Type-N TC (1/16") 

T-N (1/16") Inconnel Sheath 2.62 
T-N (1/16") MgO Insulation 2.35 

T-N (1/16") Nicrosil/Nisil Wires 2.73 

INL TC 
T-50 Nb1Zr Sheath 4.21 

T-50 Hf02 Insulation 6.17 
T-50 Mo Wires 4.27 
T -50 Nb Wires 4.20 
T -50 T a barrier 7.21 

Nb Gas Lines 4.03 

Page 51 of 131 
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Table 32. Maximum MCNP-Calculated Neutron/Gamma Heating Rates for 
AGR-1 Capsule Assembly Components (250 EFPDs) 

Maximum 
MCNP-Calculated 
Neutron/Gamma 

Heating Rates 
AGR-1 Component (W/g) 

SS Capsule Top Head 4.87 
Graphite/Grafoil Spacer Top 4.67 
Graphite Holder 

(5.5% B4C) 11.95 
(7.0% B4C) 11.35 

Graphite/Grafoil Spacer Bottom 4.51 

SS Capsule Bottom 4.88 
SS Sleeve 5.17 
Hf Shroud 

Position 1 (60 degree arc) 17.54 
Position 2 (60 degree arc) 13.62 
Position 4 (60 degree arc) 15.67 
Position 5 (60 degree arc) 19.19 

SS Shroud (120 degree arc) 4.28 
Molybdenum TT1 6.61 
Molybdenum TT2 5.52 
Molybdenum TT3 5.91 

Type-N TC (3/32") 
T -N (3/32") Moly Sheath 3.49 
T -N (3/32") AI203 Insulation 2.61 

T-N (3/32") Nicrosil/Nisil Wires 3.03 

Type-N TC (1/16") 

T-N (1/16") Inconnel Sheath 4.52 
T-N (1/16") MgO Insulation 4.05 
T-N (1/16") Nicrosil/Nisil Wires 4.69 

INL TC 
T-50 Nb1Zr Sheath 7.13 
T -50 Hf02 Insulation 10.35 
T -50 Mo Wires 6.95 
T -50 Nb Wires 7.39 
T -50 T a barrier 14.02 

Nb Gas Lines 6.67 

Page 52 of 131 
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Table 33. MCNP Calculated Density for AGR-1 Capsule Assembly Components (0 EFPDs) 

MCNP 
Calculated 

Density 
AGR-1 Component (glee) Applicability 

SS Capsule Top Head 8.09551 All Capsules 

Graphite/Grafoil Spacer Top 0.950378 All Capsules 

Graphite Holder -- 
(5.5% B4C) 1.77021 (Capsules 6, 1) 

(7.0% B4C) 1.77861 (Capsules 5, 4, 3, 2) 

Graphite/Grafoil Spacer Bottom 1.01533 All Capsules 

SS Capsule Bottom 8.09551 All Capsules 

SS Sleeve 8.09551 All Capsules 

Hf Shroud -- 
Position 1 (60 degree arc) 12.8143 (Capsules 6,5,4) 
Position 2 (60 degree arc) 12.8143 (Capsules 6,5,4) 
Position 4 (60 degree arc) 12.8143 (Capsules 6,5,4) 
Position 5 (60 degree arc) 12.8143 (Capsules 6,5,4) 
Position 1 (60 degree arc) 12.2609 (Capsules 3, 2, 1) 

Position 2 (60 degree arc) 12.2609 (Capsules 3, 2, 1) 

Position 4 (60 degree arc) 12.2609 (Capsules 3, 2, 1) 

Position 5 (60 degree arc) 12.2609 (Capsules 3, 2, 1) 

SS Shroud (120 degree arc) 8.09551 All Capsules 

Molybdenum TT1 10.139 All Capsules 
Molybdenum TT2 10.139 All Capsules 
Molybdenum TT3 10.139 All Capsules 

Type-N TC (3/32") -- 
T -N (3/32") Moly Sheath 10.1392 All Capsules 

T-N (3/32") AI203 Insulation 3.88953 All Capsules 
T -N (3/32") Nicrosil/Nisil Wires 8.52514 All Capsules 

Type-N TC (1/16") -- 
T-N (1/16") Inconnel Sheath 8.47016 All Capsules 

T-N (1/16") MgO Insulation 3.29969 All Capsules 

T-N (1/16") Nicrosil/Nisil Wires 8.52514 All Capsules 
INL TC -- 

T-50 Nb1Zr Sheath 8.58074 All Capsules 
T-50 Hf02 Insulation 9.04968 All Capsules 
T-50 Mo Wires 1 0.1 392 All Capsules 

T-50 Nb Wires 8.57014 All Capsules 
T -50 T a barrier 16.6543 All Capsules 

Nb Gas Lines 8.56994 All Capsules 

He 0.0008304 All Capsules 

Water 0.99819 All Capsules 
SS Capsule Body 8.09551 All Capsules 
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8.2 Reactivity Perturbation 

Evaluations were performed to verify that the AGR-1 capsule assembly could be replaced by the standard 

aluminum dummy without exceeding the core reactivity perturbation limit of 0.50$ [ATR UFSAR, SAR-153, 

Chapter 15.4.5]. 

Using the validated ATR full core model (see Attachment J), a number of MCNP calculations were performed 

to support safety evaluations of reactivity variations within the ATR B-10 position for the AGR-1 assembly. 

For the reference case, an AI-dummy in the B-10 position, MCNP calculated Keff to be 1.00194(:t0.00018). 

For case-A, beginning of AGR-1 irradiation (0 EFPDs), case-B, projected peak fission density (250 EFPDs), 

and case-C, projected peak fission density (250 EFPDs) with He-3 replacing He-4 within the capsule 

assembly, MCNP calculated the final Keff to be 1.00169 (:to.00018), 1.00194 (:to.00018), and 1.00162 

(:to.00017), respectively. The reactivity worth in dollars was calculated using the given equation and value for 

ß (the delayed neutron fraction ß = 0.0075 [5]). 

p$ = 
fn[KcaseA,B,orc JI ß 

K 
Re ference Case 

Table 35. MCNP-Calculated Keff for AGR-1 Experiment Assembly 

Aluminum Relative 
Keff Keff E rro r Reactivity Worth 

Case Description (0") ($) 

Actual ATR Critical Condition 1.000000 -- -- 

Reference Case - AI dummy in B-10 1.001940 :to.00018 0.0000 :to.048 

Case-A (AGR-1 in B-10, 0 EFPDs) 1.001690 :to.00018 -0.0333 :to.048 

Case-B (AGR-1 in B-10, 250 EFPDs) 1.001940 :to.00017 0.0000 :to.045 

Case-C (AGR-1 in B-10, 250 EFPDs w/He-3) 1.001620 :to.00018 -0.0426 :to.048 

The calculated reactivity worth (p$) for case-A is -0.033$, case-B is 0.000$, and case-C is -0.043$. Using the 

calculated error band (0.00018), the calculated AGR-1 experiment reactivity insertion (P2cr$) within a 95% 

confidence level (20") relative to ATR actual critical conditions (1.0000) was calculated as follows. 

P+2a$ = 
fn(1.0000+2XO.00018)/0.0075 

= 0.048$ 
1.0000 

P-2a$ 
= 

fn(1.0000-2XO.00018)/0.0075 
=-0.048$ 

1.0000 
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-0.033$ ::!:0.048$ (0 EFPDs), 

0.000$ ::!:0.045$ (250 EFPDs), and 

-0.043$ ::!:0.048$ (250 EFPDs w/He-3 replacint He-4 in the capsule assembly. 

These reactivity changes are much less than the 0.50$ step insertion limit defined in the ATR UFSAR [SAR- 

153, Chapter 15.4.5], thus, an aluminum dummy is an acceptable backup for the AGR-1 capsule assembly. 

8.3 Projected Fuel Compact Fission Power Density and Fuel Burnup 

The MCWO-calculated projected fuel fission power density (W/cm3) and burnup (% FIMA and GWd/t) were 

evaluated from 0 EFPDs to 800 EFPDs for nominal MOC operating conditions (OSCC positions at 

96.00- 84.80- 82.10- 85.50 for NE-NW-SE-SW, respectively). The MCWO-calculated results are plotted in 

Figure 11 through Figure 16. The numerical data for 0 EFPDs through 800 EFPDs is tabulated in Table 36 

through Table 42. 

The AGR-1 fuel compact projected peak fuel fission power density of 132.39 W/cm3 occurred in capsule 3, 

stack-1, third fuel compact from the top (node-29 of stack-1, facing core center towards NW) at 250 EFPDs. 

The AGR-1 fuel compact projected burnup reaches 22.37% FIMA (214.75 GWd/t) in capsule 3, stack-1, top 

fuel compact of capsule stack (node-25 of stack-1, facing core center towards NW) at 800 EFPDs. 

8.4 Projected Fuel Compact Fast Flux and Fast Fluence 

The AGR program requires a minimum fast neutron fluence (E > 0.18 MeV) of greater than 1.5x1 
025 n/m2 

(1.5x1021 n/cm2) and a maximum fast neutron fluence of less than 5.0x1025 n/m2 (5.0x1021 n/cm2) [9]. The 

fast neutron fluence minimum and maximum requirements within the AGR-1 fuel compacts were evaluated 

using MCNP. The MCNP-calculated projected fast neutron fluence (E > 0.18 MeV) versus EFPDs are plotted 

in Figure 17 through Figure 19. The numerical data for fast neutron flux and fast neutron fluence are 

tabulated in Table 43 through Table 47. 

The minimum fast neutron fluence requirement of greater than 1.5x1025 n/m2 for all AGR-1 fuel compacts was 

determined to happen after 450 EFPDs. The last fuel compact to exceed the minimum is projected to occur 

in capsule 6, stack-2, top fuel compact of capsule stack (node 97 of stack-2, facing away from core center 

and towards E), at 450 EFPDs with a value of 1.533x1 025 n/m2 (1.533x1 021 n/cm2). 

The maximum fast neutron fluence requirement of 5.0x1 
025 n/m2 (5.0x1021 n/cm2) is projected to occur after 

750 EFPDs of irradiation. At 800 EFPDs, multiple fuel compacts in capsule 3 and capsule 4 will exceed 

5.0x1025 n/m2. 
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Table 36. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(0-75 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 0 EFPDs 25 EFPDs 50 EFPDs 75 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Density. Burnup Density. Burnup Density. Burnup Density. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA' 

Stack-1 
Node-1 16.25 57.04 0.00 59.00 0.49 61.03 1.01 63.40 1.54 

Node-2 15.75 45.11 0.00 47.21 0.39 50.26 0.80 53.15 1.24 

Node-3 15.25 44.71 0.00 47.23 0.39 49.70 0.80 52.76 1.23 

Node-4 14.75 44.19 0.00 46.64 0.38 49.52 0.79 52.55 1.22 

Node-5 14.50 42.59 0.00 46.02 0.37 49.45 0.77 52.72 1.20 

Node-6 14.25 42.28 0.00 44.85 0.37 48.61 0.76 52.20 1.18 

Node-7 13.75 47.28 0.00 50.30 0.41 54.18 0.85 57.14 1.32 

Node-8 13.25 67.17 0.00 69.44 0.58 72.17 1.19 73.74 1.81 

Node-9 10.25 72.20 0.00 75.36 0.63 79.82 1.28 83.81 1.97 

Node-10 9.75 54.96 0.00 58.66 0.48 64.09 0.99 70.01 1.54 

Node-11 9.25 54.81 0.00 59.05 0.48 63.66 0.99 69.07 1.54 

Node-12 8.75 54.33 0.00 59.04 0.47 64.66 0.98 69.99 1.54 

Node-13 8.50 53.74 0.00 58.29 0.47 64.07 0.97 68.89 1.53 

Node-14 8.25 57.30 0.00 61.54 0.50 67.37 1.03 73.02 1.62 

Node-15 7.75 61.85 0.00 66.26 0.54 71.82 1.11 78.06 1.74 

Node-16 7.25 84.21 0.00 88.89 0.73 93.86 1.50 98.94 2.32 

Node-17 4.25 85.04 0.00 89.83 0.74 95.30 1.52 100.79 2.34 

Node-1 8 3.75 63.61 0.00 69.12 0.55 76.24 1.15 83.85 1.81 

Node-19 3.25 61.31 0.00 66.31 0.53 73.64 1.11 79.57 1.75 

Node-20 2.75 61.20 0.00 66.88 0.53 73.63 1.11 81.09 1.75 

Node-21 2.50 59.54 0.00 64.74 0.52 72.11 1.08 78.78 1.70 

Node-22 2.25 62.39 0.00 68.64 0.54 75.88 1.14 81.92 1.80 

Node-23 1.75 66.41 0.00 72.84 0.58 80.35 1.21 88.26 1.91 

Node-24 1.25 88.17 0.00 92.38 0.77 97.63 1.57 102.42 2.41 

Node-25 -1.75 87.71 0.00 92.74 0.76 97.94 1.57 104.83 2.42 

Node-26 -2.25 68.41 0.00 74.54 0.59 82.49 1.24 90.56 1.96 

Node-27 -2.75 64.13 0.00 69.54 0.56 76.13 1.16 82.47 1.82 

Node-28 -3.25 61.74 0.00 66.92 0.54 73.32 1.12 80.91 1.75 

Node-29 -3.50 60.74 0.00 66.12 0.53 72.93 1.10 80.36 1.73 

Node-3D -3.75 62.82 0.00 68.03 0.55 74.90 1.14 82.67 1.79 

Node-31 -4.25 66.90 0.00 73.10 0.58 81.60 1.21 89.66 1.92 

Node-32 -4.75 89.56 0.00 94.29 0.78 99.91 1.60 104.77 2.46 

Node-33 -7.75 87.05 0.00 90.23 0.76 96.52 1.54 100.82 2.38 

Node-34 -8.25 64.59 0.00 71.23 0.56 77.34 1.18 85.06 1.85 

Node-35 -8.75 62.75 0.00 68.29 0.54 74.47 1.14 81.87 1.78 

Node-36 -9.25 60.39 0.00 66.16 0.52 72.11 1.10 77.80 1.72 

Node-37 -9.50 58.10 0.00 63.22 0.50 68.59 1.05 74.26 1.65 

Node-38 -9.75 59.64 0.00 64.81 0.52 70.87 1.08 77.44 1.69 

Node-39 -10.25 62.99 0.00 68.75 0.55 75.01 1.14 82.11 1.79 

Node-40 -10.75 78.86 0.00 83.48 0.68 89.01 1.41 93.85 2.18 

Node-41 -13.75 82.92 0.00 87.08 0.72 91.77 1.48 95.51 2.27 

Node-42 -14.25 63.12 0.00 67.33 0.55 72.63 1.13 78.72 1.76 

Node-43 -14.75 58.66 0.00 62.50 0.51 67.76 1.05 72.36 1.64 

Node-44 -15.25 55.82 0.00 59.16 0.48 64.39 1.00 69.05 1.56 

Node-45 -15.50 54.30 0.00 57.91 0.47 63.18 0.97 67.87 1.52 

Node-46 -15.75 54.32 0.00 57.92 0.47 62.34 0.97 67.02 1.51 

Node-47 -16.25 55.27 0.00 58.82 0.48 62.64 0.99 66.63 1.53 

Node-48 -16.75 68.55 0.00 71.30 0.59 74.74 1.21 77.18 1.86 

Note: 1) All table values have a relative uncertainty band of 1 cr = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 36. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(0-75 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 0 EFPDs 25 EFPDs 50 EFPDs 75 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ') (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 53.56 0.00 55.86 0.46 58.78 0.95 60.80 1.46 

Node-50 15.75 44.91 0.00 47.40 0.39 50.05 0.80 52.72 1.24 

Node-51 15.25 43.47 0.00 45.95 0.38 48.97 0.78 52.09 1.20 

Node-52 14.75 42.78 0.00 45.31 0.37 48.48 0.76 51.16 1.19 

Node-53 14.50 39.65 0.00 42.42 0.34 45.88 0.71 48.51 1.11 

Node-54 14.25 40.26 0.00 43.33 0.35 46.84 0.73 50.51 1.13 

Node-55 13.75 44.96 0.00 48.38 0.39 51.58 0.81 55.08 1.26 

Node-56 13.25 63.47 0.00 66.16 0.55 69.09 1.12 71.41 1.72 

Node-57 10.25 68.43 0.00 71.13 0.59 74.95 1.21 78.65 1.86 

Node-58 9.75 53.47 0.00 57.89 0.46 63.09 0.97 68.30 1.51 

Node-59 9.25 50.62 0.00 54.39 0.44 59.14 0.91 64.72 1.42 

Node-60 8.75 50.18 0.00 55.10 0.44 60.10 0.91 65.30 1.44 

Node-61 8.50 49.89 0.00 54.46 0.43 59.44 0.91 65.19 1.42 

Node-62 8.25 53.25 0.00 57.74 0.46 62.53 0.96 68.06 1.51 

Node-63 7.75 56.11 0.00 60.97 0.49 66.93 1.02 73.79 1.60 

Node-64 7.25 75.84 0.00 79.95 0.66 85.44 1.35 90.15 2.09 

Node-65 4.25 80.87 0.00 84.95 0.70 89.87 1.44 94.88 2.22 

Node-66 3.75 59.98 0.00 65.51 0.52 72.90 1.09 79.87 1.72 

Node-67 3.25 55.78 0.00 60.89 0.48 68.62 1.01 76.11 1.61 

Node-68 2.75 55.14 0.00 60.12 0.48 65.94 1.00 72.49 1.57 

Node-69 2.50 55.57 0.00 60.45 0.48 66.85 1.01 73.25 1.59 

Node-70 2.25 57.10 0.00 62.55 0.50 68.23 1.04 74.88 1.63 

Node-71 1.75 62.11 0.00 66.95 0.54 74.05 1.12 81.46 1.76 

Node-72 1.25 83.39 0.00 87.20 0.72 93.46 1.48 98.46 2.29 

Node-73 -1.75 83.21 0.00 88.02 0.72 94.98 1.49 100.52 2.31 

Node-74 -2.25 60.20 0.00 66.37 0.52 74.90 1.10 82.79 1.75 

Node-75 -2.75 59.71 0.00 64.96 0.52 71.45 1.08 77.57 1.70 

Node-76 -3.25 56.48 0.00 61.93 0.49 68.20 1.03 75.28 1.62 

Node-77 -3.50 56.26 0.00 61.80 0.49 68.96 1.02 74.59 1.62 

Node-78 -3.75 59.71 0.00 64.75 0.52 72.02 1.08 78.26 1.71 

Node-79 -4.25 62.50 0.00 68.77 0.54 76.45 1.14 84.26 1.80 

Node-80 -4.75 82.30 0.00 86.18 0.71 92.38 1.46 97.69 2.26 

Node-81 -7.75 80.66 0.00 86.67 0.70 93.01 1.45 98.62 2.26 

Node-82 -8.25 61.26 0.00 67.28 0.53 74.52 1.12 82.50 1.76 

Node-83 -8.75 57.53 0.00 62.67 0.50 68.33 1.04 74.84 1.64 

Node-84 -9.25 54.22 0.00 58.83 0.47 64.77 0.98 70.80 1.54 

Node-85 -9.50 53.71 0.00 58.07 0.47 64.42 0.97 69.79 1.53 

Node-86 -9.75 53.93 0.00 58.55 0.47 63.64 0.98 69.48 1.53 

Node-87 -10.25 55.70 0.00 60.86 0.48 66.97 1.01 73.33 1.59 

Node-88 -10.75 75.70 0.00 80.11 0.66 84.49 1.35 89.70 2.09 

Node-89 -13.75 77.71 0.00 81.64 0.67 85.93 1.38 89.50 2.13 

Node-90 -14.25 58.71 0.00 63.98 0.51 69.55 1.06 75.61 1.67 

Node-91 -14.75 54.67 0.00 58.91 0.47 63.81 0.99 68.35 1.54 

Node-92 -15.25 52.88 0.00 56.72 0.46 61.00 0.95 65.98 1.48 

Node-93 -15.50 52.45 0.00 55.91 0.46 59.55 0.94 63.79 1.46 

Node-94 -15.75 50.73 0.00 53.84 0.44 57.87 0.91 62.08 1.41 

Node-95 -16.25 53.10 0.00 56.29 0.46 60.85 0.95 64.50 1.48 

Node-96 -16.75 67.49 0.00 69.61 0.59 72.21 1.19 74.54 1.82 

Note: 1) All table values have a relative uncertainty band of 10" = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 36. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(0-75 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 0 EFPDs 25 EFPDs 50 EFPDs 75 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 

NodelD core center Density, Burnup Density, Burnup Density, Burnup Density, Burnup 
(in) (W/cm) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-2 
Node-97 16.25 35.39 0.00 37.64 0.31 40.34 0.63 42.49 0.98 

Node-98 15.75 25.10 0.00 27.30 0.22 30.15 0.45 33.09 0.72 

Node-99 15.25 23.50 0.00 25.50 0.20 28.08 0.43 30.36 0.67 

Node-1 00 14.75 23.71 0.00 25.55 0.21 28.20 0.43 30.76 0.67 

Node-101 14.50 22.15 0.00 24.65 0.19 27.58 0.41 30.80 0.65 

Node-102 14.25 21.94 0.00 24.37 0.19 26.99 0.40 30.27 0.64 

Node-103 13.75 24.98 0.00 26.97 0.22 29.95 0.45 32.96 0.71 

Node-1 04 13.25 37.86 0.00 39.75 0.33 43.04 0.67 45.35 1.05 

Node-105 10.25 43.29 0.00 46.47 0.38 50.39 0.78 54.91 1.22 

Node-106 9.75 28.81 0.00 32.33 0.25 35.73 0.53 40.54 0.84 

Node-107 9.25 27.05 0.00 30.68 0.23 34.67 0.50 39.06 0.80 

Node-108 8.75 26.94 0.00 30.21 0.23 34.53 0.50 39.51 0.80 

Node-109 8.50 27.25 0.00 30.22 0.24 34.70 0.50 39.81 0.80 

Node-110 8.25 27.51 0.00 30.72 0.24 34.77 0.51 40.31 0.81 

Node-111 7.75 29.91 0.00 33.40 0.26 38.03 0.55 43.71 0.88 

Node-112 7.25 48.57 0.00 52.70 0.42 58.16 0.88 63.94 1.38 

Node-113 4.25 52.05 0.00 56.05 0.45 61.66 0.94 67.80 1.47 

Node-114 3.75 32.64 0.00 37.40 0.28 43.61 0.61 50.21 0.99 

Node-115 3.25 30.64 0.00 35.00 0.27 40.40 0.57 46.83 0.92 

Node-116 2.75 30.68 0.00 34.70 0.27 40.49 0.57 46.25 0.92 

Node-117 2.50 29.43 0.00 33.18 0.26 38.70 0.54 44.75 0.88 

Node-118 2.25 30.69 0.00 34.43 0.27 40.20 0.57 45.96 0.91 

Node-119 1.75 34.12 0.00 38.73 0.30 45.10 0.63 53.07 1.02 

Node-120 1.25 52.54 0.00 56.97 0.46 62.77 0.95 68.53 1.49 

Node-121 -1.75 53.32 0.00 57.99 0.46 63.52 0.97 69.72 1.52 

Node-122 -2.25 34.49 0.00 38.99 0.30 45.12 0.64 51.44 1.03 

Node-123 -2.75 31.63 0.00 35.77 0.27 40.88 0.58 47.27 0.94 

Node-124 -3.25 30.42 0.00 34.18 0.26 39.50 0.56 46.12 0.90 

Node-125 -3.50 29.68 0.00 33.31 0.26 38.90 0.55 45.80 0.88 

Node-126 -3.75 30.41 0.00 34.37 0.26 39.70 0.56 46.57 0.91 

Node-127 -4.25 34.57 0.00 39.42 0.30 45.93 0.64 53.28 1.04 

Node-128 -4.75 53.05 0.00 57.44 0.46 63.35 0.96 69.77 1.51 

Node-129 -7.75 52.30 0.00 57.15 0.45 62.68 0.95 68.42 1.49 

Node-130 -8.25 34.75 0.00 39.17 0.30 45.34 0.64 52.18 1.03 

Node-131 -8.75 30.54 0.00 34.34 0.26 39.56 0.56 46.32 0.91 

Node-132 -9.25 29.72 0.00 33.68 0.26 37.98 0.55 43.98 0.88 

Node-133 -9.50 27.96 0.00 31.78 0.24 36.11 0.52 41.82 0.83 

Node-134 -9.75 28.65 0.00 31.72 0.25 36.36 0.52 41.48 0.84 

Node-135 -10.25 31.59 0.00 35.49 0.27 41.06 0.58 46.97 0.94 

Node-136 -10.75 48.90 0.00 51.87 0.42 57.20 0.87 61.98 1.37 

Node-137 -13.75 53.75 0.00 57.16 0.47 62.00 0.96 66.85 1.50 

Node-138 -14.25 34.79 0.00 39.03 0.30 43.76 0.64 49.07 1.02 

Node-139 -14.75 31.96 0.00 35.40 0.28 39.24 0.58 44.01 0.93 

Node-140 -15.25 28.89 0.00 32.18 0.25 36.38 0.53 41.84 0.85 

Node-141 -15.50 28.51 0.00 31.68 0.25 35.85 0.52 40.40 0.83 

Node-142 -15.75 29.15 0.00 32.26 0.25 35.95 0.53 40.26 0.84 

Node-143 -16.25 31.43 0.00 34.63 0.27 39.35 0.57 43.73 0.91 

Node-144 -16.75 42.77 0.00 45.55 0.37 48.83 0.77 51.56 1.19 

Note: 1) All table values have a relative uncertainty band of 1 (j" 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 37. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(100-175 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 100 EFPDs 125 EFPDs 150 EFPDs 175 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 

NodelD core center Densit}: Burnup Densit}: Burnup Densit}: Burnup Densit}: Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 65.48 2.09 67.28 2.65 69.74 3.24 70.77 3.84 

Node-2 15.75 57.02 1.70 59.76 2.19 63.04 2.71 65.31 3.26 

Node-3 15.25 56.11 1.69 59.31 2.17 63.41 2.69 66.30 3.24 

Node-4 14.75 56.24 1.67 58.91 2.16 63.24 2.67 66.18 3.22 

Node-5 14.50 56.62 1.66 59.99 2.15 64.83 2.67 69.13 3.23 

Node-6 14.25 56.04 1.63 59.71 2.12 65.48 2.64 70.25 3.20 

Node-7 13.75 61.40 1.81 65.50 2.35 70.69 2.91 74.42 3.53 

Node-8 13.25 76.71 2.45 78.43 3.12 81.72 3.80 83.56 4.51 

Node-9 10.25 88.03 2.70 92.00 3.46 96.69 4.26 1 00.45 5.10 

Node-1 0 9.75 76.05 2.15 82.60 2.81 89.89 3.53 95.27 4.31 

Node-11 9.25 75.64 2.14 81.85 2.80 89.09 3.51 96.03 4.28 

Node-12 8.75 77.26 2.15 83.26 2.82 90.96 3.55 97.13 4.33 

Node-13 8.50 76.46 2.13 82.26 2.79 91.05 3.50 97.26 4.29 

Node-14 8.25 79.99 2.25 85.74 2.94 94.14 3.69 100.46 4.50 

Node-15 7.75 86.09 2.41 92.62 3.16 101.03 3.96 107.80 4.84 

Node-16 7.25 105.78 3.18 110.24 4.09 114.54 5.05 117.29 6.04 

Node-17 4.25 107.64 3.22 112.84 4.15 118.60 5.13 122.23 6.16 

Node-18 3.75 93.82 2.54 103.32 3.36 112.15 4.25 119.31 5.23 

Node-19 3.25 87.95 2.44 95.62 3.20 104.13 4.03 112.58 4.93 

Node-20 2.75 89.02 2.45 96.93 3.23 105.29 4.07 115.54 4.98 

Node-21 2.50 87.69 2.39 95.34 3.15 106.43 3.98 115.44 4.90 

Node-22 2.25 90.93 2.51 98.93 3.30 107.80 4.15 115.12 5.09 

Node-23 1.75 96.78 2.67 104.92 3.51 113.83 4.42 119.68 5.41 

Node-24 1.25 109.32 3.30 113.89 4.25 121.13 5.24 124.90 6.29 

Node-25 -1.75 111.69 3.33 116.79 4.29 123.77 5.31 127.45 6.38 

Node-26 -2.25 99.11 2.74 106.67 3.60 115.94 4.53 122.42 5.53 

Node-27 -2.75 91.41 2.54 100.52 3.33 108.73 4.20 116.54 5.15 

Node-28 -3.25 89.26 2.46 97.20 3.23 106.75 4.07 115.65 5.00 

Node-29 -3.50 89.70 2.43 97.68 3.21 108.68 4.06 117.13 5.00 

Node-30 -3.75 90.94 2.50 100.25 3.29 110.67 4.16 118.95 5.12 

Node-31 -4.25 98.59 2.70 108.41 3.56 115.06 4.50 122.77 5.50 

Node-32 -4.75 112.38 3.37 116.89 4.35 121.98 5.36 124.33 6.42 

Node-33 -7.75 107.87 3.25 112.85 4.19 118.53 5.17 120.86 6.20 

Node-34 -8.25 93.26 2.59 101.44 3.40 111.11 4.28 118.10 5.24 

Node-35 -8.75 88.88 2.49 95.62 3.27 103.57 4.09 110.62 4.99 

Node-36 -9.25 85.56 2.40 92.26 3.14 100.26 3.94 108.25 4.81 

Node-37 -9.50 82.26 2.29 89.87 3.01 98.49 3.79 106.35 4.64 

Node-38 -9.75 84.96 2.37 94.00 3.10 101.77 3.92 108.84 4.80 

Node-39 -10.25 90.25 2.51 97.06 3.29 104.75 4.13 110.55 5.04 

Node-40 -10.75 99.65 3.00 104.91 3.86 110.99 4.77 114.99 5.73 

Node-41 -13.75 100.38 3.10 103.67 3.97 107.10 4.87 109.79 5.80 

Node-42 -14.25 85.22 2.45 90.58 3.18 97.00 3.97 101.97 4.81 

Node-43 -14.75 79.42 2.27 85.37 2.96 93.50 3.70 98.07 4.51 

Node-44 -15.25 75.37 2.16 80.31 2.81 86.83 3.51 91.81 4.26 

Node-45 -15.50 74.08 2.11 78.47 2.75 84.72 3.43 89.81 4.17 

Node-46 -15.75 71.93 2.10 76.43 2.72 82.39 3.38 87.16 4.10 

Node-47 -16.25 71.86 2.11 76.55 2.74 81.59 3.40 86.43 4.11 

Node-48 -16.75 80.40 2.53 82.96 3.23 86.17 3.95 89.08 4.70 

Note: 1) All table values have a relative uncertainty band of 1 (J 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 37. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(100-175 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 100 EFPDs 125 EFPDs 150 EFPDs 175 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm-) (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 63.57 1.99 65.05 2.54 67.18 3.10 69.03 3.69 

Node-50 15.75 56.39 1.69 59.16 2.18 63.07 2.70 65.90 3.24 

Node-51 15.25 55.74 1.65 58.54 2.14 62.96 2.64 65.99 3.19 

Node-52 14.75 54.72 1.63 57.64 2.10 60.78 2.60 63.85 3.13 

Node-53 14.50 52.52 1.53 56.40 1.99 60.38 2.48 64.26 3.00 

Node-54 14.25 54.98 1.57 59.60 2.05 64.49 2.56 68.50 3.12 

Node-55 13.75 59.52 1.74 63.59 2.25 68.53 2.80 72.44 3.40 

Node-56 13.25 74.04 2.34 76.33 2.99 79.11 3.65 80.86 4.34 

Node-57 10.25 83.04 2.54 86.63 3.26 91.24 4.02 94.26 4.81 

Node-58 9.75 75.46 2.11 81.66 2.76 88.27 3.47 93.51 4.24 

Node-59 9.25 71.18 1.99 77.42 2.60 84.39 3.28 92.20 4.01 

Node-60 8.75 70.85 2.00 76.65 2.62 83.84 3.28 90.96 4.01 

Node-61 8.50 71.20 1.99 77.05 2.61 85.43 3.27 92.96 4.02 

Node-62 8.25 73.89 2.10 80.72 2.74 88.73 3.44 94.97 4.21 

Node-63 7.75 80.06 2.24 85.77 2.93 92.34 3.68 98.43 4.48 

Node-64 7.25 95.87 2.88 100.53 3.71 105.22 4.58 108.10 5.49 

Node-65 4.25 100.32 3.04 106.31 3.91 112.59 4.84 115.95 5.81 

Node-66 3.75 88.80 2.41 96.94 3.19 105.06 4.03 112.96 4.94 

Node-67 3.25 84.85 2.27 93.11 3.00 101.75 3.81 109.03 4.70 

Node-68 2.75 80.67 2.20 88.81 2.90 97.80 3.67 105.06 4.52 

Node-69 2.50 81.09 2.22 89.27 2.93 96.32 3.70 104.47 4.54 

Node-70 2.25 82.68 2.28 90.59 3.00 98.31 3.78 106.09 4.64 

Node-71 1.75 91.13 2.47 99.39 3.26 107.22 4.12 114.14 5.05 

Node-72 1.25 104.46 3.15 110.23 4.05 116.17 5.01 118.59 6.02 

Node-73 -1.75 106.10 3.18 112.03 4.10 117.84 5.08 120.54 6.10 

Node-74 -2.25 91.48 2.47 99.96 3.26 109.54 4.13 116.42 5.08 

Node-75 -2.75 85.84 2.38 94.14 3.12 103.16 3.94 109.83 4.83 

Node-76 -3.25 84.57 2.27 93.48 3.01 102.54 3.82 110.60 4.71 

Node-77 -3.50 82.34 2.27 90.36 2.98 99.22 3.77 107.91 4.63 

Node-78 -3.75 86.33 2.38 94.69 3.13 103.20 3.96 110.99 4.85 

Node-79 -4.25 92.55 2.53 101.22 3.34 109.28 4.22 116.88 5.16 

Node-80 -4.75 104.64 3.11 109.96 4.02 116.21 4.97 119.17 5.98 

Node-81 -7.75 105.36 3.12 110.71 4.03 116.65 4.99 121.17 6.00 

Node-82 -8.25 92.14 2.48 99.71 3.28 108.48 4.14 114.19 5.08 

Node-83 -8.75 82.57 2.29 90.26 3.00 98.85 3.79 106.65 4.64 

Node-84 -9.25 78.74 2.16 86.16 2.84 94.06 3.59 103.05 4.40 

Node-85 -9.50 77.50 2.13 84.28 2.81 92.46 3.54 100.66 4.34 

Node-86 -9.75 77.35 2.13 84.02 2.80 92.08 3.53 99.36 4.33 

Node-87 -10.25 81.37 2.23 88.93 2.94 97.69 3.71 105.00 4.55 

Node-88 -10.75 95.95 2.86 101.24 3.70 106.80 4.57 110.36 5.50 

Node-89 -13.75 94.08 2.91 98.15 3.72 101.37 4.57 103.42 5.45 

Node-90 -14.25 82.65 2.32 88.75 3.04 94.59 3.81 99.37 4.63 

Node-91 -14.75 74.13 2.13 78.84 2.78 85.29 3.46 90.62 4.20 

Node-92 -15.25 70.70 2.05 75.47 2.67 81.25 3.32 86.60 4.03 

Node-93 -15.50 69.46 2.01 74.32 2.61 80.57 3.26 86.66 3.96 

Node-94 -15.75 67.25 1.95 72.49 2.53 77.93 3.16 83.35 3.84 

Node-95 -16.25 69.94 2.04 74.85 2.64 80.91 3.29 84.36 4.00 

Node-96 -16.75 77.55 2.46 80.76 3.14 84.50 3.84 86.19 4.57 

Note: 1) All table values have a relative uncertainty band of 1 <Y 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 37. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(100-175 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 100 EFPDs 125 EFPDs 150 EFPDs 175 EFPDs 

Stack I D mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA\ (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-2 
Node-97 16.25 45.35 1.35 48.31 1.75 51.54 2.17 53.78 2.61 

Node-98 15.75 36.46 1.00 39.24 1.32 43.14 1.66 47.05 2.03 

Node-99 15.25 34.23 0.93 37.12 1.23 41.30 1.55 45.35 1.91 

Node-100 14.75 34.02 0.94 37.48 1.23 42.04 1.56 46.75 1.92 

Node-101 14.50 33.98 0.91 38.10 1.21 42.50 1.54 46.69 1.91 

Node-102 14.25 33.64 0.90 38.53 1.19 42.78 1.53 48.40 1.90 

Node-1 03 13.75 36.02 1.00 40.11 1.31 44.78 1.66 50.28 2.05 

Node-1 04 13.25 48.84 1.44 51.90 1.86 56.23 2.31 60.04 2.80 

Node-105 10.25 60.44 1.69 65.45 2.22 71.67 2.79 77.66 3.41 

Node-106 9.75 46.87 1.19 52.27 1.60 59.80 2.05 67.76 2.57 

Node-107 9.25 44.49 1.14 50.76 1.53 58.25 1.97 66.27 2.47 

Node-1 08 8.75 45.38 1.14 51.88 1.53 59.38 1.98 67.91 2.50 

Node-1 09 8.50 46.11 1.15 53.17 1.55 61.42 2.01 70.06 2.54 

Node-110 8.25 47.91 1.16 54.36 1.57 63.64 2.04 72.57 2.60 

Node-111 7.75 51.57 1.26 58.54 1.71 67.32 2.21 76.09 2.80 

Node-112 7.25 70.41 1.94 76.68 2.55 84.91 3.21 91.09 3.95 

Node-113 4.25 76.10 2.06 82.81 2.72 90.07 3.44 96.98 4.22 

Node-114 3.75 59.85 1.42 69.05 1.94 79.80 2.54 89.62 3.23 

Node-115 3.25 54.00 1.33 63.28 1.80 73.40 2.34 84.95 2.98 

Node-116 2.75 53.14 1.32 61.82 1.78 72.51 2.32 82.93 2.95 

Node-117 2.50 51.96 1.27 61.66 1.72 72.69 2.25 83.55 2.88 

Node-118 2.25 54.33 1.31 63.65 1.78 75.38 2.34 86.18 2.99 

Node-119 1.75 62.60 1.48 71.76 2.03 84.76 2.65 95.87 3.39 

Node-120 1.25 75.89 2.09 84.38 2.75 94.97 3.48 1 02.42 4.30 

Node-121 -1.75 77.39 2.12 84.34 2.79 93.23 3.53 100.77 4.33 

Node-122 -2.25 61.01 1.48 70.42 2.01 81.12 2.62 91.72 3.32 

Node-123 -2.75 55.52 1.35 65.18 1.83 76.32 2.40 86.27 3.06 

Node-124 -3.25 53.13 1.30 62.64 1.76 73.32 2.31 84.73 2.94 

Node-125 -3.50 53.66 1.28 62.11 1.75 74.06 2.29 85.67 2.93 

Node-126 -3.75 56.52 1.31 66.46 1.80 79.40 2.38 90.86 3.07 

Node-127 -4.25 62.69 1.50 72.91 2.05 85.25 2.68 96.40 3.42 

Node-128 -4.75 78.49 2.11 86.37 2.80 94.89 3.54 103.06 4.37 

Node-129 -7.75 75.85 2.09 83.08 2.75 92.23 3.47 99.20 4.27 

Node-1 30 -8.25 60.71 1.49 70.07 2.01 81.15 2.62 90.92 3.33 

Node-131 -8.75 53.27 1.31 62.34 1.77 73.27 2.31 84.33 2.95 

Node-132 -9.25 51.86 1.26 59.81 1.71 70.34 2.23 81.91 2.84 

Node-133 -9.50 49.51 1.19 57.45 1.62 68.28 2.12 79.09 2.72 
Node-134 -9.75 48.96 1.20 57.74 1.62 68.14 2.13 79.91 2.72 
Node-135 -10.25 54.51 1.35 63.28 1.82 72.74 2.37 83.29 3.00 

Node-136 -10.75 69.07 1.91 75.29 2.51 83.09 3.16 89.92 3.88 

Node-137 -13.75 72.14 2.08 78.66 2.71 84.54 3.39 89.51 4.12 
Node-138 -14.25 56.44 1.45 63.81 1.94 72.09 2.49 80.15 3.12 

Node-139 -14.75 51.40 1.31 57.98 1.75 66.56 2.26 74.29 2.83 

Node-140 -15.25 47.89 1.21 54.31 1.62 62.57 2.10 70.48 2.64 

Node-141 -15.50 45.91 1.18 52.73 1.58 59.92 2.04 66.37 2.56 

Node-142 -15.75 46.33 1.19 52.32 1.60 58.40 2.05 64.30 2.56 

Node-143 -16.25 49.25 1.29 55.06 1.72 60.50 2.20 66.41 2.72 
Node-144 -16.75 56.53 1.64 61.01 2.13 65.84 2.66 70.17 3.23 

Note: 1) All table values have a relative uncertainty band of 1 (J = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 38. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(200-275 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 200 EFPDs 225 EFPDs 250 EFPDs 275 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 72.88 4.46 74.38 5.09 75.73 5.74 75.45 6.39 

Node-2 15.75 68.64 3.83 70.94 4.42 74.12 5.04 75.45 5.68 

Node-3 15.25 70.12 3.81 72.78 4.42 75.82 5.05 77.91 5.71 

Node-4 14.75 70.91 3.80 74.11 4.41 76.56 5.05 78.78 5.72 

Node-5 14.50 75.05 3.83 79.36 4.48 82.10 5.17 84.57 5.88 

Node-6 14.25 75.68 3.81 79.57 4.47 82.89 5.16 85.27 5.88 

Node-7 13.75 79.41 4.17 83.00 4.86 86.89 5.58 89.12 6.34 

Node-8 13.25 85.60 5.23 87.59 5.98 89.91 6.74 89.69 7.52 

Node-9 10.25 103.93 5.97 105.38 6.88 106.03 7.79 103.70 8.71 

Node-10 9.75 102.15 5.13 105.38 6.02 107.69 6.93 107.15 7.87 

Node-11 9.25 101.95 5.11 106.25 6.00 110.70 6.92 110.89 7.88 

Node-12 8.75 104.43 5.18 108.60 6.08 113.58 7.03 113.24 8.01 

Node-13 8.50 104.96 5.14 110.18 6.05 114.37 7.00 115.16 8.00 

Node-14 8.25 108.12 5.38 112.57 6.31 114.94 7.29 114.55 8.29 

Node-15 7.75 113.09 5.78 115.50 6.76 117.31 7.76 114.84 8.78 

Node-16 7.25 119.49 7.06 117.49 8.10 115.51 9.12 109.67 10.12 

Node-17 4.25 123.60 7.22 122.29 8.30 119.03 9.36 111.81 10.39 

Node-18 3.75 124.47 6.26 125.78 7.34 124.85 8.43 119.04 9.52 

Node-19 3.25 119.81 5.91 122.40 6.95 123.40 8.01 119.41 9.08 

Node-20 2.75 123.37 5.98 127.49 7.05 127.84 8.16 123.70 9.27 

Node-21 2.50 122.48 5.90 126.58 6.96 127.65 8.06 123.11 9.17 

Node-22 2.25 123.35 6.09 126.37 7.16 127.05 8.26 122.23 9.36 

Node-23 1.75 125.13 6.45 125.41 7.53 124.30 8.62 118.30 9.70 

Node-24 1.25 126.87 7.37 125.45 8.48 122.66 9.56 114.49 10.63 

Node-25 -1.75 130.59 7.49 128.51 8.62 125.61 9.74 118.25 10.83 

Node-26 -2.25 129.07 6.60 129.78 7.72 128.43 8.84 121.40 9.96 

Node-27 -2.75 124.64 6.16 127.20 7.24 126.49 8.34 120.25 9.44 

Node-28 -3.25 124.56 6.00 128.84 7.08 131.10 8.20 126.80 9.34 

Node-29 -3.50 126.62 6.02 130.82 7.12 132.39 8.25 128.11 9.40 

Node-30 -3.75 127.69 6.15 131.51 7.26 130.98 8.40 126.73 9.54 

Node-31 -4.25 127.45 6.56 128.55 7.67 127.21 8.78 119.82 9.89 

Node-32 -4.75 126.84 7.50 124.73 8.60 120.47 9.68 112.97 10.73 

Node-33 -7.75 123.13 7.24 121.81 8.31 118.12 9.37 112.14 10.39 

Node-34 -8.25 122.57 6.27 124.09 7.33 123.14 8.41 118.24 9.48 

Node-35 -8.75 118.77 5.95 122.24 6.98 122.26 8.05 118.61 9.11 

Node-36 -9.25 116.24 5.75 121.70 6.76 124.61 7.82 122.23 8.90 

Node-37 -9.50 115.48 5.56 118.59 6.57 122.85 7.60 120.33 8.66 

Node-38 -9.75 116.56 .5.75 120.02 6.76 122.14 7.80 119.40 8.86 

Node-39 -10.25 116.10 6.00 119.31 7.01 121.00 8.04 116.87 9.09 

Node-40 -10.75 117.56 6.73 117.64 7.75 116.37 8.77 111.33 9.78 

Node-41 -13.75 110.27 6.75 108.92 7.71 106.88 8.66 101.00 9.58 

Node-42 -14.25 105.75 5.70 106.78 6.62 106.23 7.54 102.30 8.46 

Node-43 -14.75 103.14 5.36 105.59 6.26 107.09 7.17 105.17 8.10 

Node-44 -15.25 97.56 5.06 99.92 5.90 102.71 6.77 101.80 7.66 

Node-45 -15.50 94.21 4.95 96.80 5.77 100.59 6.61 99.83 7.48 

Node-46 -15.75 90.77 4.86 94.29 5.64 97.75 6.46 97.09 7.31 

Node-47 -16.25 90.10 4.86 93.93 5.64 95.11 6.45 93.96 7.28 

Node-48 -16.75 91.25 5.47 93.65 6.26 93.92 7.08 91.40 7.89 

Note: 1) All table values have a relative uncertainty band of 1 cr = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 38. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(200-275 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 200 EFPDs 225 EFPDs 250 EFPDs 275 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Densit:r. Burnup Densit:r. Burnup Densit:r. Burnup Densit:r. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 71.37 4.29 72.71 4.90 73.15 5.54 72.91 6.17 

Node-50 15.75 69.46 3.81 72.49 4.42 74.56 5.05 75.22 5.69 

Node-51 15.25 69.79 3.76 72.39 4.37 75.25 5.00 77.89 5.65 

Node-52 14.75 68.77 3.69 71.88 4.28 74.69 4.91 75.40 5.55 

Node-53 14.50 69.32 3.56 72.59 4.16 77.09 4.79 79.93 5.46 

Node-54 14.25 73.35 3.72 77.77 4.36 81.94 5.03 84.46 5.74 

Node-55 13.75 77.99 4.03 81.40 4.70 85.34 5.41 87.82 6.15 

Node-56 13.25 84.29 5.04 85.52 5.77 87.10 6.51 87.83 7.27 

Node-57 10.25 98.65 5.63 99.50 6.48 99.94 7.35 97.98 8.21 

Node-58 9.75 100.21 5.05 103.90 5.92 105.99 6.82 105.32 7.74 

Node-59 9.25 99.47 4.81 104.40 5.67 108.80 6.58 109.10 7.52 

Node-60 8.75 97.44 4.80 102.02 5.64 106.50 6.53 106.69 7.45 

Node-61 8.50 99.49 4.82 104.62 5.69 108.98 6.59 109.47 7.54 

Node-62 8.25 101.97 5.03 104.77 5.92 108.03 6.83 1 07.40 7.76 

Node-63 7.75 103.86 5.33 106.36 6.23 108.28 7.16 1 05.78 8.10 

Node-64 7.25 111 .73 6.43 111.07 7.40 109.01 8.36 104.17 9.31 

Node-65 4.25 118.33 6.82 116.43 7.85 113.25 8.86 106.38 9.84 

Node-66 3.75 118.55 5.92 119.28 6.95 119.37 7.98 114.75 9.02 

Node-67 3.25 116.78 5.64 119.54 6.66 121.09 7.69 117.00 8.74 

Node-68 2.75 114.12 5.43 118.94 6.42 121.95 7.46 117.50 8.51 

Node-69 2.50 112.78 5.44 118.71 6.42 119.55 7.45 115.85 8.49 

Node-70 2.25 114.38 5.56 119.91 6.55 119.89 7.59 115.24 8.63 

Node-71 1.75 120.46 6.04 121.76 7.09 120.53 8.15 114.27 9.19 

Node-72 1.25 121.39 7.05 119.20 8.10 115.99 9.13 108.45 10.14 

Node-73 -1.75 124.27 7.14 122.66 8.22 119.50 9.29 111.09 10.32 

Node-74 -2.25 121.98 6.09 122.89 7.15 121.58 8.21 115.95 9.27 

Node-75 -2.75 118.15 5.79 121.50 6.81 122.36 7.87 117.53 8.93 

Node-76 -3.25 118.30 5.67 122.20 6.69 124.82 7.75 119.74 8.84 

Node-77 -3.50 117.21 5.57 121.79 6.58 122.96 7.64 120.06 8.71 

Node-78 -3.75 118.28 5.81 121.09 6.84 121.66 7.89 117.29 8.95 

Node-79 -4.25 121.68 6.18 122.30 7.23 121.04 8.30 114.91 9.35 

Node-80 -4.75 121.50 7.02 119.64 8.07 115.25 9.11 108.93 10.11 

Node-81 -7.75 122.14 7.05 120.73 8.11 118.91 9.16 111.78 10.19 

Node-82 -8.25 120.47 6.08 121.77 7.12 120.40 8.18 115.44 9.22 

Node-83 -8.75 114.10 5.57 118.04 6.56 118.84 7.58 115.83 8.61 

Node-84 -9.25 111.57 5.30 116.69 6.27 119.89 7.28 117.62 8.32 

Node-85 -9.50 110.06 5.21 114.51 6.17 117.28 7.16 115.02 8.18 

Node-86 -9.75 107.40 5.19 112.22 6.13 114.57 7.10 112.62 8.09 

Node-87 -10.25 112.00 5.47 114.86 6.44 115.83 7.43 113.68 8.44 

Node-88 -10.75 113.18 6.46 113.02 7.44 112.48 8.42 107.75 9.40 

Node-89 -13.75 104.53 6.35 104.34 7.26 102.07 8.16 96.85 9.05 

Node-90 -14.25 102.96 5.50 104.54 6.39 104.31 7.30 101 .20 8.20 

Node-91 -14.75 95.17 4.99 98.56 5.81 99.99 6.67 97.92 7.54 

Node-92 -15.25 91.16 4.78 94.52 5.57 97.55 6.39 95.98 7.24 

Node-93 -15.50 91.87 4.71 96.14 5.51 98.38 6.34 98.47 7.20 

Node-94 -15.75 88.12 4.56 91.93 5.33 94.48 6.12 95.06 6.94 

Node-95 -16.25 88.99 4.73 91.36 5.50 94.13 6.29 94.82 7.11 

Node-96 -16.75 88.77 5.32 90.31 6.09 89.74 6.87 89.00 7.65 

Note: 1) All table values have a relative uncertainty band of 1 (j 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 38. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(200-275 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 200 EFPDs 225 EFPDs 250 EFPDs 275 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Density. Burnup Density. Burnup Density. Burnup Density. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-2 
Node-97 16.25 56.99 3.08 59.77 3.57 62.72 4.09 63.73 4.64 

Node-98 15.75 51.63 2.44 55.76 2.89 59.97 3.38 62.57 3.90 

Node-99 15.25 50.93 2.30 55.23 2.75 60.23 3.22 63.78 3.75 

Node-100 14.75 52.38 2.33 58.06 2.78 63.97 3.29 67.58 3.84 

Node-101 14.50 52.63 2.31 58.32 2.77 64.37 3.27 69.42 3.83 

Node-1 02 14.25 54.87 2.32 59.26 2.79 65.07 3.31 70.09 3.87 

Node-103 13.75 56.25 2.48 61.26 2.97 67.47 3.50 72.75 4.09 

Node-104 13.25 64.92 3.32 69.60 3.89 74.39 4.49 78.71 5.14 

Node-1 05 10.25 85.88 4.08 89.24 4.83 93.69 5.60 94.34 6.41 

Node-106 9.75 79.08 3.16 86.76 3.85 92.56 4.60 96.70 5.40 

Node-107 9.25 76.20 3.05 84.34 3.71 91.75 4.44 95.68 5.24 

Node-108 8.75 77.05 3.09 85.43 3.76 94.41 4.50 99.93 5.32 

Node-109 8.50 79.53 3.15 87.37 3.84 96.28 4.60 100.71 5.43 

Node-110 8.25 81.19 3.23 90.02 3.93 97.64 4.71 101 .78 5.56 

Node-111 7.75 84.75 3.46 92.52 4.19 100.07 5.00 101.82 5.87 

Node-112 7.25 98.62 4.74 102.51 5.60 105.40 6.49 103.33 7.40 

Node-113 4.25 103.80 5.06 109.45 5.96 110.51 6.91 108.52 7.87 

Node-114 3.75 98.71 4.01 106.07 4.87 111.75 5.79 111.04 6.76 

Node-115 3.25 97.23 3.72 106.23 4.56 112.77 5.48 114.08 6.46 

Node-116 2.75 94.11 3.67 104.54 4.48 113.37 5.39 113.67 6.37 

Node-117 2.50 96.77 3.61 107.14 4.45 113.77 5.38 115.51 6.37 

Node-118 2.25 98.94 3.74 109.14 4.60 114.32 5.54 114.74 6.54 

Node-119 1.75 105.82 4.22 113.01 5.14 115.54 6.12 113.69 7.12 

Node-120 1.25 109.61 5.19 113.54 6.14 114.37 7.13 111 .22 8.12 

Node-121 -1.75 107.16 5.21 110.60 6.14 111.56 7.10 108.30 8.07 

Node-1 22 -2.25 102.45 4.12 107.88 5.01 112.72 5.94 112.36 6.92 

Node-123 -2.75 98.73 3.81 107.20 4.67 114.49 5.60 115.81 6.59 

Node-124 -3.25 98.99 3.68 107.99 4.54 114.53 5.48 115.98 6.47 

Node-125 -3.50 99.66 3.67 110.66 4.54 117.00 5.50 119.78 6.51 

Node-126 -3.75 1 04.21 3.86 114.17 4.76 119.50 5.75 122.02 6.79 

Node-127 -4.25 108.15 4.26 115.23 5.19 119.02 6.19 116.59 7.23 

Node-128 -4.75 111 .28 5.26 114.79 6.23 114.79 7.22 110.23 8.22 

Node-129 -7.75 105.58 5.13 108.64 6.04 109.87 6.99 107.91 7.94 

Node-130 -8.25 101.98 4.12 108.85 5.00 112.39 5.95 112.45 6.92 

Node-131 -8.75 96.53 3.68 105.18 4.52 110.83 5.43 113.54 6.39 

Node-132 -9.25 94.08 3.55 103.27 4.37 109.82 5.26 113.40 6.22 

Node-133 -9.50 91.03 3.40 99.97 4.19 108.25 5.06 111.95 6.00 

Node-134 -9.75 92.51 3.41 101.59 4.21 111.88 5.09 113.11 6.07 

Node-135 -10.25 93.88 3.72 101.40 4.54 108.19 5.42 109.72 6.36 

Node-136 -10.75 97.67 4.66 102.80 5.51 105.01 6.40 1 04.73 7.31 

Node-137 -13.75 94.52 4.90 97.36 5.72 98.94 6.56 96.73 7.42 

Node-138 -14.25 87.34 3.81 93.05 4.57 96.62 5.38 96.48 6.21 

Node-139 -14.75 81.52 3.48 88.31 4.19 92.28 4.95 93.98 5.75 

Node-140 -15.25 79.05 3.25 86.66 3.94 92.40 4.69 94.16 5.49 

Node-141 -15.50 74.25 3.14 81.82 3.78 89.90 4.49 91.83 5.27 

Node-142 -15.75 72.28 3.12 78.37 3.74 84.36 4.42 86.81 5.15 

Node-143 -16.25 72.73 3.30 77.42 3.93 82.64 4.60 83.96 5.32 

Node-144 -16.75 76.25 3.84 80.20 4.50 83.71 5.20 85.38 5.92 

Note: 1) All table values have a relative uncertainty band of 1 (J 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 39. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(300-375 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 300 EFPDs 325 EFPDs 350 EFPDs 375 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 75.63 7.05 73.85 7.70 72.22 8.35 69.67 8.97 

Node-2 15.75 77.50 6.34 76.53 7.01 76.64 7.67 74.84 8.34 

Node-3 15.25 80.00 6.39 80.27 7.08 79.93 7.78 77.83 8.47 

Node-4 14.75 80.60 6.40 80.59 7.10 79.75 7.80 77.91 8.49 

Node-5 14.50 86.19 6.62 86.04 7.36 85.38 8.11 82.92 8.85 

Node-6 14.25 86.94 6.62 87.66 7.37 88.07 8.14 85.59 8.90 

Node-7 13.75 90.43 7.11 89.15 7.89 88.12 8.67 85.93 9.43 

Node-8 13.25 88.55 8.29 85.21 9.06 83.20 9.80 79.36 10.52 

Node-9 10.25 100.90 9.61 95.90 10.49 90.25 11.32 84.09 12.10 

Node-10 9.75 105.01 8.80 99.92 9.71 94.32 10.58 87.79 11 .40 

Node-11 9.25 108.75 8.84 103.51 9.79 97.79 10.68 90.98 11.53 

Node-12 8.75 112.30 8.99 107.15 9.97 102.29 10.90 94.71 11.79 

Node-13 8.50 112.97 9.00 107.65 9.98 101.38 10.91 93.85 11.79 

Node-14 8.25 110.70 9.28 104.06 10.24 98.19 11.15 90.68 12.00 

Node-15 7.75 109.54 9.77 103.07 10.72 96.56 11.62 88.55 12.46 

Node-16 7.25 104.22 11.07 96.65 11.98 90.08 12.82 82.29 13.60 

Node-17 4.25 104.28 11.36 96.04 12.26 88.69 13.10 80.44 13.87 

Node-18 3.75 112.74 10.55 104.26 11.53 97.05 12.43 88.44 13.27 

Node-19 3.25 113.21 10.12 104.21 11.10 95.76 12.01 86.90 12.84 

Node-20 2.75 118.28 10.34 109.00 11.37 100.69 12.32 91.08 13.19 

Node-21 2.50 117.10 10.24 107.49 11.26 99.84 12.19 90.67 13.05 

Node-22 2.25 116.43 10.42 107.10 11.43 99.98 12.36 90.90 13.23 

Node-23 1.75 111.11 10.73 101.77 11.69 94.18 12.58 85.29 13.39 

Node-24 1.25 107.31 11.62 97.69 12.55 90.85 13.40 82.23 14.19 

Node-25 -1.75 110.82 11.85 101.56 12.81 94.09 13.70 85.99 14.51 

Node-26 -2.25 114.31 11.01 104.75 12.00 96.77 12.91 87.56 13.75 

Node-27 -2.75 113.45 10.48 104.45 11.47 95.85 12.37 86.64 13.21 

Node-28 -3.25 120.26 10.44 110.68 11.48 103.11 12.44 93.73 13.34 

Node-29 -3.50 121.00 10.51 110.75 11.56 102.80 12.52 93.28 13.41 

Node-30 -3.75 120.90 10.64 111.51 11.69 103.32 12.66 93.46 13.55 

Node-31 -4.25 112.04 10.93 102.74 11.90 94.70 12.79 85.74 13.61 

Node-32 -4.75 105.46 11.71 96.15 12.62 88.73 13.46 80.04 14.23 

Node-33 -7.75 105.62 11.37 96.75 12.28 89.13 13.12 80.81 13.90 

Node-34 -8.25 112.30 10.50 104.07 11.48 96.87 12.38 87.80 13.22 

Node-35 -8.75 113.00 10.14 103.63 11.12 96.19 12.02 87.59 12.85 

Node-36 -9.25 118.49 9.96 109.91 10.99 101.92 11.94 92.59 12.83 

Node-37 -9.50 115.93 9.71 107.96 10.71 99.92 11.65 91.49 12.52 

Node-38 -9.75 114.72 9.90 106.28 10.89 98.44 11.81 90.38 12.67 

Node-39 -10.25 111.92 10.11 103.48 11.08 96.76 11.98 88.06 12.82 

Node-40 -10.75 105.86 10.75 97.96 11.67 91.62 12.52 83.26 13.31 

Node-41 -13.75 97.05 10.46 90.00 11.30 83.81 12.08 76.99 12.81 

Node-42 -14.25 99.71 9.35 93.55 10.22 88.20 11.03 81.80 11.79 

Node-43 -14.75 101.98 9.01 96.85 9.90 92.02 10.74 85.50 11.54 

Node-44 -15.25 99.66 8.55 95.18 9.41 91.58 10.24 85.90 11.03 

Node-45 -15.50 98.88 8.35 94.63 9.20 91.64 10.03 85.94 10.82 

Node-46 -15.75 95.53 8.15 91.94 8.98 88.94 9.78 83.91 10.55 

Node-47 -16.25 92.35 8.10 89.66 8.90 85.63 9.68 81.19 10.42 

Node-48 -16.75 89.73 8.68 85.70 9.46 82.50 10.21 77.71 10.92 

Note: 1) All table values have a relative uncertainty band of 1 (j" 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Node 300 EFPDs 325 EFPDs 350 EFPDs 375 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Density. Burnup Density. Burnup Density. Burnup Density. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm') (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 74.04 6.80 72.58 7.45 70.59 8.08 68.52 8.69 

Node-50 15.75 76.52 6.35 76.09 7.01 75.50 7.67 74.09 8.33 

Node-51 15.25 78.58 6.33 79.10 7.01 78.71 7.69 77.86 8.38 

Node-52 14.75 76.63 6.21 76.76 6.87 76.56 7.54 74.55 8.20 

Node-53 14.50 81.87 6.15 81.96 6.86 82.22 7.57 80.30 8.29 

Node-54 14.25 86.90 6.47 86.62 7.23 85.46 7.98 83.68 8.72 

Node-55 13.75 88.84 6.91 88.47 7.68 87.10 8.45 84.04 9.21 

Node-56 13.25 87.67 8.03 85.60 8.79 83.36 9.53 79.48 10.26 

Node-57 10.25 95.23 9.06 90.30 9.89 85.16 10.67 79.96 11.41 

Node-58 9.75 103.14 8.65 97.75 9.55 92.79 10.40 86.50 11.20 

Node-59 9.25 106.59 8.47 102.10 9.39 97.49 10.28 90.29 11.13 

Node-60 8.75 104.57 8.38 99.33 9.29 95.01 10.15 87.98 10.97 

Node-61 8.50 106.78 8.49 102.54 9.42 97.79 10.31 90.56 11.15 

Node-62 8.25 104.37 8.70 99.36 9.60 93.63 1 0.46 86.65 11.28 

Node-63 7.75 102.41 9.01 96.78 9.90 91.17 10.74 83.67 11.53 

Node-64 7.25 98.99 10.21 92.31 11.07 86.04 11.87 78.70 12.62 

Node-65 4.25 1 00.79 10.76 92.63 11.64 86.18 12.44 78.86 13.19 

Node-66 3.75 109.12 10.01 101.44 10.96 94.35 11.84 86.07 12.66 

Node-67 3.25 111.05 9.76 102.24 10.72 95.13 11.61 86.44 12.44 

Node-68 2.75 113.13 9.53 104.82 10.52 97.65 11.42 89.18 12.27 

Node-69 2.50 111.05 9.50 102.24 10.46 95.72 11.35 86.98 12.18 

Node-70 2.25 110.80 9.63 102.75 10.59 95.62 11.48 87.10 12.31 

Node-71 1.75 108.37 10.18 99.78 11.12 92.22 11.99 83.50 12.79 

Node-72 1.25 101.51 11.08 93.27 11.96 86.10 12.77 78.44 13.52 

Node-73 -1.75 104.69 11.29 96.46 12.20 89.78 13.03 81.78 13.81 

Node-74 -2.25 109.24 10.28 99.83 11.22 92.19 12.09 83.85 12.89 

Node-75 -2.75 112.26 9.95 102.87 10.92 95.34 11.81 86.69 12.64 

Node-76 -3.25 114.02 9.88 105.20 10.87 97.92 11.78 88.83 12.63 

Node-77 -3.50 113.66 9.75 104.66 10.74 96.10 11.64 87.24 12.48 

Node-78 -3.75 111.13 9.96 102.02 10.93 94.08 11.81 85.41 12.63 

Node-79 -4.25 108.51 10.34 99.16 11.28 90.95 12.15 82.44 12.93 

Node-80 -4.75 101.87 11.05 92.77 11.94 85.53 12.74 77.35 13.49 

Node-81 -7.75 105.84 11.16 97.34 12.08 90.80 12.93 82.95 13.71 

Node-82 -8.25 110.04 10.22 101.64 11.18 95.13 12.06 86.64 12.89 

Node-83 -8.75 112.31 9.62 104.48 10.59 96.66 11.50 87.77 12.34 

Node-84 -9.25 113.28 9.34 105.21 10.32 98.68 11.24 90.83 12.09 

Node-85 -9.50 110.41 9.18 103.68 10.14 96.76 11.04 88.92 11.88 

Node-86 -9.75 109.73 9.07 102.42 10.02 96.04 10.91 88.23 11.75 

Node-87 -10.25 109.09 9.43 101.97 10.37 94.78 11.26 86.43 12.08 

Node-88 -10.75 102.62 10.33 95.91 11.22 89.60 12.06 82.56 12.83 

Node-89 -13.75 92.26 9.89 86.13 10.69 80.73 11.44 74.55 12.14 

Node-90 -14.25 98.07 9.08 92.27 9.93 87.81 10.73 81.35 11 .49 

Node-91 -14.75 95.79 8.39 90.96 9.22 86.64 10.01 81.01 10.76 

Node-92 -15.25 93.43 8.07 89.48 8.88 85.17 9.66 79.63 10.40 

Node-93 -15.50 95.48 8.05 92.11 8.88 89.16 9.68 83.79 10.45 

Node-94 -15.75 95.19 7.77 91.59 8.59 88.68 9.39 83.81 10.16 

Node-95 -16.25 94.06 7.93 90.72 8.75 87.02 9.54 81.99 10.29 

Node-96 -16.75 86.95 8.42 83.06 9.18 80.01 9.90 75.41 10.59 

Note: 1) All table values have a relative uncertainty band of 1 cr 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 39. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(300-375 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 300 EFPDs 325 EFPDs 350 EFPDs 375 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Density. Burnup Density. Burnup Density. Burnup Density. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-2 
Node-97 16.25 65.64 5.19 66.24 5.76 66.36 6.33 65.70 6.91 

Node-98 15.75 66.26 4.44 68.07 5.01 68.30 5.60 67.99 6.20 

Node-99 15.25 68.69 4.30 70.86 4.90 72.01 5.51 71.88 6.14 

Node-100 14.75 71.22 4.43 73.96 5.05 75.66 5.69 75.21 6.35 

Node-101 14.50 74.13 4.44 76.97 5.08 79.35 5.75 79.29 6.44 

Node-1 02 14.25 74.18 4.48 77.49 5.12 79.96 5.80 79.69 6.49 

Node-103 13.75 76.63 4.72 79.02 5.38 81.68 6.07 81.05 6.78 

Node-1 04 13.25 81.10 5.82 82.69 6.52 83.58 7.24 81.49 7.97 

Node-1 05 10.25 94.94 7.23 92.90 8.06 89.74 8.86 85.71 9.64 

Node-106 9.75 98.08 6.24 96.87 7.09 93.98 7.93 89.41 8.75 

Node-107 9.25 97.95 6.07 97.41 6.92 95.22 7.76 91.72 8.59 

Node-108 8.75 102.59 6.18 100.87 7.07 98.91 7.95 94.63 8.81 

Node-109 8.50 103.55 6.31 101.82 7.20 98.87 8.09 93.72 8.95 

Node-110 8.25 103.42 6.44 101.69 7.34 99.56 8.22 93.73 9.09 

Node-111 7.75 102.03 6.75 99.66 7.63 95.97 8.50 90.85 9.33 

Node-112 7.25 102.12 8.30 99.04 9.19 94.69 10.04 89.76 10.87 

Node-113 4.25 103.72 8.82 97.92 9.72 92.83 10.56 86.68 11.37 

Node-114 3.75 108.28 7.72 103.22 8.66 98.29 9.56 92.46 10.41 

Node-115 3.25 113.15 7.45 108.60 8.43 103.65 9.38 97.10 10.28 

Node-116 2.75 113.34 7.36 108.08 8.34 102.70 9.28 95.29 10.17 

Node-117 2.50 114.29 7.37 108.23 8.36 104.02 9.30 97.52 10.20 

Node-118 2.25 113.51 7.53 107.88 8.52 102.54 9.45 95.42 10.34 

Node-119 1.75 110.23 8.11 103.92 9.06 98.61 9.96 90.89 10.82 

Node-120 1.25 106.72 9.09 100.30 10.01 95.27 10.88 88.69 11.71 

Node-121 -1.75 102.65 9.01 95.61 9.90 90.29 10.73 83.94 11.51 

Node-122 -2.25 109.44 7.89 103.31 8.84 97.61 9.74 90.43 10.59 

Node-123 -2.75 113.72 7.59 107.74 8.58 102.65 9.52 95.39 10.41 

Node-124 -3.25 115.21 7.48 109.21 8.48 103.18 9.42 96.01 10.32 

Node-125 -3.50 117.39 7.55 111.46 8.57 105.63 9.54 97.70 10.46 

Node-126 -3.75 119.47 7.85 114.35 8.88 109.05 9.88 101.39 10.82 

Node-127 -4.25 113.35 8.24 106.62 9.22 100.03 10.15 92.88 11.02 

Node-128 -4.75 106.17 9.18 99.53 10.10 93.72 10.96 87.08 11.78 

Node-129 -7.75 102.91 8.88 96.32 9.77 90.80 10.61 83.76 11.39 

Node-130 -8.25 109.49 7.90 103.28 8.85 98.20 9.74 90.95 10.60 

Node-131 -8.75 112.53 7.38 108.14 8.35 102.89 9.29 95.71 10.18 

Node-132 -9.25 113.21 7.20 108.62 8.18 104.67 9.13 97.50 10.03 

Node-133 -9.50 111.88 6.97 108.55 7.94 104.41 8.88 96.96 9.79 

Node-134 -9.75 112.19 7.05 109.05 8.02 104.26 8.97 97.66 9.87 

Node-135 -10.25 109.64 7.31 104.38 8.26 99.03 9.17 92.67 10.02 

Node-136 -10.75 101.41 8.22 96.86 9.10 91.99 9.94 85.45 10.74 

Node-137 -13.75 94.90 8.26 90.18 9.09 85.58 9.87 79.86 10.61 

Node-138 -14.25 96.51 7.05 92.94 7.89 89.24 8.70 84.37 9.47 

Node-139 -14.75 94.45 6.57 93.38 7.39 90.02 8.20 85.95 8.98 

Node-140 -15.25 95.37 6.31 94.60 7.13 92.06 7.96 87.30 8.75 

Node-141 -15.50 93.65 6.07 92.62 6.88 90.44 7.68 85.67 8.47 

Node-142 -15.75 90.32 5.91 88.98 6.69 87.52 7.46 84.39 8.22 

Node-143 -16.25 86.03 6.05 85.10 6.80 84.43 7.53 81.71 8.27 

Node-144 -16.75 86.71 6.66 85.71 7.42 84.41 8.16 81.51 8.89 

Note: 1) All table values have a relative uncertainty band of 1 (J 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 40. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(400-550 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 67.89 9.58 62.05 10.73 56.20 11.78 50.85 12.73 

Node-2 15.75 72.29 8.99 66.31 10.21 60.30 11.33 53.85 12.35 

Node-3 15.25 76.11 9.15 70.59 1 0.44 63.43 11.63 57.18 12.70 

Node-4 14.75 74.42 9.17 67.58 10.43 60.70 11.58 53.40 12.59 

Node-5 14.50 80.11 9.57 71.95 10.92 64.01 12.13 56.53 13.21 

Node-6 14.25 83.55 9.64 75.44 11.05 67.95 12.33 60.07 13.47 

Node-7 13.75 82.98 10.18 73.59 11.57 65.48 12.81 57.54 13.91 

Node-8 13.25 75.80 11.21 67.03 12.49 58.71 13.61 51.04 14.59 

Node-9 10.25 78.81 12.83 67.84 14.15 58.84 15.28 51.52 16.26 

Node-10 9.75 82.35 12.16 69.88 13.53 59.87 14.69 51.77 15.69 

Node-11 9.25 84.65 12.32 72.01 13.73 61.27 14.93 52.33 15.95 

Node-12 8.75 88.81 12.61 76.10 14.09 65.66 15.35 57.23 16.45 

Node-13 8.50 87.77 12.61 75.03 14.07 64.55 15.32 55.48 16.39 

Node-14 8.25 85.16 12.79 72.51 14.20 62.35 15.41 53.62 16.45 

Node-15 7.75 81.68 13.23 68.67 14.58 58.12 15.72 49.84 16.68 

Node-16 7.25 75.90 14.31 64.19 15.57 54.64 16.63 47.69 17.54 

Node-17 4.25 74.68 14.57 63.76 15.81 55.39 16.87 48.47 17.79 

Node-18 3.75 82.02 14.04 69.49 15.40 59.35 16.56 51.33 17.54 

Node-19 3.25 80.15 13.59 66.92 14.92 55.96 16.02 47.38 16.95 

Node-20 2.75 83.85 13.98 69.98 15.37 58.60 16.52 49.81 1 7.49 

Node-21 2.50 82.74 13.84 68.77 15.21 57.30 16.34 48.65 17.29 

Node-22 2.25 83.65 14.02 69.83 15.40 58.69 16.55 50.18 17.52 

Node-23 1.75 78.61 14.13 65.57 15.43 55.54 16.52 47.44 17.44 

Node-24 1.25 75.67 14.90 64.03 16.16 54.84 17.22 47.88 18.14 

Node-25 -1.75 79.81 15.26 68.04 16.58 58.56 17.71 51.59 18.69 

Node-26 -2.25 80.79 14.51 67.70 15.85 57.26 16.97 49.36 17.92 

Node-27 -2.75 79.49 13.96 65.48 15.27 54.66 16.35 46.39 17.25 

Node-28 -3.25 86.66 14.15 73.58 15.59 63.22 16.81 55.02 17.86 

Node-29 -3.50 85.89 14.22 72.24 15.65 61.96 16.84 54.08 17.88 

Node-30 -3.75 86.31 14.37 72.49 15.79 61.87 17.00 53.78 18.03 

Node-31 -4.25 78.39 14.36 66.06 15.65 56.18 16.75 48.83 17.68 

Node-32 -4.75 73.75 14.92 61.74 16.14 52.66 17.16 45.90 18.04 

Node-33 -7.75 74.78 14.60 62.85 15.84 53.80 16.88 46.85 17.77 

Node-34 -8.25 80.67 13.98 67.63 15.32 57.36 16.44 49.21 17.39 

Node-35 -8.75 80.38 13.61 66.61 14.94 55.77 16.04 47.41 16.96 

Node-36 -9.25 85.56 13.63 72.06 15.05 60.80 16.24 51.61 17.25 

Node-37 -9.50 84.61 13.31 70.99 14.71 60.23 15.89 51.37 16.89 

Node-38 -9.75 83.42 13.45 70.19 14.83 59.37 16.00 50.55 16.98 

Node-39 -10.25 81.49 13.58 68.91 14.93 58.40 16.07 50.27 17.05 

Node-40 -10.75 77.31 14.04 65.95 15.32 56.52 16.42 49.32 17.36 

Node-41 -13.75 71.72 13.48 61.87 14.67 53.33 15.71 46.37 16.60 

Node-42 -14.25 76.41 12.50 65.85 13.78 56.38 14.88 48.84 15.82 

Node-43 -14.75 80.25 12.28 68.38 13.62 58.56 14.76 51.05 15.73 

Node-44 -15.25 81.15 11.78 70.22 13.13 61.07 14.31 53.48 15.33 

Node-45 -15.50 81.40 11.57 70.86 12.93 61.67 14.11 54.23 15.15 

Node-46 -15.75 78.94 11.28 68.88 12.60 60.38 13.75 52.96 14.77 

Node-47 -16.25 76.76 11.12 67.17 12.41 58.76 13.53 51.29 14.51 

Node-48 -16.75 73.37 11.60 64.28 12.83 56.53 13.90 49.79 14.85 

Note: 1) All table values have a relative uncertainty band of 10- = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 

NodelD core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 
(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 66.00 9.28 59.84 10.40 54.23 11.41 49.05 12.33 

Node-50 15.75 71.72 8.97 65.54 10.19 59.04 11.29 53.23 12.29 

Node-51 15.25 75.66 9.05 69.18 10.34 62.96 11.51 56.67 12.57 

Node-52 14.75 72.47 8.85 66.31 10.08 58.98 11.20 52.41 12.19 

Node-53 14.50 78.37 8.98 71.52 10.31 63.63 11.52 56.56 12.59 

Node-54 14.25 80.66 9.45 73.03 10.82 64.99 12.05 57.56 13.14 

Node-55 13.75 80.60 9.94 72.55 11.29 63.82 12.52 56.15 13.59 

Node-56 13.25 75.86 10.95 67.27 12.22 59.47 13.35 52.69 14.35 

Node-57 10.25 74.82 12.11 64.79 13.36 56.36 14.44 49.51 15.38 

Node-58 9.75 80.53 11.95 68.78 13.29 59.49 14.44 52.03 15.43 

Node-59 9.25 85.24 11.91 73.74 13.33 63.90 14.56 55.83 15.63 

Node-60 8.75 82.43 11.74 70.60 13.11 60.69 14.29 52.47 15.30 

Node-61 8.50 84.89 11.94 73.17 13.36 63.14 14.58 54.77 15.63 

Node-62 8.25 80.60 12.03 68.51 13.37 58.78 14.51 50.68 15.49 

Node-63 7.75 77.61 12.26 65.31 13.55 55.74 14.63 47.90 15.56 

Node-64 7.25 73.00 13.30 62.18 14.52 53.40 15.55 46.41 16.44 

Node-65 4.25 73.01 13.87 62.36 15.09 53.53 16.12 46.55 17.02 

Node-66 3.75 79.68 13.41 67.78 14.73 57.91 15.86 50.26 16.82 

Node-67 3.25 79.32 13.19 66.55 14.50 56.73 15.60 48.66 16.55 

Node-68 2.75 82.66 13.05 70.21 14.42 59.84 15.58 51.51 16.58 

Node-69 2.50 80.17 12.93 66.90 14.25 57.20 15.37 49.58 16.32 

Node-70 2.25 80.06 13.07 67.33 14.39 57.10 15.51 49.26 16.46 

Node-71 1.75 77.06 13.51 64.82 14.79 54.49 15.86 46.80 16.77 

Node-72 1.25 72.87 14.20 61.84 15.41 53.04 16.43 46.45 17.32 

Node-73 -1.75 75.85 14.52 64.83 15.78 56.45 16.86 50.00 17.81 

Node-74 -2.25 76.62 13.62 64.15 14.89 54.70 15.95 47.38 16.86 

Node-75 -2.75 79.83 13.39 67.24 14.72 57.67 15.83 50.11 16.79 

Node-76 -3.25 81.38 13.40 68.04 14.75 57.78 15.87 50.13 16.84 

Node-77 -3.50 79.74 13.24 66.16 14.55 55.78 15.65 47.83 16.57 

Node-78 -3.75 78.54 13.37 65.76 14.67 56.04 15.76 48.08 16.69 

Node-79 -4.25 75.75 13.65 64.13 14.90 55.07 15.97 47.52 16.88 

Node-80 -4.75 71.18 14.16 59.81 15.33 50.88 16.32 43.96 17.17 

Node-81 -7.75 76.83 14.43 65.55 15.71 56.66 16.80 49.89 17.75 

Node-82 -8.25 80.19 13.64 68.36 14.97 58.80 16.10 51.39 17.08 

Node-83 -8.75 80.97 13.10 68.25 14.44 57.63 15.57 49.37 16.53 

Node-84 -9.25 84.08 12.88 71.25 14.28 60.42 15.46 52.00 16.46 

Node-85 -9.50 82.50 12.65 69.16 14.02 58.79 15.16 50.19 16.14 

Node-86 -9.75 82.07 12.51 68.32 13.87 57.55 15.00 49.02 15.95 

Node-87 -10.25 80.15 12.83 67.71 14.16 57.60 15.29 49.24 16.24 

Node-88 -10.75 76.90 13.55 66.14 14.83 57.34 15.93 50.17 16.89 

Node-89 -13.75 69.45 12.78 60.11 13.94 51.71 14.95 45.47 15.81 

Node-90 -14.25 76.08 12.20 65.42 13.47 56.79 14.56 49.95 15.51 

Node-91 -14.75 76.55 11.46 65.66 12.74 57.12 13.83 49.80 14.79 

Node-92 -15.25 75.31 11.09 65.33 12.35 56.48 13.44 48.92 14.38 

Node-93 -15.50 79.76 11.18 69.86 12.52 60.95 13.69 53.69 14.71 

Node-94 -15.75 79.84 10.89 70.65 12.22 63.20 13.41 56.62 14.47 

Node-95 -16.25 77.27 11.00 68.03 12.30 60.44 13.44 53.67 14.45 

Node-96 -16.75 71.18 11.25 62.63 12.44 54.75 13.49 48.32 14.41 

Note: 1) All table values have a relative uncertainty band of 1 cr 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 40. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(400-550 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Density. Burnup Density. Burnup Density. Burnup Density. Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-2 
Node-97 16.25 65.28 7.48 61.68 8.59 57.56 9.64 53.59 10.62 

Node-98 15.75 67.97 6.79 64.86 7.96 60.76 9.06 56.05 10.09 

Node-99 15.25 72.04 6.76 69.13 8.00 64.27 9.17 59.10 10.26 

Node-100 14.75 74.99 7.00 72.13 8.29 66.64 9.52 61.03 10.64 

Node-101 14.50 77.89 7.12 73.67 8.46 67.85 9.71 61.65 10.86 

Node-102 14.25 78.69 7.18 74.42 8.53 68.48 9.80 62.73 10.96 

Node-103 13.75 80.49 7.48 74.66 8.85 68.94 10.12 62.46 11.28 

Node-1 04 13.25 80.35 8.67 74.32 10.04 67.77 11.30 61.33 12.45 

Node-105 10.25 82.38 10.39 74.29 11.77 66.03 13.02 59.20 14.13 

Node-106 9.75 84.71 9.52 75.82 10.95 66.24 12.22 58.75 13.33 

Node-107 9.25 87.58 9.39 77.68 10.86 68.29 12.16 60.00 13.31 

Node-1 08 8.75 89.98 9.63 79.97 11.14 70.86 12.49 63.14 13.68 

Node-109 8.50 89.46 9.76 79.60 11.26 70.16 12.60 61.79 13.77 

Node-110 8.25 89.62 9.90 79.73 11.41 70.34 12.74 62.03 13.92 

Node-111 7.75 85.77 10.12 75.40 11.56 65.84 12.82 57.58 13.92 

Node-112 7.25 84.72 11.65 74.69 13.06 66.09 14.32 59.04 15.43 

Node-113 4.25 81.69 12.12 71.49 13.49 63.20 14.69 55.82 15.75 

Node-114 3.75 86.93 11.21 76.35 12.67 66.47 13.95 58.30 15.06 

Node-11 5 3.25 91.10 11.12 79.61 12.65 69.02 13.98 60.26 15.13 

Node-116 2.75 90.07 11.00 78.45 12.51 67.77 13.82 58.70 14.95 

Node-117 2.50 92.07 11.05 80.47 12.59 69.71 13.93 60.92 15.10 

Node-118 2.25 90.4 7 11.17 78.10 12.68 67.16 13.98 58.13 15.10 

Node-119 1.75 85.10 11.61 73.22 13.03 63.24 14.25 54.83 15.30 

Node-120 1.25 82.65 12.48 71.16 13.86 61.44 15.05 53.73 16.07 

Node-121 -1.75 78.45 12.24 67.61 13.55 58.52 14.68 50.89 15.65 

Node-122 -2.25 84.79 11.37 72.70 12.79 62.91 14.00 54.57 15.05 

Node-123 -2.75 89.85 11.23 77.68 12.73 67.31 14.03 58.29 15.16 

Node-124 -3.25 90.52 11.15 77.91 12.66 67.46 13.96 58.84 15.09 

Node-125 -3.50 91.88 11.30 79.07 12.83 67.79 14.15 58.73 15.28 

Node-126 -3.75 95.41 11.70 82.76 13.30 72.37 14.68 63.62 15.89 

Node-127 -4.25 87.19 11.82 75.55 13.28 65.59 14.54 57.18 15.64 

Node-128 -4.75 81.46 12.53 70.74 13.89 61.11 15.07 53.71 16.09 

Node-129 -7.75 78.02 12.12 66.99 13.42 57.82 14.54 50.09 15.51 

Node-130 -8.25 85.37 11.38 72.77 12.81 62.99 14.02 54.33 15.07 

Node-131 -8.75 89.93 11.02 77.98 12.52 67.26 13.82 58.26 14.94 

Node-132 -9.25 91.68 10.88 79.15 12.41 68.83 13.73 59.80 14.88 

Node-133 -9.50 91.61 10.63 79.59 12.16 69.42 13.49 60.34 14.65 

Node-134 -9.75 92.92 10.72 81.20 12.27 71.04 13.63 61.76 14.82 

Node-135 -10.25 86.98 10.83 75.97 12.29 66.42 13.56 57.84 14.67 

Node-136 -10.75 80.34 11.48 70.25 12.83 61.54 14.01 54.44 15.04 

Node-137 -13.75 75.49 11.30 67.54 12.58 60.02 13.71 53.43 14.72 

Node-138 -14.25 80.18 10.20 71.52 11.55 63.57 12.76 56.43 13.82 

Node-139 -14.75 81.56 9.73 72.96 11.10 64.94 12.33 57.38 13.42 

Node-140 -15.25 83.68 9.51 75.84 10.93 67.80 12.20 60.54 13.34 

Node-141 -15.50 82.89 9.21 74.39 10.61 66.51 11.86 59.06 12.98 

Node-142 -15.75 81.38 8.96 73.07 10.33 65.94 11.56 59.28 12.68 

Node-143 -16.25 79.41 8.98 71.79 10.32 64.82 11.53 58.02 12.62 

Node-144 -16.75 79.15 9.60 72.51 10.94 66.01 12.17 59.84 13.29 

Note: 1) All table values have a relative uncertainty band of 1 Q' 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 41. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(600-750 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 600 EFPDs 650 EFPDs 700 EFPDs 750 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
NodelD core center Densitl Burnup Densitl Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ') (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 46.01 13.59 41.39 14.36 37.87 15.06 35.99 15.72 

Node-2 15.75 48.24 13.26 43.14 14.07 38.92 14.79 36.71 15.47 

Node-3 15.25 51.40 13.66 46.42 14.53 41.91 15.31 39.69 16.04 

Node-4 14.75 47.32 13.49 41.79 14.28 37.18 14.99 35.02 15.63 

Node-5 14.50 50.32 14.16 44.87 15.00 40.37 15.76 38.07 16.46 

Node-6 14.25 53.60 14.48 47.89 15.38 43.29 16.19 40.80 16.94 

Node-7 13.75 50.89 14.87 45.25 15.73 40.79 16.49 38.32 17.20 

Node-8 13.25 44.81 15.44 39.50 16.19 35.42 16.86 33.43 17.47 

Node-9 10.25 45.58 17.13 40.96 17.89 37.03 18.58 34.96 19.22 

Node-10 9.75 45.00 16.55 39.53 17.31 34.97 17.97 32.69 18.57 

Node-11 9.25 45.28 16.82 40.10 17.58 35.79 18.25 33.57 18.87 

Node-12 8.75 50.67 17.41 45.93 18.26 41.84 19.03 39.47 19.76 

Node-13 8.50 48.21 17.31 42.63 18.12 38.29 18.83 35.78 19.50 

Node-14 8.25 46.90 17.34 41.59 18.12 37.63 18.82 35.38 19.48 

Node-15 7.75 43.32 17.51 38.16 18.24 34.01 18.87 31.72 19.46 

Node-16 7.25 41.93 18.34 37.40 19.04 34.05 19.67 32.08 20.26 

Node-17 4.25 43.22 18.60 39.27 19.33 36.19 19.99 34.26 20.62 

Node-18 3.75 45.41 18.40 41.38 19.16 38.10 19.86 35.94 20.52 

Node-19 3.25 40.78 17.74 35.50 18.42 31.46 19.01 29.30 19.55 

Node-20 2.75 43.08 18.32 38.06 19.04 34.35 19.68 32.23 20.27 

Node-21 2.50 42.00 18.10 37.14 18.80 33.41 19.42 31.24 20.00 

Node-22 2.25 43.74 18.36 38.71 19.09 34.88 19.74 32.66 20.34 

Node-23 1.75 41.49 18.23 36.95 18.93 33.52 19.54 31.51 20.13 

Node-24 1.25 42.92 18.94 39.18 19.66 36.16 20.32 34.26 20.94 

Node-25 -1.75 46.34 19.55 42.35 20.33 39.21 21.04 37.18 21.72 

Node-26 -2.25 43.37 18.74 38.93 19.47 35.58 20.12 33.53 20.74 

Node-27 -2.75 40.17 18.02 35.38 18.69 31.78 19.29 29.85 19.84 

Node-28 -3.25 48.62 18.78 43.64 19.59 39.96 20.33 37.75 21.02 

Node-29 -3.50 48.18 18.78 43.44 19.59 39.72 20.32 37.43 21.01 

Node-30 -3.75 47.32 18.92 42.55 19.71 38.81 20.43 36.56 21.10 

Node-31 -4.25 43.06 18.50 38.86 19.22 35.55 19.87 33.51 20.49 

Node-32 -4.75 40.64 18.81 36.60 19.49 33.59 20.10 31.62 20.69 

Node-33 -7.75 41.47 18.56 37.56 19.25 34.57 19.88 32.66 20.48 

Node-34 -8.25 43.00 18.21 37.98 18.93 34.05 19.57 31.97 20.16 

Node-35 -8.75 40.98 17.75 36.04 18.43 32.41 19.03 30.34 19.60 

Node-36 -9.25 44.54 18.10 39.50 18.85 35.61 19.51 33.40 20.13 

Node-37 -9.50 44.66 17.74 39.67 18.49 35.39 19.15 33.13 19.77 

Node-38 -9.75 44.14 17.82 38.87 18.56 34.84 19.21 32.61 19.82 

Node-39 -10.25 44.27 17.89 39.40 18.63 35.76 19.29 33.55 19.91 

Node-40 -10.75 43.47 18.18 38.98 18.91 35.69 19.57 33.63 20.19 

Node-41 -13.75 40.80 17.37 36.36 18.05 32.75 18.67 30.77 19.23 

Node-42 -14.25 42.68 16.63 37.65 17.35 33.62 17.98 31.54 18.56 

Node-43 -14.75 44.47 16.59 39.45 17.33 35.49 17.99 33.37 18.61 

Node-44 -15.25 46.82 16.22 41.48 17.01 37.25 17.70 34.94 18.35 

Node-45 -15.50 47.99 16.05 42.96 16.86 38.70 17.58 36.51 18.25 

Node-46 -15.75 46.57 15.65 41.19 16.43 36.90 17.12 34.57 17.77 

Node-47 -16.25 45.16 15.37 40.11 16.13 35.93 16.81 33.81 17.43 

Node-48 -16.75 44.18 15.69 39.10 16.43 35.61 17.09 33.76 17.71 

Note: 1) All table values have a relative uncertainty band of 1 cr = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Node 600 EFPDs 650 EFPDs 700 EFPDs 750 EFPDs 

Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 

Node ID core center Densit~ Burnup Densit~ Burnup Densit~ Burnup Densit~ Burnup 
(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 44.15 13.16 39.79 13.90 36.25 14.57 34.40 15.20 

Node-50 15.75 48.20 13.19 43.82 14.00 39.72 14.74 37.68 15.43 

Node-51 15.25 51.35 13.53 46.30 14.39 41.69 15.17 39.42 15.90 

Node-52 14.75 46.60 13.07 41.34 13.85 36.95 14.55 34.73 15.19 

Node-53 14.50 50.30 13.54 45.07 14.39 40.64 15.15 38.40 15.85 

Node-54 14.25 50.99 14.11 44.95 14.96 40.00 15.72 37.67 16.41 

Node-55 13.75 49.82 14.53 43.92 15.36 39.49 16.10 37.16 16.79 

Node-56 13.25 46.83 15.23 42.00 16.02 38.10 16.73 35.87 17.39 

Node-57 10.25 43.86 16.21 39.45 16.95 35.85 17.61 33.94 18.24 

Node-58 9.75 45.92 16.30 41.18 17.08 37.48 17.77 35.35 18.42 

Node-59 9.25 49.33 16.56 44.20 17.39 40.13 18.13 37.83 18.83 

Node-60 8.75 45.47 16.17 40.24 16.93 35.96 17.61 33.65 18.23 

Node-61 8.50 47.87 16.54 42.70 17.34 38.36 18.06 35.98 18.73 

Node-62 8.25 43.85 16.33 38.50 17.06 34.48 17.71 32.35 18.31 

Node-63 7.75 41.77 16.36 36.84 17.05 32.84 17.67 30.71 18.24 

Node-64 7.25 41.04 17.21 36.91 17.90 33.64 18.52 31.79 19.11 

Node-65 4.25 41.31 17.79 37.38 18.49 34.38 19.12 32.50 19.71 

Node-66 3.75 44.24 17.66 39.82 18.40 36.54 19.07 34.45 19.71 

Node-67 3.25 42.49 17.36 37.57 18.07 34.31 18.70 32.49 19.29 

Node-68 2.75 45.74 17.44 40.98 18.20 37.84 18.89 35.80 19.55 

Node-69 2.50 43.36 17.15 38.37 17.87 34.77 18.51 32.74 19.12 

Node-70 2.25 43.45 17.28 38.80 18.01 35.24 18.66 33.15 19.27 

Node-71 1.75 40.73 17.55 36.08 18.23 32.68 18.83 30.81 19.40 

Node-72 1.25 41.80 18.10 38.35 18.80 35.53 19.44 33.77 20.06 

Node-73 -1.75 44.92 18.64 41.05 19.40 38.14 20.09 36.07 20.75 

Node-74 -2.25 41.73 17.65 37.40 18.35 33.77 18.97 31.77 19.56 

Node-75 -2.75 43.94 17.63 39.15 18.36 35.52 19.02 33.33 19.63 

Node-76 -3.25 43.71 17.67 38.99 18.40 35.39 19.05 33.55 19.67 

Node-77 -3.50 41.45 17.37 36.84 18.06 33.43 18.68 31.41 19.26 

Node-78 -3.75 41.96 1 7.49 37.31 18.19 33.92 18.82 32.05 19.41 

Node-79 -4.25 41.88 17.68 37.66 18.38 34.46 19.01 32.51 19.61 

Node-80 -4.75 39.10 17.91 35.25 18.56 32.43 19.15 30.60 19.72 

Node-81 -7.75 45.05 18.58 41.45 19.34 38.53 20.04 36.61 20.71 

Node-82 -8.25 45.57 17.94 41.00 18.70 37.52 19.39 35.32 20.04 

Node-83 -8.75 42.99 17.35 38.10 18.07 34.24 18.71 32.12 19.30 

Node-84 -9.25 45.08 17.33 39.65 18.08 35.57 18.74 33.24 19.36 

Node-85 -9.50 43.51 16.97 38.53 17.70 34.65 18.35 32.51 18.95 

Node-86 -9.75 42.21 16.77 36.88 17.47 32.66 18.09 30.41 18.66 

Node-87 -10.25 42.99 17.06 37.98 17.78 34.00 18.42 31.93 19.01 

Node-88 -10.75 44.48 17.72 40.28 18.47 36.81 19.15 34.84 19.79 

Node-89 -13.75 39.94 16.57 35.75 17.24 32.40 17.84 30.57 18.40 

Node-90 -14.25 44.17 16.35 39.70 17.09 36.12 17.76 34.03 18.38 

Node-91 -14.75 43.57 15.62 38.80 16.35 35.11 17.00 33.06 17.61 

Node-92 -15.25 42.86 15.19 37.61 15.91 33.83 16.54 31.72 17.13 

Node-93 -15.50 47.27 15.61 41.94 16.40 37.84 17.10 35.53 17.76 

Node-94 -15.75 50.86 15.43 45.71 16.28 41.70 17.05 39.38 17.78 

Node-95 -16.25 48.22 15.36 43.54 16.17 39.77 16.90 37.70 17.59 

Node-96 -16.75 42.97 15.22 38.61 15.94 34.81 16.59 32.94 17.19 

Note: 1) All table values have a relative uncertainty band of 1 (J 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 41. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 
(600-750 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 600 EFPDs 650 EFPDs 700 EFPDs 750 EFPDs 
Stack ID mid-point Fission Fission Fission Fission 

or distance to Power Power Power Power 
Node ID core center Densi~ Burnup Densi~ Burnup Densitl Burnup Densitl Burnup 

(in) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) (W/cm ) (% FIMA) 
Stack-2 
Node-97 16.25 49.72 11.53 45.75 12.38 42.36 13.15 40.52 13.89 

Node-98 15.75 52.03 11.04 47.88 11.93 43.73 12.74 41.85 13.50 
Node-99 15.25 54.61 11.27 50.25 12.19 46.01 13.04 43.89 13.84 
Node-1 00 14.75 55.34 11.68 50.64 12.61 46.34 13.47 44.11 14.28 
Node-101 14.50 56.34 11.90 51.15 12.85 46.54 13.72 44.10 14.53 
Node-102 14.25 57.07 12.02 51.65 12.98 46.84 13.86 44.40 14.67 
Node-103 13.75 56.66 12.34 51.28 13.30 46.56 14.17 44.06 14.97 
Node-1 04 13.25 55.76 13.48 50.53 14.43 45.93 15.28 43.58 16.08 

Node-105 10.25 53.09 15.12 48.01 16.02 43.36 16.83 41.03 17.58 
Node-1 06 9.75 52.01 14.32 46.17 15.19 40.89 15.97 38.37 16.68 
Node-107 9.25 53.19 14.32 47.23 15.21 41.92 16.00 39.38 16.73 
Node-1 08 8.75 55.90 14.74 49.90 15.68 44.61 16.52 41.92 17.29 
Node-109 8.50 54.50 14.81 48.73 15.73 43.66 16.55 40.97 17.30 
Node-110 8.25 54.84 14.96 48.43 15.88 43.27 16.70 40.63 17.45 
Node-111 7.75 50.66 14.89 44.55 15.73 39.46 16.48 36.95 17.17 
Node-112 7.25 52.52 16.42 47.38 17.30 43.02 18.10 40.73 18.85 

Node-113 4.25 50.31 16.69 45.13 17.53 40.95 18.29 38.75 19.00 
Node-114 3.75 51.55 16.04 46.13 16.90 41.33 17.68 38.99 18.40 
Node-115 3.25 52.98 16.14 46.88 17.03 41.91 17.81 39.37 18.54 
Node-116 2.75 51.52 15.93 45.52 16.79 40.40 17.55 37.78 18.25 

Node-117 2.50 53.33 16.12 46.90 17.01 41.64 17.80 38.86 18.52 
Node-118 2.25 50.93 16.08 44.72 16.93 39.58 17.68 36.84 18.36 
Node-119 1.75 48.00 16.22 42.07 17.02 37.25 17.73 34.85 18.37 
Node-120 1.25 47.29 16.97 42.12 17.77 37.82 18.47 35.61 19.13 
Node-121 -1.75 44.62 16.50 39.68 17.25 35.55 17.92 33.40 18.54 
Node-122 -2.25 47.78 15.96 42.40 16.76 37.82 17.48 35.41 18.13 
Node-123 -2.75 50.86 16.13 45.01 16.98 40.20 17.74 37.64 18.43 
Node-124 -3.25 51.50 16.07 45.32 16.93 40.46 17.70 37.99 18.40 
Node-125 -3.50 51.28 16.27 45.00 17.12 39.70 17.88 37.10 18.57 
Node-126 -3.75 56.16 16.96 49.82 17.90 44.79 18.74 42.09 19.51 

Node-127 -4.25 49.94 16.59 44.20 17.43 39.48 18.17 37.10 18.85 
Node-128 -4.75 47.58 16.99 42.47 17.79 38.16 18.50 35.79 19.17 

Node-129 -7.75 43.86 16.34 38.73 17.08 34.57 17.73 32.48 18.33 
Node-130 -8.25 47.32 15.98 41.66 16.77 36.95 17.47 34.48 18.11 
Node-131 -8.75 50.99 15.91 44.94 16.77 39.90 17.52 37.32 18.21 
Node-132 -9.25 52.31 15.88 45.88 16.76 40.84 17.53 38.18 18.24 
Node-133 -9.50 52.92 15.66 46.50 16.55 41.26 17.33 38.57 18.04 
Node-134 -9.75 54.68 15.85 48.24 16.77 42.89 17.58 40.11 18.32 
Node-135 -10.25 51.09 15.63 45.11 16.49 40.15 17.25 37.64 17.94 
Node-136 -10.75 48.12 15.95 42.74 16.76 38.35 1 7.48 36.09 18.14 
Node-137 -13.75 48.01 15.62 43.11 16.43 39.13 17.16 37.05 17.83 
Node-138 -14.25 50.45 14.77 45.17 15.62 40.58 16.38 38.14 17.09 
Node-139 -14.75 50.56 14.38 44.90 15.23 40.10 15.98 37.76 16.68 
Node-140 -15.25 54.01 14.36 48.33 15.27 43.61 16.08 41.11 16.84 
Node-141 -15.50 52.71 13.97 47.34 14.86 42.52 15.66 40.09 16.40 
Node-142 -15.75 53.15 13.68 47.89 14.57 43.33 15.38 40.87 16.13 
Node-143 -16.25 51.78 13.60 46.31 14.47 41.74 15.25 39.37 15.98 
Node-144 -16.75 54.58 14.29 50.19 15.22 46.23 16.07 44.02 16.87 
Note: 1) All table values have a relative uncertainty band of 10- = 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 42. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 

(800 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) 

Node 800 EFPDs 
Stack ID mid-point Fission 

or distance to Power 
Node ID core center Density- Burnup 

(in) (W/cm ) (% FIMA) 

Stack-1 
Node-1 16.25 33.03 16.33 

Node-2 15.75 33.31 16.09 

Node-3 15.25 36.05 16.71 

Node-4 14.75 31.42 16.23 

Node-5 14.50 34.54 17.11 

Node-6 14.25 37.11 17.63 

Node-7 13.75 34.82 17.85 

Node-8 13.25 30.61 18.04 

Node-9 10.25 32.16 19.82 

Node-10 9.75 29.31 19.13 

Node-11 9.25 30.59 1 9.44 

Node-12 8.75 36.52 20.44 

Node-13 8.50 32.71 20.11 

Node-14 8.25 32.68 20.08 

Node-15 7.75 29.03 20.01 

Node-16 7.25 29.91 20.81 

Node-17 4.25 32.14 21.21 

Node-18 3.75 33.72 21.14 

Node-19 3.25 26.79 20.06 

Node-20 2.75 29.77 20.83 
Node-21 2.50 28.81 20.54 

Node-22 2.25 30.09 20.90 
Node-23 1.75 29.33 20.67 

Node-24 1.25 32.48 21.54 

Node-25 -1.75 35.27 22.37 

Node-26 -2.25 31.23 21.31 

Node-27 -2.75 27.48 20.35 

Node-28 -3.25 35.38 21.67 

Node-29 -3.50 35.07 21.65 
Node-30 -3.75 34.20 21.73 

Node-31 -4.25 31.33 21.07 

Node-32 -4.75 29.56 21.23 

Node-33 -7.75 30.78 21.05 

Node-34 -8.25 29.55 20.71 

Node-35 -8.75 28.24 20.12 
Node-36 -9.25 30.80 20.70 

Node-37 -9.50 30.44 20.34 
Node-38 -9.75 29.89 20.37 

Node-39 -10.25 30.99 20.49 

Node-40 -10.75 31.17 20.76 

Node-41 -13.75 28.19 19.76 

Node-42 -14.25 28.64 19.10 

Node-43 -14.75 30.50 19.18 

Node-44 -15.25 31.88 18.95 

Node-45 -15.50 33.39 18.88 

Node-46 -15.75 31.20 18.35 

Node-47 -16.25 30.62 18.00 

Node-48 -16.75 30.94 18.28 

Note: 1) All table values have a relative uncertainty band of 1cr = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Node 800 EFPDs 

Stack ID mid-point Fission 
or distance to Power 

NodelD core center Densit}: Burnup 
(in) (W/cm ) (% FIMA) 

Stack-3 
Node-49 16.25 31.54 15.79 

Node-50 15.75 34.36 16.07 

Node-51 15.25 36.00 16.57 

Node-52 14.75 31.07 15.78 

Node-53 14.50 34.53 16.50 

Node-54 14.25 34.04 17.05 

Node-55 13.75 33.64 17.42 

Node-56 13.25 33.03 18.00 

Node-57 10.25 31.46 18.82 

Node-58 9.75 32.51 19.03 

Node-59 9.25 35.07 19.48 

Node-60 8.75 30.67 18.81 

Node-61 8.50 32.93 19.34 

Node-62 8.25 29.72 18.86 

Node-63 7.75 28.05 18.77 

Node-64 7.25 29.60 19.65 

Node-65 4.25 30.45 20.27 

Node-66 3.75 32.06 20.30 

Node-67 3.25 30.31 19.85 

Node-68 2.75 33.44 20.17 

Node-69 2.50 30.34 19.68 

Node-70 2.25 30.84 19.84 

Node-71 1.75 28.85 19.93 

Node-72 1.25 31.93 20.64 

Node-73 -1.75 33.93 21.38 

Node-74 -2.25 29.56 20.11 

Node-75 -2.75 31.06 20.21 

Node-76 -3.25 31.76 20.25 

Node-77 -3.50 29.21 19.80 

Node-78 -3.75 29.94 19.96 

Node-79 -4.25 30.32 20.17 

Node-80 -4.75 28.83 20.25 

Node-81 -7.75 34.54 21.34 

Node-82 -8.25 33.17 20.65 

Node-83 -8.75 29.68 19.85 

Node-84 -9.25 30.47 19.93 

Node-85 -9.50 29.92 19.51 

Node-86 -9.75 27.57 19.18 

Node-87 -10.25 29.33 19.56 

Node-88 -10.75 32.45 20.39 

Node-89 -13.75 28.32 18.93 

Node-90 -14.25 31.35 18.97 

Node-91 -14.75 30.22 18.18 

Node-92 -15.25 28.71 17.67 

Node-93 -15.50 32.28 18.37 

Node-94 -15.75 36.01 18.45 

Node-95 -16.25 34.72 18.24 

Node-96 -16.75 30.02 17.76 

Note: 1) All table values have a relative uncertainty band of 1 (J 
= 2.5%. 

2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 42. AGR-1 Fuel Compact Projected Fission Power Density and Burnup vs. EFPD 
(800 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) (continued) 

Node 800 EFPDs 
Stack ID mid-point Fission 

or distance to Power 
Node ID core center Densi~ Burnup 

(in) (W/cm ') (% FIMA) 

Stack-2 
Node-97 16.25 37.39 14.58 
Node-98 15.75 38.29 14.21 

Node-99 15.25 40.20 14.59 
Node-100 14.75 40.27 15.03 
Node-101 14.50 39.98 15.27 
Node-102 14.25 40.35 15.42 
Node-103 13.75 40.04 15.72 
Node-1 04 13.25 39.96 16.82 

Node-105 10.25 37.38 18.28 
Node-106 9.75 34.33 17.33 
Node-107 9.25 35.33 17.40 
Node-108 8.75 37.92 18.01 

Node-109 8.50 37.14 18.00 
Node-110 8.25 36.69 18.14 
Node-111 7.75 33.13 17.79 
Node-112 7.25 37.43 19.54 

Node-113 4.25 35.69 19.67 
Node-114 3.75 35.52 19.06 
Node-115 3.25 35.77 19.21 

Node-116 2.75 33.87 18.90 
Node-117 2.50 34.98 19.18 
Node-118 2.25 33.24 18.99 
Node-119 1.75 31.31 18.97 
Node-120 1.25 32.55 19.74 

Node-121 -1.75 30.40 19.11 
Node-122 -2.25 31.92 18.73 
Node-123 -2.75 34.17 19.08 
Node-124 -3.25 34,18 19.04 
Node-125 -3.50 33.43 19.20 
Node-126 -3.75 38.32 20.23 
Node-127 -4.25 33.74 19.49 
Node-128 -4.75 32.82 19.78 

Node-129 -7.75 29.48 18.88 
Node-130 -8.25 31.10 18.70 
Node-131 -8.75 33.67 18.85 
Node-132 -9.25 34.39 18.88 
Node-133 -9.50 34.79 18.70 
Node-134 -9.75 36.26 19.01 

Node-135 -10.25 33.90 18.58 
Node-136 -10.75 32.84 18.76 

Node-137 -13.75 33.95 18.47 
Node-138 -14.25 34.45 17.74 
Node-139 -14.75 34.14 17.32 
Node-140 -15.25 37.19 17.54 
Node-141 -15.50 36.04 17.08 
Node-142 -15.75 36.87 16.83 
Node-143 -16.25 35.56 16.64 
Node-144 -16.75 40.66 17.62 

Note: 1) All table values have a relative uncertainty band of 1 (J = 2.5%. 
2) MCNP-calculated results were normalized to 22.47 MW East lobe power. 
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Table 43. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 
(0-150 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) 

Node 0 EFPDs 50 EFPDs 100 EFPDs 150 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 
Node ID center x1 014 x1 020 x1 014 x1 020 x1 014 x1020 x1 014 x1020 

(in) (n/cm2sec) (n/cm2) Iln/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-1 
Node-1 16.25 0.42 0.00 0.43 1.84 0.43 3.69 0.43 5.57 

Node-2 15.75 0.44 0.00 0.45 1.93 0.45 3.88 0.46 5.86 

Node-3 15.25 0.46 0.00 0.47 2.01 0.47 4.05 0.48 6.12 

Node-4 14.75 0.48 0.00 0.49 2.10 0.49 4.23 0.50 6.40 

Node-5 14.50 0.49 0.00 0.50 2.17 0.51 4.38 0.52 6.63 

Node-6 14.25 0.49 0.00 0.50 2.18 0.51 4.39 0.53 6.66 

Node-7 13.75 0.50 0.00 0.51 2.20 0.52 4.42 0.53 6.71 

Node-8 13.25 0.54 0.00 0.54 2.35 0.55 4.73 0.56 7.14 

Node-9 10.25 0.59 0.00 0.60 2.58 0.61 5.22 0.62 7.91 

Node-10 9.75 0.60 0.00 0.61 2.64 0.62 5.34 0.64 8.11 

Node-11 9.25 0.60 0.00 0.61 2.65 0.63 5.36 0.64 8.14 

Node-12 8.75 0.61 0.00 0.63 2.71 0.64 5.47 0.66 8.30 

Node-13 8.50 0.63 0.00 0.64 2.77 0.66 5.60 0.67 8.51 

Node-14 8.25 0.64 0.00 0.65 2.79 0.66 5.66 0.68 8.61 

Node-15 7.75 0.66 0.00 0.67 2.88 0.68 5.84 0.70 8.88 

Node-16 7.25 0.66 0.00 0.67 2.89 0.68 5.82 0.70 8.82 

Node-17 4.25 0.70 0.00 0.71 3.07 0.73 6.20 0.74 9.41 

Node-18 3.75 0.70 0.00 0.71 3.06 0.73 6.22 0.75 9.45 

Node-19 3.25 0.72 0.00 0.73 3.15 0.74 6.36 0.77 9.66 

Node-20 2.75 0.70 0.00 0.71 3.06 0.73 6.20 0.75 9.43 

Node-21 2.50 0.70 0.00 0.72 3.09 0.73 6.26 0.75 9.52 

Node-22 2.25 0.69 0.00 0.71 3.05 0.73 6.18 0.74 9.40 

Node-23 1.75 0.69 0.00 0.71 3.05 0.72 6.18 0.74 9.40 

Node-24 1.25 0.71 0.00 0.72 3.13 0.74 6.32 0.75 9.56 

Node-25 -1.75 0.70 0.00 0.71 3.07 0.73 6.21 0.74 9.40 

Node-26 -2.25 0.70 0.00 0.72 3.09 0.74 6.28 0.76 9.57 

Node-27 -2.75 0.71 0.00 0.73 3.14 0.74 6.35 0.76 9.65 
Node-28 -3.25 0.70 0.00 0.71 3.08 0.73 6.24 0.76 9.51 

Node-29 -3.50 0.71 0.00 0.73 3.13 0.74 6.35 0.77 9.68 

Node-3D -3.75 0.68 0.00 0.70 3.01 0.72 6.13 0.75 9.35 

Node-31 -4.25 0.70 0.00 0.71 3.07 0.73 6.23 0.74 9.44 

Node-32 -4.75 0.70 0.00 0.71 3.08 0.73 6.24 0.74 9.45 

Node-33 -7.75 0.70 0.00 0.71 3.07 0.72 6.19 0.74 9.38 
Node-34 -8.25 0.69 0.00 0.70 3.01 0.72 6.10 0.74 9.31 

Node-35 -8.75 0.69 0.00 0.70 3.04 0.72 6.14 0.74 9.35 
Node-36 -9.25 0.65 0.00 0.67 2.89 0.68 5.84 0.70 8.89 
Node-37 -9.50 0.66 0.00 0.68 2.92 0.69 5.93 0.71 9.01 

Node-38 -9.75 0.67 0.00 0.68 2.93 0.69 5.94 0.72 9.04 
Node-39 -10.25 0.65 0.00 0.66 2.87 0.68 5.80 0.70 8.83 
Node-40 -10.75 0.62 0.00 0.63 2.73 0.64 5.50 0.66 8.34 

Node-41 -13.75 0.59 0.00 0.60 2.59 0.61 5.23 0.62 7.93 
Node-42 -14.25 0.59 0.00 0.60 2.58 0.61 5.23 0.62 7.92 

Node-43 -14.75 0.57 0.00 0.58 2.52 0.59 5.09 0.61 7.71 

Node-44 -15.25 0.56 0.00 0.57 2.45 0.58 4.95 0.59 7.51 

Node-45 -15.50 0.53 0.00 0.54 2.35 0.55 4.74 0.57 7.19 

Node-46 -15.75 0.52 0.00 0.53 2.30 0.54 4.64 0.56 7.04 

Node-47 -16.25 0.50 0.00 0.51 2.18 0.51 4.40 0.53 6.67 

Node-48 -16.75 0.49 0.00 0.50 2.15 0.50 4.31 0.51 6.53 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 43. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(0-150 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) continued 

Node 0 EFPDs 50 EFPDs 100 EFPDs 150 EFPDs 
mid-point 

Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 
or to core Flux Fluence Flux Fluence Flux FJuence Flux Fluence 

NodelD center x1 014 x1020 X1014 x1 020 X1014 x1020 x1 014 x1020 

(in) (n/cm2sec) ln/cm2) Iln/cm2sec) ln/cm2) ln/cm2sec) ln/cm2) Iln/cm2sec) (n/cm2) 

Stack-3 
Node-49 16.25 0.43 0.00 0.43 1.87 0.44 3.76 0.44 5.67 
Node-50 15.75 0.46 0.00 0.46 2.00 0.47 4.03 0.48 6.08 
Node-51 15.25 0.47 0.00 0.47 2.04 0.48 4.12 0.49 6.23 
Node-52 14.75 0.48 0.00 0.48 2.09 0.49 4.22 0.50 6.39 
Node-53 14.50 0.51 0.00 0.51 2.21 0.52 4.47 0.53 6.75 
Node-54 14.25 0.50 0.00 0.51 2.19 0.52 4.42 0.53 6.70 
Node-55 13.75 0.52 0.00 0.53 2.28 0.54 4.59 0.55 6.95 
Node-56 13.25 0.54 0.00 0.55 2.36 0.55 4.73 0.55 7.12 

Node-57 10.25 0.60 0.00 0.61 2.64 0.62 5.32 0.64 8.07 
Node-58 9.75 0.62 0.00 0.63 2.73 0.64 5.51 0.66 8.37 
Node-59 9.25 0.61 0.00 0.62 2.68 0.63 5.42 0.65 8.22 

Node-60 8.75 0.63 0.00 0.64 2.76 0.65 5.57 0.67 8.44 

Node-61 8.50 0.62 0.00 0.63 2.72 0.65 5.50 0.66 8.35 
Node-62 8.25 0.64 0.00 0.65 2.82 0.67 5.70 0.69 8.66 
Node-63 7.75 0.66 0.00 0.67 2.89 0.68 5.84 0.70 8.86 
Node-64 7.25 0.66 0.00 0.67 2.88 0.68 5.81 0.69 8.79 

Node-65 4.25 0.70 0.00 0.72 3.09 0.73 6.25 0.74 9.46 

Node-66 3.75 0.70 0.00 0.72 3.09 0.73 6.25 0.75 9.50 
Node-67 3.25 0.71 0.00 0.72 3.10 0.74 6.29 0.76 9.56 
Node-68 2.75 0.71 0.00 0.72 3.11 0.74 6.29 0.76 9.59 
Node-69 2.50 0.72 0.00 0.74 3.19 0.75 6.44 0.77 9.78 
Node- 70 2.25 0.71 0.00 0.73 3.14 0.74 6.35 0.77 9.65 
Node-71 1.75 0.72 0.00 0.74 3.19 0.75 6.45 0.78 9.80 
Node-72 1.25 0.71 0.00 0.72 3.12 0.73 6.28 0.75 9.51 

Node-73 -1.75 0.72 0.00 0.73 3.15 0.74 6.34 0.76 9.62 
Node-74 -2.25 0.72 0.00 0.73 3.17 0.75 6.40 0.77 9.73 
Node-75 -2.75 0.71 0.00 0.73 3.14 0.75 6.36 0.76 9.66 
Node-76 -3.25 0.71 0.00 0.73 3.15 0.74 6.37 0.76 9.65 
Node-77 -3.50 0.70 0.00 0.72 3.10 0.73 6.25 0.75 9.49 

Node-78 -3.75 0.70 0.00 0.71 3.07 0.73 6.21 0.74 9.42 

Node-79 -4.25 0.71 0.00 0.72 3.12 0.74 6.31 0.76 9.59 
Node-80 -4.75 0.69 0.00 0.71 3.05 0.72 6.16 0.74 9.35 
Node-81 -7.75 0.69 0.00 0.70 3.03 0.72 6.12 0.73 9.28 
Node-82 -8.25 0.69 0.00 0.71 3.05 0.73 6.19 0.74 9.38 
Node-83 -8.75 0.69 0.00 0.70 3.03 0.72 6.14 0.74 9.34 
Node-84 -9.25 0.66 0.00 0.67 2.90 0.69 5.88 0.71 8.95 
Node-85 -9.50 0.68 0.00 0.69 3.00 0.71 6.05 0.73 9.19 
Node-86 -9.75 0.66 0.00 0.68 2.93 0.69 5.92 0.71 8.99 
Node-87 -10.25 0.66 0.00 0.67 2.91 0.69 5.91 0.71 8.98 
Node-88 -10.75 0.64 0.00 0.65 2.83 0.66 5.70 0.68 8.64 
Node-89 -13.75 0.59 0.00 0.60 2.61 0.61 5.26 0.62 7.94 
Node-90 -14.25 0.59 0.00 0.60 2.60 0.61 5.24 0.63 7.95 
Node-91 -14.75 0.56 0.00 0.57 2.46 0.58 4.98 0.60 7.55 
Node-92 -15.25 0.57 0.00 0.58 2.50 0.59 5.04 0.60 7.64 
Node-93 -15.50 0.54 0.00 0.55 2.39 0.56 4.82 0.58 7.33 
Node-94 -15.75 0.53 0.00 0.54 2.33 0.55 4.69 0.56 7.13 
Node-95 -16.25 0.51 0.00 0.51 2.21 0.53 4.48 0.54 6.81 
Node-96 -16.75 0.49 0.00 0.50 2.16 0.51 4.36 0.52 6.59 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 43. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 
(0-150 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 0 EFPDs 50 EFPDs 100 EFPDs 150 EFPDs 
mid-point 

Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 
or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

NodelD center X1014 x1020 X1014 x1020 X1014 x1020 X1014 x1020 

(in) (n/cm2sec) (n/cm2) lin/cm2sec) (n/cm2) I (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-2 
Node-97 16.25 0.37 0.00 0.38 1.63 0.38 3.28 0.39 4.96 
Node-98 15.75 0.38 0.00 0.39 1.68 0.39 3.38 0.40 5.10 
Node-99 15.25 DAD 0.00 0.41 1.76 0.41 3.55 0.42 5.37 

Node-100 14.75 0.42 0.00 0.42 1.84 0.43 3.70 0.44 5.60 
Node-101 14.50 0.43 0.00 0.44 1.90 0.45 3.82 0.46 5.79 
Node-102 14.25 0.43 0.00 0.43 1.88 0.44 3.79 0.45 5.75 
Node-103 13.75 0.46 0.00 0.47 2.02 0.48 4.08 0.49 6.18 
Node-104 13.25 0.46 0.00 0.47 2.02 0.47 4.05 0.48 6.11 

Node-1 05 10.25 0.53 0.00 0.54 2.31 0.55 4.69 0.56 7.12 
Node-106 9.75 0.54 0.00 0.55 2.37 0.56 4.81 0.58 7.30 
Node-107 9.25 0.54 0.00 0.55 2.38 0.57 4.83 0.58 7.34 
Node-108 8.75 0.55 0.00 0.56 2.40 0.57 4.87 0.59 7.41 

Node-109 8.50 0.55 0.00 0.56 2.41 0.58 4.89 0.59 7.46 

Node-110 8.25 0.57 0.00 0.57 2.48 0.59 5.04 0.61 7.68 
Node-111 7.75 0.56 0.00 0.57 2.47 0.59 5.01 0.61 7.63 
Node-112 7.25 0.57 0.00 0.58 2.50 0.59 5.04 0.60 7.65 

Node-113 4.25 0.62 0.00 0.62 2.70 0.64 5.44 0.65 8.27 
Node-114 3.75 0.61 0.00 0.62 2.69 0.64 5.46 0.66 8.32 
Node-115 3.25 0.61 0.00 0.62 2.66 0.63 5.39 0.66 8.23 
Node-116 2.75 0.61 0.00 0.62 2.66 0.63 5.40 0.66 8.23 
Node-117 2.50 0.62 0.00 0.63 2.71 0.64 5.47 0.67 8.35 
Node-118 2.25 0.62 0.00 0.63 2.71 0.64 5.50 0.67 8.39 
Node-119 1.75 0.62 0.00 0.63 2.74 0.65 5.56 0.68 8.48 
Node-120 1.25 0.62 0.00 0.64 2.74 0.65 5.54 0.66 8.40 

Node-121 -1.75 0.62 0.00 0.63 2.71 0.64 5.47 0.66 8.34 
Node-122 -2.25 0.61 0.00 0.62 2.69 0.64 5A6 0.66 8.33 
Node-123 -2.75 0.63 0.00 0.64 2.76 0.65 5.58 0.68 8.51 

Node-124 -3.25 0.63 0.00 0.64 2.77 0.66 5.62 0.68 8.57 
Node-125 -3.50 0.62 0.00 0.64 2.75 0.66 5.58 0.67 8.49 
Node-126 -3.75 0.61 0.00 0.62 2.67 0.64 5.43 0.66 8.28 
Node-127 -4.25 0.61 0.00 0.63 2.71 0.64 5.49 0.66 8.35 
Node-128 -4.75 0.61 0.00 0.62 2.69 0.64 5.45 0.66 8.29 
Node-129 -7.75 0.60 0.00 0.61 2.63 0.62 5.32 0.64 8.09 
Node-130 -8.25 0.59 0.00 0.60 2.60 0.62 5.26 0.64 8.03 
Node-131 -8.75 0.61 0.00 0.63 2.70 0.64 5.47 0.67 8.35 
Node-132 -9.25 0.60 0.00 0.60 2.61 0.62 5.29 0.64 8.05 
Node-133 -9.50 0.58 0.00 0.59 2.55 0.60 5.16 0.63 7.86 
Node-134 -9.75 0.58 0.00 0.59 2.57 0.61 5.19 0.63 7.90 
Node-135 -10.25 0.57 0.00 0.58 2.53 0.60 5.12 0.62 7.80 
Node-136 -10.75 0.55 0.00 0.56 2.42 0.57 4.89 0.59 7.44 
Node-137 -13.75 0.53 0.00 0.54 2.32 0.55 4.69 0.56 7.10 
Node-138 -14.25 0.50 0.00 0.51 2.20 0.52 4.47 0.54 6.80 
Node-139 -14.75 0.49 0.00 0.50 2.15 0.51 4.37 0.53 6.66 
Node-140 -15.25 0.50 0.00 0.50 2.18 0.52 4.43 0.53 6.74 
Node-141 -15.50 0.48 0.00 0.48 2.09 0.50 4.23 0.51 6.43 
Node-142 -15.75 0.45 0.00 0.46 2.00 0.48 4.05 0.49 6.15 
Node-143 -16.25 0.44 0.00 0.45 1.94 0.46 3.91 0.47 5.94 
Node-144 -16.75 0.43 0.00 0.43 1.88 0.44 3.79 0.45 5.75 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 44. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 
(200-350 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) 

Node 200 EFPDs 250 EFPDs 300 EFPDs 350 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 
NodelD center X1014 x1020 X1014 x1020 X1014 x1020 X1014 x1 020 

(in) ICn/cm2sec) (n/cm2) I/n/cm2sec) ln/cm2) Iln/cm2sec) ln/cm2) Iln/cm2sec) (n/cm2) 

Stack-1 
Node-1 16.25 0.44 7.46 0.44 9.38 0.44 11.30 0.44 13.22 

Node-2 15.75 0.47 7.87 0.48 9.93 0.48 12.00 0.48 14.06 

Node-3 15.25 0.49 8.22 0.50 10.36 0.50 12.51 0.50 14.67 

Node-4 14.75 0.51 8.60 0.52 10.83 0.52 13.07 0.52 15.32 

Node-5 14.50 0.53 8.93 0.54 11.27 0.55 13.63 0.55 15.99 

Node-6 14.25 0.53 8.97 0.54 11.31 0.55 13.67 0.54 16.02 

Node-7 13.75 0.54 9.03 0.55 11.40 0.55 13.79 0.55 16.15 

Node-8 13.25 0.56 9.58 0.57 12.05 0.57 14.54 0.57 16.99 

Node-9 10.25 0.63 10.64 0.64 13.39 0.63 16.12 0.63 18.84 

Node-10 9.75 0.65 10.94 0.66 13.79 0.66 16.63 0.65 19.46 
Node-11 9.25 0.66 10.99 0.67 13.88 0.67 16.77 0.66 19.63 

Node-12 8.75 0.68 11.23 0.69 14.20 0.68 17.15 0.67 20.06 
Node-13 8.50 0.69 11.50 0.70 14.53 0.70 17.56 0.69 20.56 
Node-14 8.25 0.69 11.61 0.70 14.64 0.70 17.67 0.69 20.63 
Node-15 7.75 0.72 11.97 0.72 15.09 0.72 18.18 0.70 21.20 
Node-16 7.25 0.70 11.86 0.70 14.89 0.70 17.91 0.68 20.87 

Node-17 4.25 0.75 12.66 0.75 15.91 0.74 19.09 0.72 22.20 
Node-18 3.75 0.76 12.75 0.77 16.06 0.76 19.33 0.74 22.53 

Node-19 3.25 0.78 13.04 0.79 16.45 0.78 19.82 0.76 23.10 
Node-20 2.75 0.77 12.74 0.77 16.08 0.76 19.39 0.75 22.62 
Node-21 2.50 0.77 12.85 0.78 16.24 0.77 19.56 0.76 22.83 
Node-22 2.25 0.77 12.71 0.77 16.03 0.76 19.32 0.74 22.54 
Node-23 1.75 0.76 12.68 0.77 16.00 0.75 19.24 0.73 22.41 

Node-24 1.25 0.76 12.82 0.76 16.09 0.75 19.31 0.73 22.46 

Node-25 -1.75 0.75 12.64 0.75 15.88 0.74 19.06 0.73 22.20 

Node-26 -2.25 0.78 12.93 0.77 16.27 0.76 19.56 0.74 22.76 
Node-27 -2.75 0.79 13.04 0.79 16.44 0.78 19.80 0.76 23.09 
Node-28 -3.25 0.78 12.87 0.78 16.26 0.78 19.61 0.75 22.87 
Node-29 -3.50 0.79 13.08 0.80 16.52 0.78 19.90 0.76 23.21 

Node-30 -3.75 0.76 12.64 0.78 16.01 0.77 19.33 0,75 22.55 
Node-31 -4.25 0.76 12.72 0.77 16.06 0.76 19.35 0.74 22.56 
Node-32 -4.75 0.75 12.69 0.75 15.95 0.74 19.14 0.72 22.27 

Node-33 -7.75 0.75 12.60 0.74 15.82 0.74 19.00 0.72 22.11 
Node-34 -8.25 0.76 12.59 0.76 15.86 0.75 19.10 0.73 22.25 
Node-35 -8.75 0.76 12.63 0.77 15.94 0.76 19.23 0.74 22.44 
Node-36 -9.25 0.73 12.02 0.73 15.19 0.73 18.34 0.71 21.42 
Node-37 -9.50 0.73 12.17 0.74 15.36 0.74 18.53 0.72 21.64 
Node-38 -9.75 0.74 12.22 0.74 15.42 0.74 18.62 0.72 21.75 
Node-39 -10.25 0.71 11.91 0.72 15.01 0.71 18.09 0.69 21.09 
Node-40 -10.75 0.67 11.22 0.67 14.12 0.66 16.98 0.65 19.79 

Node-41 -13.75 0.62 10.62 0.63 13.32 0.62 15.99 0.61 18.61 
Node-42 -14.25 0.64 10.67 0.63 13.39 0.63 16.11 0.62 18.77 
Node-43 -14.75 0.62 10.40 0.62 13.09 0.62 15.78 0.61 18.43 
Node-44 -15.25 0.61 10.14 0.61 12.76 0.61 15.39 0.60 17.96 
Node-45 -15.50 0.57 9.67 0.58 12.16 0.58 14.67 0.57 17.11 

Node-46 -15.75 0.57 9.51 0.58 12.00 0.58 14.50 0.57 16.96 
Node-47 -16.25 0.54 8.99 0.54 11.33 0.54 13.67 0.53 15.98 
Node-48 -16.75 0.52 8.77 0.52 11.04 0.52 13.28 0.51 15.51 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 44. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 
(200-350 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 200 EFPDs 250 EFPDs 300 EFPDs 350 EFPDs 
mid-point 

Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 
or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

NodelD center X1014 x1 020 x1 014 x1 020 X1014 x1 020 x1 014 x1020 
(in) n/cm2sec) (n/cm2) ln/cm2sec) Cn/cm2) ICn/cm2sec) (n/cm2) Cn/cm2sec) Cn/cm2) 

Stack-3 
Node-49 16.25 0.45 7.61 0.45 9.57 0.45 11.53 0.46 13.49 
Node-50 15.75 0.48 8.16 0.49 10.29 0.50 12.44 0.50 14.60 
Node-51 15.25 0.50 8.38 0.51 10.57 0.51 12.78 0.51 15.00 
Node-52 14.75 0.51 8.58 0.52 10.81 0.52 13.04 0.52 15.27 
Node-53 14.50 0.54 9.07 0.55 11.43 0.55 13.81 0.55 16.20 
Node-54 14.25 0.54 9.02 0.55 11.37 0.55 13.76 0.55 16.14 
Node-55 13.75 0.55 9.35 0.56 11.77 0.57 14.22 0.57 16.67 
Node-56 13.25 0.56 9.55 0.57 12.01 0.57 14.46 0.57 16.91 
Node-57 10.25 0.64 10.85 0.65 13.66 0.65 16.47 0.64 19.25 
Node-58 9.75 0.67 11.27 0.68 14.19 0.68 17.12 0.67 20.02 
Node-59 9.25 0.66 11.07 0.67 13.98 0.67 16.88 0.67 19.76 
Node-60 8.75 0.68 11.38 0.69 14.37 0.69 17.37 0.69 20.34 
Node-61 8.50 0.68 11.28 0.68 14.23 0.69 17.19 0.67 20.10 
Node-62 8.25 0.70 11.70 0.71 14.75 0.70 17.79 0.69 20.77 
Node-63 7.75 0.72 11.96 0.72 15.06 0.72 18.16 0.70 21.20 
Node-64 7.25 0.70 11.82 0.70 14.85 0.70 17.86 0.68 20.82 
Node-65 4.25 0.75 12.70 0.75 15.95 0.74 19.14 0.73 22.28 
Node-66 3.75 0.77 12.82 0.78 16.18 0.77 19.50 0.75 22.75 
Node-67 3.25 0.78 12.92 0.79 16.33 0.78 19.68 0.76 22.95 
Node-68 2.75 0.79 12.99 0.80 16.43 0.79 19.83 0.77 23.16 
Node-69 2.50 0.80 13.23 0.81 16.73 0.80 20.19 0.78 23.55 
Node-70 2.25 0.78 13.03 0.79 16.44 0.78 19.82 0.76 23.10 
Node-71 1.75 0.80 13.26 0.80 16.73 0.79 20.14 0.77 23.48 
Node-72 1.25 0.76 12.78 0.76 16.05 0.75 19.28 0.73 22.44 
Node-73 -1.75 0.77 12.93 0.77 16.26 0.76 19.54 0.75 22.77 
Node-74 -2.25 0.78 13.11 0.79 16.52 0.78 19.88 0.76 23.16 
Node-75 -2.75 0.78 13.04 0.79 16.47 0.78 19.83 0.76 23.13 
Node-76 -3.25 0.78 13.02 0.79 16.45 0.79 19.86 0.77 23.19 
Node-77 -3.50 0.77 12.82 0.79 16.22 0.78 19.59 0.76 22.87 
Node-78 -3.75 0.76 12.72 0.77 16.06 0.77 19.37 0.75 22.60 
Node-79 -4.25 0.78 12.95 0.79 16.34 0.77 19.68 0.76 22.95 
Node-80 -4.75 0.74 12.56 0.74 15.77 0.73 18.93 0.72 22.02 
Node-81 -7.75 0.74 12.48 0.74 15.67 0.73 18.82 0.72 21.92 
Node-82 -8.25 0.75 12.64 0.75 15.90 0.75 19.12 0.73 22.29 
Node-83 -8.75 0.76 12.61 0.76 15.89 0.75 19.14 0.74 22.32 
Node-84 -9.25 0.72 12.08 0.73 15.24 0.73 18.38 0.72 21.47 
Node-85 -9.50 0.75 12.41 0.75 15.67 0.75 18.91 0.74 22.10 
Node-86 -9.75 0.73 12.14 0.74 15.33 0.73 18.50 0.72 21.60 
Node-87 -10.25 0.72 12.08 0.73 15.22 0.72 18.32 0.70 21.37 
Node-88 -10.75 0.69 11.61 0.69 14.61 0.69 17.58 0.68 20.50 
Node-89 -13.75 0.63 10.66 0.63 13.37 0.62 16.05 0.61 18.68 
Node-90 -14.25 0.64 10.72 0.64 13.50 0.63 16.22 0.62 18.90 
Node-91 -14.75 0.61 10.21 0.62 12.87 0.61 15.51 0.60 18.11 
Node-92 -15.25 0.62 10.32 0.62 13.00 0.62 15.69 0.61 18.31 
Node-93 -15.50 0.59 9.89 0.60 12.47 0.60 15.05 0.59 17.59 
Node-94 -15.75 0.58 9.61 0.58 12.13 0.59 14.66 0.58 17.15 
Node-95 -16.25 0.55 9.17 0.55 11.56 0.55 13.95 0.54 16.30 
Node-96 -16.75 0.52 8.83 0.52 11.06 0.52 13.31 0.52 15.54 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 44. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 
(200-350 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 200 EFPDs 250 EFPDs 300 EFPDs 350 EFPDs 
mid-point 

Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 
or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

Node ID center X1014 x1 020 x1 014 x1 020 X1014 x1020 x1 014 x1 020 

(in) (nlcm2sec) (n/cm2) n/cm2sec) (n/cm2) lin/cm2sec) (n/cm2) (n/cm2sec) Cn/cm2) 

Stack-2 
Node-97 16.25 0.39 6.65 0040 8.38 0.40 10.12 0040 11.86 
Node-98 15.75 0.41 6.85 0.42 8.65 0.42 10.49 0.42 12.32 
Node-99 15.25 0.43 7.24 0.44 9.16 0.45 11.11 0.45 13.07 
Node-100 14.75 0.45 7.55 0.46 9.53 0.46 11.53 0.47 13.56 
Node-101 14.50 0.47 7.80 0048 9.87 0.49 11.97 0.49 14.10 
Node-102 14.25 0.46 7.76 0.47 9.81 0.48 11.90 0.49 14.00 
Node-103 13.75 0.50 8.33 0.51 10.51 0.51 12.72 0.51 14.94 
Node-104 13.25 0.48 8.20 0.49 10.32 0.50 12.47 0.49 14.60 
Node-105 10.25 0.57 9.60 0.58 12.09 0.58 14.60 0.58 17.09 
Node-106 9.75 0.59 9.86 0.60 12.46 0.60 15.07 0.59 17.64 
Node-107 9.25 0.60 9.92 0.61 12.56 0.62 15.22 0.61 17.85 
Node-108 8.75 0.60 10.01 0.62 12.70 0.62 15.40 0.62 18.08 
Node-109 8.50 0.61 10.08 0.62 12.76 0.62 15.46 0.61 18.12 
Node-110 8.25 0.63 10.39 0.64 13.17 0.64 15.95 0.63 18.69 
Node-111 7.75 0.62 10.33 0.63 13.06 0.64 15.80 0.63 18.50 
Node-112 7.25 0.61 10.30 0.62 13.00 0.62 15.68 0.61 18.33 
Node-113 4.25 0.67 11.17 0.68 14.10 0.67 16.99 0.66 19.82 
Node-114 3.75 0.68 11.27 0.69 14.27 0.69 17.23 0.67 20.14 
Node-115 3.25 0.67 11.14 0.69 14.11 0.69 17.09 0.68 20.00 
Node-116 2.75 0.68 11.17 0.69 14.16 0.69 17.13 0.67 20.04 
Node-117 2.50 0.69 11.35 0.71 14.41 0.70 17.45 0.69 20.41 
Node-118 2.25 0.69 11.35 0.70 14.39 0.70 17.41 0.69 20.37 
Node-119 1.75 0.69 11.47 0.71 14.51 0.70 17.54 0.68 20.49 
Node-120 1.25 0.68 11.35 0.69 14.33 0.68 17.26 0.66 20.12 
Node-121 -1.75 0.68 11.26 0.68 14.20 0.67 17.11 0.66 19.98 
Node-122 -2.25 0.69 11.29 0.69 14.28 0.69 17.26 0.67 20.18 
Node-123 -2.75 0.70 11.55 0.72 14.65 0.71 17.73 0.70 20.73 
Node-124 -3.25 0.71 11.63 0.72 14.74 0.71 17.83 0.70 20.86 
Node-125 -3.50 0.70 11.51 0.72 14.60 0.71 17.67 0.70 20.68 
Node-126 -3.75 0.69 11.25 0.70 14.27 0.69 17.25 0.67 20.16 
Node-127 -4.25 0.68 11.30 0.70 14.32 0.69 17.29 0.67 20.19 
Node-128 -4.75 0.67 11.18 0.67 14.09 0.67 16.97 0.65 19.80 
Node-129 -7.75 0.65 10.92 0.66 13.75 0.65 16.55 0.63 19.29 
Node-130 -8.25 0.67 10.91 0.67 13.80 0.66 16.66 0.65 19.45 
Node-131 -8.75 0.69 11.34 0.69 14.34 0.69 17.32 0.67 20.24 
Node-132 -9.25 0.66 10.90 0.67 13.79 0.67 16.68 0.66 19.54 
Node-133 -9.50 0.65 10.65 0.66 13.51 0.66 16.38 0.65 19.19 
Node-134 -9.75 0.65 10.72 0.67 13.60 0.67 16.49 0.66 19.33 
Node-135 -10.25 0.64 10.56 0.65 13.37 0.65 16.17 0.63 18.91 
Node-136 -10.75 0.61 10.06 0.62 12.73 0.61 15.37 0.60 17.94 
Node-137 -13.75 0.57 9.55 0.57 12.00 0.57 14.45 0.56 16.85 
Node-138 -14.25 0.55 9.19 0.56 11.61 0.55 14.00 0.54 16.35 
Node-139 -14.75 0.54 9.00 0.55 11.36 0.55 13.73 0.54 16.06 
Node-140 -15.25 0.55 9.12 0.56 11.52 0.56 13.94 0.55 16.33 
Node-141 -15.50 0.53 8.70 0.53 11.00 0.54 13.34 0.53 15.65 
Node-142 -15.75 0.50 8.31 0.51 10.52 0.52 12.75 0.51 14.96 
Node-143 -16.25 0.48 8.03 0.49 10.13 0.49 12.26 0.49 14.36 
Node-144 -16.75 0.46 7.75 0.47 9.77 0.47 11.81 0.47 13.82 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

NodelD center x1 014 x1020 x1 014 x1 020 X1014 x1020 X1014 x1020 

(in) (n/cm2sec) (n/cm2) n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 
. 

(n/cm2sec) (n/cm2) 

Stack-1 
Node-1 16.25 0.45 15.16 0.44 17.08 0.44 18.98 0.43 20.85 

Node-2 15.75 0.48 16.12 0.47 18.14 0.46 20.14 0.46 22.12 

Node-3 15.25 0.49 16.80 0.49 18.91 0.48 20.97 0.47 23.01 

Node-4 14.75 0.52 17.55 0.51 19.75 0.50 21.91 0.49 24.03 

Node-5 14.50 0.54 18.32 0.53 20.60 0.52 22.86 0.51 25.08 

Node-6 14.25 0.54 18.37 0.53 20.67 0.52 22.94 0.52 25.17 

Node-7 13.75 0.55 18.51 0.54 20.83 0.53 23.11 0.52 25.35 

Node-8 13.25 0.56 19.42 0.55 21.82 0.55 24.19 0.54 26.52 

Node-9 10.25 0.62 21.50 0.61 24.12 0.60 26.71 0.59 29.26 

Node-10 9.75 0.64 22.22 0.63 24.94 0.62 27.61 0.61 30.25 

Node-11 9.25 0.65 22.43 0.63 25.16 0.62 27.85 0.61 30.49 

Node-12 8.75 0.66 22.92 0.65 25.71 0.64 28.46 0.62 31.16 

Node-1 3 8.50 0.68 23.50 0.67 26.37 0.65 29.20 0.64 31.97 

Node-14 8.25 0.67 23.55 0.66 26.40 0.65 29.20 0.64 31.96 

Node-15 7.75 0.69 24.17 0.67 27.07 0.66 29.92 0.65 32.72 

Node-16 7.25 0.67 23.76 0.66 26.59 0.65 29.39 0.64 32.15 

Node-17 4.25 0.71 25.25 0.70 28.26 0.69 31.23 0.68 34.17 

Node-18 3.75 0.72 25.65 0.71 28.70 0.70 31.71 0.69 34.67 

Node-19 3.25 0.74 26.31 0.73 29.45 0.71 32.54 0.70 35.58 

Node-20 2.75 0.73 25.76 0.71 28.84 0.70 31.87 0.69 34.84 

Node-21 2.50 0.74 26.01 0.72 29.12 0.71 32.18 0.70 35.19 

Node-22 2.25 0.73 25.67 0.71 28.73 0.70 31.74 0.68 34.70 

Node-23 1.75 0.72 25.53 0.71 28.58 0.70 31.59 0.69 34.55 

Node-24 1.25 0.72 25.59 0.71 28.66 0.70 31.68 0.69 34.68 

Node-25 -1.75 0.71 25.28 0.70 28.29 0.69 31.28 0.68 34.24 

Node-26 -2.25 0.72 25.87 0.71 28.93 0.70 31.93 0.69 34.91 

Node-27 -2.75 0.74 26.30 0.73 29.46 0.72 32.57 0.71 35.63 

Node-28 -3.25 0.74 26.06 0.72 29.18 0.71 32.25 0.70 35.27 

Node-29 -3.50 0.75 26.44 0.73 29.59 0.72 32.70 0.71 35.77 

Node-30 -3.75 0.72 25.68 0.71 28.74 0.70 31.75 0.69 34.73 

Node-31 -4.25 0.72 25.67 0.71 28.73 0.70 31.73 0.69 34.71 

Node-32 -4.75 0.71 25.32 0.70 28.33 0.69 31.30 0.68 34.25 

Node-33 -7.75 0.70 25.14 0.69 28.12 0.68 31.07 0.68 33.99 

Node-34 -8.25 0.72 25.35 0.70 28.37 0.69 31.36 0.68 34.31 

Node-35 -8.75 0.72 25.56 0.71 28.63 0.70 31.65 0.69 34.63 

Node-36 -9.25 0.69 24.41 0.68 27.35 0.67 30.25 0.66 33.11 

Node-37 -9.50 0.70 24.67 0.69 27.65 0.68 30.57 0.67 33.44 

Node-38 -9.75 0.71 24.81 0.69 27.80 0.68 30.73 0.67 33.61 

Node-39 -10.25 0.68 24.02 0.67 26.91 0.66 29.76 0.65 32.57 

Node-40 -10.75 0.64 22.54 0.63 25.24 0.62 27.91 0.61 30.54 

Node-41 -13.75 0.60 21.18 0.59 23.73 0.58 26.24 0.57 28.72 

Node-42 -14.25 0.61 21.39 0.60 23.97 0.59 26.51 0.58 29.00 

Node-43 -14.75 0.60 21.04 0.59 23.59 0.58 26.11 0.57 28.58 

Node-44 -15.25 0.59 20.50 0.58 23.00 0.57 25.45 0.56 27.87 

Node-45 -15.50 0.56 19.52 0.55 21.89 0.54 24.21 0.53 26.51 

Node-46 -15.75 0.56 19.37 0.55 21.73 0.54 24.05 0.53 26.34 

Node-47 -16.25 0.52 18.24 0.51 20.46 0.50 22.63 0.50 24.78 

Node-48 -16.75 0.51 17.70 0.50 19.85 0.49 21.96 0.48 24.05 

Table 45. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(400-550 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 45. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(400-550 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

NodelD center 
X1014 x1020 X1014 x1020 X1014 x1020 X1014 x1 020 

(in) (n/cm2sec) (n/cm2) n/cm2sec) (n/cm2) n/cm2sec) (n/cm2) I (n/cm2sec) (n/cm2) 

Stack-3 
Node-49 16.25 0.45 15.44 0.45 17.37 0.44 19.29 0.44 21.19 

Node-50 15.75 0.49 16.72 0.49 18.84 0.48 20.93 0.48 23.00 

Node-51 15.25 0.51 17.18 0.50 19.35 0.49 21 .48 0.49 23.60 

Node-52 14.75 0.51 17.49 0.51 19.69 0.50 21.86 0.49 23.99 

Node-53 14.50 0.55 18.57 0.54 20.91 0.53 23.22 0.53 25.49 

Node-54 14.25 0.55 18.52 0.54 20.86 0.53 23.17 0.53 25.44 

Node-55 13.75 0.56 19.11 0.56 21.52 0.55 23.90 0.54 26.25 

Node-56 13.25 0.56 19.33 0.55 21.72 0.55 24.08 0.54 26.42 

Node-57 10.25 0.63 21.97 0.62 24.66 0.61 27.31 0.61 29.92 

Node-58 9.75 0.65 22.85 0.64 25.62 0.63 28.35 0.62 31.05 

Node-59 9.25 0.65 22.59 0.64 25.37 0.63 28.11 0.62 30.80 

Node-60 8.75 0.68 23.27 0.67 26.15 0.65 28.98 0.64 31.75 

Node-61 8.50 0.66 22.95 0.65 25.75 0.64 28.51 0.63 31.22 

Node-62 8.25 0.68 23.69 0.66 26.55 0.65 29.36 0.65 32.15 

Node-63 7.75 0.69 24.17 0.67 27.07 0.66 29.92 0.65 32.75 

Node-64 7.25 0.67 23.73 0.66 26.58 0.65 29.41 0.65 32.22 

Node-65 4.25 0.72 25.37 0.70 28.40 0.69 31.40 0.69 34.36 

Node-66 3.75 0.74 25.93 0.72 29.04 0.71 32.10 0.70 35.14 

Node-67 3.25 0.74 26.15 0.72 29.27 0.71 32.35 0.70 35.39 

Node-68 2.75 0.75 26.42 0.74 29.60 0.72 32.73 0.71 35.79 

Node-69 2.50 0.76 26.82 0.74 30.04 0.73 33.19 0.72 36.29 

Node-70 2.25 0.74 26.32 0.73 29.47 0.72 32.58 0.71 35.65 

Node-71 1.75 0.75 26.74 0.74 29.92 0.73 33.07 0.72 36.19 

Node-72 1.25 0.72 25.53 0.71 28.58 0.70 31.59 0.69 34.58 

Node-73 -1.75 0.73 25.93 0.72 29.05 0.71 32.12 0.71 35.17 

Node-74 -2.25 0.74 26.37 0.73 29.52 0.72 32.62 0.71 35.69 

Node-75 -2.75 0.75 26.36 0.73 29.52 0.72 32.63 0.71 35.68 

Node-76 -3.25 0.75 26.45 0.74 29.63 0.72 32.76 0.71 35.83 

Node-77 -3.50 0.74 26.08 0.72 29.21 0.71 32.28 0.70 35.31 

Node-78 -3.75 0.73 25.76 0.72 28.85 0.70 31.90 0.69 34.89 

Node-79 -4.25 0.74 26.14 0.72 29.27 0.71 32.34 0.71 35.39 

Node-80 -4.75 0.70 25.06 0.69 28.05 0.68 30.99 0.68 33.91 

Node-81 -7.75 0.70 24.96 0.69 27.95 0.69 30.91 0.68 33.85 

Node-82 -8.25 0.72 25.38 0.70 28.42 0.70 31.43 0.69 34.40 

Node-83 -8.75 0.72 25.44 0.71 28.50 0.70 31.52 0.69 34.48 

Node-84 -9.25 0.70 24.49 0.69 27.45 0.67 30.36 0.66 33.22 

Node-85 -9.50 0.72 25.22 0.71 28.27 0.70 31.28 0.68 34.22 

Node-86 -9.75 0.70 24.64 0.69 27.61 0.67 30.51 0.66 33.37 

Node-87 -10.25 0.69 24.34 0.67 27.26 0.66 30.11 0.65 32.93 

Node-88 -10.75 0.66 23.35 0.65 26.15 0.64 28.91 0.63 31.64 

Node-89 -13.75 0.60 21.28 0.59 23.84 0.59 26.38 0.58 28.89 

Node-90 -14.25 0.61 21.53 0.60 24.11 0.59 26.64 0.58 29.15 

Node-91 -14.75 0.60 20.68 0.58 23.20 0.57 25.68 0.56 28.11 

Node-92 -15.25 0.60 20.90 0.59 23.44 0.58 25.95 0.57 28.42 

Node-93 -15.50 0.58 20.08 0.57 22.53 0.56 24.94 0.55 27.32 

Node-94 -15.75 0.57 19.59 0.55 21.98 0.54 24.33 0.54 26.65 

Node-95 -16.25 0.53 18.60 0.52 20.85 0.51 23.06 0.51 25.24 

Node-96 -16.75 0.51 17.72 0.50 19.87 0.49 21.98 0.48 24.08 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 45. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(400-550 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 400 EFPDs 450 EFPDs 500 EFPDs 550 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence Flux Fluence 

Node ID center 
X1014 x1020 x1 014 x1020 X1014 x1 020 x1 014 x1020 

(in) (n/cm2sec) (n/cm2) n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-2 
Node-97 16.25 0.40 13.60 0.40 15.33 0.40 17.05 0.39 18.74 

Node-98 15.75 0.43 14.16 0.42 15.97 0.41 17.75 0.41 19.51 

Node-99 15.25 0.45 15.00 0.45 16.93 0.44 18.81 0.43 20.68 

Node-100 14.75 0.47 15.57 0.46 17.57 0.45 19.53 0.45 21.47 

Node-101 14.50 0.49 16.22 0.48 18.31 0.47 20.36 0.47 22.38 

Node-102 14.25 0.49 16.10 0.48 18.16 0.47 20.19 0.46 22.18 

Node-103 13.75 0.51 17.13 0.50 19.30 0.49 21.44 0.48 23.53 

Node-104 13.25 0.49 16.72 0.49 18.82 0.48 20.89 0.48 22.95 

Node-105 10.25 0.57 19.54 0.56 21.94 0.55 24.31 0.54 26.64 

Node-1 06 9.75 0.58 20.16 0.58 22.65 0.57 25.09 0.56 27.49 

Node-107 9.25 0.60 20.43 0.59 22.96 0.58 25.46 0.57 27.92 

Node-1 08 8.75 0.61 20.73 0.60 23.33 0.59 25.87 0.58 28.38 

Node-1 09 8.50 0.60 20.73 0.59 23.28 0.58 25.79 0.57 28.28 

Node-110 8.25 0.62 21.37 0.61 24.00 0.60 26.59 0.59 29.14 

Node-111 7.75 0.61 21.15 0.60 23.74 0.59 26.29 0.58 28.79 

Node-112 7.25 0.60 20.92 0.59 23.47 0.58 26.00 0.58 28.49 

Node-113 4.25 0.64 22.60 0.64 25.36 0.63 28.08 0.62 30.77 

Node-114 3.75 0.66 23.00 0.65 25.79 0.63 28.53 0.63 31.24 

Node-115 3.25 0.66 22.84 0.64 25.62 0.63 28.36 0.63 31.07 

Node-116 2.75 0.65 22.85 0.64 25.62 0.63 28.32 0.62 31.00 

Node-117 2.50 0.67 23.29 0.65 26.12 0.64 28.89 0.63 31.61 

Node-118 2.25 0.67 23.26 0.65 26.07 0.64 28.83 0.63 31.56 

Node-119 1.75 0.67 23.38 0.65 26.21 0.64 28.98 0.63 31.72 

Node-120 1.25 0.65 22.94 0.64 25.70 0.63 28.42 0.62 31.11 

Node-121 -1.75 0.65 22.77 0.64 25.53 0.62 28.23 0.62 30.89 

Node-122 -2.25 0.66 23.01 0.64 25.79 0.63 28.50 0.62 31.18 

Node-123 -2.75 0.68 23.66 0.66 26.52 0.65 29.32 0.64 32.07 

Node-124 -3.25 0.68 23.80 0.66 26.67 0.66 29.50 0.65 32.30 

Node-125 -3.50 0.68 23.61 0.66 26.48 0.65 29.29 0.64 32.04 

Node-126 -3.75 0.66 23.01 0.64 25.78 0.63 28.50 0.62 31.17 

Node-127 -4.25 0.65 23.02 0.64 25.78 0.63 28.50 0.62 31.18 

Node-128 -4.75 0.64 22.56 0.63 25.29 0.62 27.96 0.61 30.60 

Node-129 -7.75 0.62 21.98 0.61 24.62 0.60 27.23 0.60 29.81 

Node-130 -8.25 0.64 22.20 0.63 24.91 0.61 27.57 0.61 30.18 

Node-131 -8.75 0.67 23.11 0.65 25.92 0.64 28.68 0.63 31.42 

Node-132 -9.25 0.65 22.34 0.63 25.08 0.62 27.76 0.61 30.41 

Node-133 -9.50 0.64 21.95 0.62 24.65 0.61 27.29 0.60 29.89 

Node-134 -9.75 0.64 22.11 0.63 24.82 0.62 27.48 0.61 30.10 

Node-135 -10.25 0.62 21.60 0.61 24.24 0.60 26.83 0.59 29.38 

Node-136 -10.75 0.59 20.47 0.57 22.96 0.57 25.41 0.56 27.81 

Node-137 -13.75 0.55 19.22 0.54 21.56 0.53 23.86 0.53 26.13 

Node-1 38 -14.25 0.54 18.66 0.53 20.94 0.52 23.17 0.51 25.38 

Node-139 -14.75 0.53 18.34 0.52 20.58 0.51 22.78 0.50 24.93 

Node-140 -15.25 0.54 18.66 0.53 20.97 0.53 23.24 0.52 25.48 

Node-141 -15.50 0.53 17.92 0.52 20.14 0.50 22.32 0.50 24.47 

Node-142 -15.75 0.50 17.14 0.50 19.28 0.49 21.39 0.48 23.47 

Node-143 -16.25 0.48 16.43 0.47 18.48 0.47 20.49 0.46 22.47 

Node-144 -16.75 0.46 15.81 0.45 17.77 0.45 19.70 0.44 21.60 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 46. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(600-700 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) 

Node 600 EFPDs 650 EFPDs 700 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence 

Node ID center x1 014 x1020 X1014 x1020 x1 014 x1020 

(in) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-1 
Node-1 16.25 0.43 22.71 0.43 24.56 0.42 26.38 

Node-2 15.75 0.45 24.08 0.45 26.01 0.44 27.92 

Node-3 15.25 0.47 25.03 0.46 27.03 0.46 29.01 

Node-4 14.75 0.49 26.13 0.48 28.21 0.47 30.26 

Node-5 14.50 0.51 27.26 0.50 29.42 0.50 31.57 

Node-6 14.25 0.51 27.38 0.51 29.56 0.50 31.71 

Node-7 13.75 0.52 27.58 0.51 29.78 0.50 31.95 

Node-8 13.25 0.54 28.84 0.53 31.14 0.53 33.42 

Node-9 10.25 0.58 31.79 0.58 34.29 0.58 36.78 

Node-10 9.75 0.60 32.85 0.60 35.43 0.59 37.98 

Node-11 9.25 0.60 33.10 0.60 35.68 0.59 38.24 

Node-12 8.75 0.61 33.81 0.61 36.44 0.60 39.03 

Node-13 8.50 0.64 34.73 0.63 37.45 0.63 40.15 

Node-14 8.25 0.63 34.68 0.63 37.39 0.62 40.08 

Node-15 7.75 0.64 35.50 0.64 38.25 0.63 41.00 

Node-16 7.25 0.63 34.89 0.63 37.61 0.63 40.32 

Node-17 4.25 0.68 37.09 0.67 39.98 0.67 42.86 

Node-18 3.75 0.68 37.60 0.67 40.51 0.67 43.39 

Node-19 3.25 0.70 38.59 0.69 41.58 0.69 44.55 

Node-20 2.75 0.68 37.78 0.68 40.71 0.68 43.63 

Node-21 2.50 0.69 38.17 0.69 41.13 0.68 44.07 

Node-22 2.25 0.68 37.62 0.67 40.52 0.67 43.40 

Node-23 1.75 0.68 37.48 0.67 40.38 0.67 43.26 

Node-24 1.25 0.69 37.64 0.68 40.60 0.68 43.53 

Node-25 -1.75 0.68 37.18 0.68 40.10 0.67 43.01 

Node-26 -2.25 0.68 37.85 0.68 40.78 0.67 43.69 

Node-27 -2.75 0.70 38.66 0.70 41.66 0.69 44.65 

Node-28 -3.25 0.69 38.26 0.69 41.23 0.68 44.17 

Node-29 -3.50 0.70 38.81 0.70 41.82 0.69 44.81 

Node-30 -3.75 0.68 37.67 0.67 40.59 0.67 43.49 

Node-31 -4.25 0.68 37.65 0.67 40.56 0.67 43.45 

Node-32 -4.75 0.68 37.17 0.67 40.08 0.67 42.96 

Node-33 -7.75 0.67 36.88 0.67 39.76 0.66 42.63 

Node-34 -8.25 0.67 37.21 0.67 40.10 0.66 42.97 

Node-35 -8.75 0.68 37.56 0.67 40.48 0.67 43.38 

Node-36 -9.25 0.65 35.92 0.65 38.71 0.64 41.47 

Node-37 -9.50 0.66 36.28 0.65 39.09 0.65 41.88 

Node-38 -9.75 0.66 36.47 0.66 39.30 0.65 42.12 

Node-39 -10.25 0.64 35.35 0.64 38.11 0.63 40.85 

Node-40 -10.75 0.60 33.15 0.60 35.73 0.59 38.30 

Node-41 -13.75 0.57 31.16 0.56 33.59 0.56 36.00 

Node-42 -14.25 0.57 31.47 0.57 33.91 0.56 36.34 

Node-43 -14.75 0.57 31.03 0.56 33.45 0.55 35.85 

Node-44 -15.25 0.55 30.26 0.55 32.62 0.54 34.97 

Node-45 -15.50 0.53 28.78 0.52 31.02 0.51 33.23 

Node-46 -15.75 0.52 28.60 0.51 30.82 0.51 33.03 

Node-47 -16.25 0.49 26.90 0.48 28.99 0.48 31.06 

Node-48 -16.75 0.48 26.11 0.47 28.16 0.47 30.19 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 46. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(600-700 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 600 EFPDs 650 EFPDs 700 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence 

NodelD center 
X1014 x1020 X1014 x1 020 x1 014 x1 020 

(in) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) n/cm2sec) (n/cm2) 

Stack-3 
Node-49 16.25 0.43 23.06 0.43 24.91 0.43 26.75 

Node-50 15.75 0.47 25.05 0.47 27.08 0.46 29.07 

Node-51 15.25 0.48 25.69 0.48 27.76 0.47 29.80 

Node-52 14.75 0.49 26.11 0.48 28.19 0.48 30.26 

Node-53 14.50 0.52 27.74 0.51 29.96 0.51 32.15 

Node-54 14.25 0.52 27.68 0.51 29.88 0.51 32.07 

Node-55 13.75 0.54 28.57 0.53 30.87 0.53 33.15 

Node-56 13.25 0.54 28.74 0.53 31.04 0.53 33.33 

Node-57 10.25 0.60 32.51 0.59 35.07 0.59 37.61 

Node-58 9.75 0.62 33.71 0.61 36.35 0.61 38.98 

Node-59 9.25 0.61 33.45 0.61 36.08 0.60 38.69 

Node-60 8.75 0.63 34.49 0.62 37.19 0.62 39.87 

Node-61 8.50 0.62 33.92 0.62 36.58 0.61 39.23 

Node-62 8.25 0.64 34.91 0.63 37.65 0.63 40.37 

Node-63 7.75 0.65 35.54 0.64 38.31 0.64 41.06 

Node-64 7.25 0.64 35.00 0.64 37.76 0.64 40.52 

Node-65 4.25 0.68 37.30 0.68 40.22 0.67 43.12 

Node-66 3.75 0.69 38.13 0.69 41.11 0.68 44.07 

Node-67 3.25 0.69 38.39 0.69 41.37 0.68 44.33 

Node-68 2.75 0.70 38.83 0.70 41.83 0.69 44.82 

Node-69 2.50 0.71 39.37 0.71 42.42 0.70 45.46 

Node-70 2.25 0.71 38.70 0.70 41.72 0.70 44.73 

Node-71 1.75 0.71 39.28 0.71 42.34 0.70 45.38 

Node-72 1.25 0.69 37.55 0.68 40.50 0.68 43.44 

Node-73 -1.75 0.70 38.21 0.70 41.23 0.70 44.23 

Node-74 -2.25 0.70 38.74 0.70 41.76 0.69 44.76 

Node-75 -2.75 0.70 38.71 0.70 41.72 0.69 44.70 

Node-76 -3.25 0.70 38.86 0.69 41.86 0.69 44.85 

Node-77 -3.50 0.69 38.29 0.68 41.24 0.68 44.18 

Node-78 -3.75 0.68 37.85 0.68 40.78 0.67 43.69 

Node-79 -4.25 0.70 38.41 0.69 41.40 0.69 44.37 

Node-80 -4.75 0.67 36.82 0.67 39.70 0.67 42.58 

Node-81 -7.75 0.68 36.76 0.67 39.66 0.67 42.56 

Node-82 -8.25 0.68 37.34 0.68 40.26 0.67 43.17 

Node-83 -8.75 0.68 37.42 0.68 40.34 0.67 43.24 

Node-84 -9.25 0.65 36.03 0.65 38.82 0.64 41.59 

Node-85 -9.50 0.67 37.13 0.67 40.02 0.66 42.88 

Node-86 -9.75 0.66 36.21 0.65 39.01 0.64 41.79 

Node-87 -10.25 0.65 35.72 0.64 38.48 0.64 41.23 

Node-88 -10.75 0.63 34.34 0.62 37.03 0.62 39.70 

Node-89 -13.75 0.58 31.38 0.57 33.86 0.57 36.32 

Node-90 -14.25 0.57 31.62 0.57 34.08 0.56 36.52 

Node-91 -14.75 0.56 30.52 0.55 32.90 0.55 35.27 

Node-92 -15.25 0.56 30.86 0.56 33.27 0.55 35.66 

Node-93 -15.50 0.54 29.67 0.54 31.98 0.53 34.29 

Node-94 -15.75 0.53 28.94 0.52 31.20 0.52 33.44 

Node-95 -16.25 0.50 27.40 0.50 29.54 0.49 31.67 

Node-96 -16.75 0.48 26.14 0.47 28.19 0.47 30.23 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 46. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(600-700 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 600 EFPDs 650 EFPDs 700 EFPDs 

mid- 
point 

Stack ID distance Fast Fast Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence Flux Fluence 

NodelD center x1 014 x1 020 X1014 x1 020 X1014 x1 020 

(in) n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-2 
Node-97 16.25 0.39 20.42 0.38 22.07 0.38 23.71 

Node-98 15.75 0.40 21.25 0.40 22.97 0.39 24.66 

Node-99 15.25 0.43 22.52 0.42 24.35 0.42 26.16 

Node-100 14.75 0.44 23.37 0.44 25.25 0.43 27.12 

Node-101 14.50 0.46 24.38 0.46 26.36 0.45 28.31 

Node-102 14.25 0.46 24.15 0.45 26.09 0.44 28.00 

Node-103 13.75 0.48 25.60 0.47 27.66 0.47 29.69 

Node-1 04 13.25 0.47 24.99 0.47 27.01 0.46 29.02 

Node-105 10.25 0.54 28.95 0.53 31.24 0.53 33.51 

Node-106 9.75 0.55 29.87 0.54 32.22 0.54 34.55 

Node-107 9.25 0.56 30.34 0.55 32.73 0.55 35.10 

Node-1 08 8.75 0.57 30.86 0.56 33.29 0.56 35.69 

Node-1 09 8.50 0.57 30.73 0.56 33.15 0.56 35.55 

Node-110 8.25 0.58 31.66 0.58 34.15 0.57 36.62 

Node-111 7.75 0.57 31.26 0.56 33.69 0.56 36.11 

Node-112 7.25 0.57 30.95 0.56 33.38 0.56 35.80 

Node-113 4.25 0.61 33.42 0.61 36.06 0.61 38.68 

Node-114 3.75 0.62 33.91 0.61 36.55 0.61 39.19 

Node-115 3.25 0.62 33.74 0.61 36.39 0.61 39.01 

Node-116 2.75 0.61 33.63 0.61 36.26 0.60 38.87 

Node-117 2.50 0.62 34.29 0.61 36.95 0.61 39.58 

Node-118 2.25 0.62 34.24 0.61 36.90 0.61 39.54 

Node-119 1.75 0.63 34.43 0.62 37.12 0.62 39.78 

Node-120 1.25 0.62 33.78 0.61 36.42 0.61 39.05 

Node-121 -1.75 0.61 33.53 0.61 36.14 0.60 38.74 

Node-122 -2.25 0.61 33.83 0.61 36.45 0.60 39.07 

Node-123 -2.75 0.63 34.78 0.62 37.47 0.62 40.13 

Node-124 -3.25 0.64 35.05 0.63 37.77 0.63 40.47 

Node-125 -3.50 0.63 34.75 0.62 37.44 0.62 40.11 

Node-126 -3.75 0.61 33.82 0.60 36.42 0.60 39.00 

Node-127 -4.25 0.61 33.84 0.61 36.46 0.60 39.06 

Node-128 -4.75 0.60 33.21 0.60 35.81 0.60 38.39 

Node-129 -7.75 0.59 32.36 0.58 34.89 0.58 37.40 

Node-130 -8.25 0.60 32.75 0.59 35.30 0.58 37.83 

Node-131 -8.75 0.62 34.12 0.62 36.78 0.61 39.40 

Node-132 -9.25 0.61 33.03 0.60 35.63 0.59 38.20 

Node-133 -9.50 0.59 32.46 0.59 35.00 0.58 37.52 

Node-134 -9.75 0.60 32.69 0.59 35.25 0.59 37.79 

Node-135 -10.25 0.58 31.91 0.58 34.40 0.57 36.88 

Node-136 -10.75 0.55 30.20 0.55 32.57 0.54 34.92 

Node-137 -13.75 0.52 28.39 0.52 30.64 0.51 32.86 

Node-138 -14.25 0.51 27.56 0.50 29.71 0.49 31.85 

Node-139 -14.75 0.49 27.06 0.49 29.17 0.48 31.26 

Node-140 -15.25 0.51 27.68 0.50 29.85 0.50 32.00 

Node-141 -15.50 0.49 26.59 0.48 28.68 0.48 30.74 

Node-142 -15.75 0.47 25.52 0.47 27.54 0.46 29.54 

Node-143 -16.25 0.45 24.42 0.45 26.35 0.44 28.26 

Node-144 -16.75 0.44 23.49 0.43 25.35 0.43 27.19 

Note: 1) Fast neutron flux for E > 0.18 MeV 



EDF-7120, Rev. 1 ENGINEERING DESIGN FILE 

Confirmatory Neutronics Analysis of the AGR-1 

Experiment Irradiated in ATR 8-10 Position 

Page 101 of 131 

Table 47. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(750-800 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) 

Node 750 EFPDs 800 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence 

NodelD center 
X1014 x1 020 X1014 x1 020 

(in) (n/cm2sec) (n/cm2) In/cm2sec) (n/cm2) 

Stack-1 
Node-1 16.25 0.42 28.18 0.42 29.98 

Node-2 15.75 0.44 29.81 0.44 31.69 

Node-3 15.25 0.46 30.97 0.45 32.93 

Node-4 14.75 0.47 32.28 0.47 34.30 

Node-5 14.50 0.49 33.69 0.49 35.80 

Node-6 14.25 0.49 33.84 0.49 35.97 

Node-7 13.75 0.50 34.11 0.49 36.24 

Node-8 13.25 0.52 35.69 0.52 37.95 

Node-9 10.25 0.57 39.26 0.57 41.72 

Node-10 9.75 0.59 40.53 0.58 43.05 

Node-11 9.25 0.59 40.78 0.59 43.32 

Node-12 8.75 0.60 41.61 0.60 44.19 

Node-13 8.50 0.62 42.83 0.62 45.49 

Node-14 8.25 0.62 42.76 0.62 45.42 

Node-15 7.75 0.63 43.72 0.63 46.43 

Node-16 7.25 0.62 43.02 0.62 45.71 

Node-17 4.25 0.66 45.73 0.66 48.60 

Node-18 3.75 0.67 46.27 0.67 49.15 

Node-19 3.25 0.68 47.51 0.68 50.45 

Node-20 2.75 0.67 46.53 0.67 49.42 

Node-21 2.50 0.68 47.00 0.68 49.92 

Node-22 2.25 0.66 46.27 0.66 49.14 

Node-23 1.75 0.66 46.13 0.66 49.00 

Node-24 1.25 0.68 46.46 0.68 49.38 

Node-25 -1.75 0.67 45.91 0.67 48.79 

Node-26 -2.25 0.67 46.59 0.67 49.47 

Node-27 -2.75 0.69 47.63 0.69 50.59 

Node-28 -3.25 0.68 47.10 0.68 50.02 

Node-29 -3.50 0.69 47.78 0.69 50.74 

Node-30 -3.75 0.67 46.37 0.66 49.24 

Node-31 -4.25 0.66 46.32 0.66 49.19 

Node-32 -4.75 0.67 45.84 0.66 48.70 

Node-33 -7.75 0.66 45.49 0.66 48.34 

Node-34 -8.25 0.66 45.81 0.66 48.65 

Node-35 -8.75 0.67 46.26 0.67 49.14 

Node-36 -9.25 0.64 44.22 0.63 46.96 

Node-37 -9.50 0.64 44.66 0.64 47.43 

Node-38 -9.75 0.65 44.92 0.65 47.72 

Node-39 -10.25 0.63 43.58 0.63 46.30 

Node-40 -10.75 0.59 40.86 0.59 43.42 

Node-41 -13.75 0.55 38.39 0.55 40.78 

Node-42 -14.25 0.56 38.75 0.56 41.16 

Node-43 -14.75 0.55 38.23 0.55 40.60 

Node-44 -15.25 0.54 37.30 0.54 39.62 

Node-45 -15.50 0.51 35.43 0.51 37.62 

Node-46 -15.75 0.51 35.21 0.50 37.39 

Node-47 -16.25 0.48 33.12 0.47 35.17 

Node-48 -16.75 0.47 32.21 0.47 34.22 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 47. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence vs. EFPD 

(750-800 days, 19.7% U-235 enriched, irradiated in ATR 8-10 position) continued 

Node 750 EFPDs 800 EFPDs 

mid-point 
Stack ID distance Fast Fast Fast Fast 

or to core Flux Fluence Flux Fluence 

Node ID center x1 014 x1020 x1 014 x1 020 

(in) (n/cm2sec) (n/cm2) I (n/cm2sec) (n/cm2) 

Stack-3 
Node-49 16.25 0.42 28.58 0.42 30.40 

Node-50 15.75 0.46 31.05 0.46 33.02 

Node-51 15.25 0.47 31.82 0.47 33.83 

Node-52 14.75 0.47 32.31 0.47 34.34 

Node-53 14.50 0.50 34.33 0.50 36.49 

Node-54 14.25 0.50 34.24 0.50 36.40 

Node-55 13.75 0.52 35.41 0.52 37.65 

Node-56 13.25 0.53 35.59 0.52 37.86 

Node-57 10.25 0.58 40.14 0.58 42.66 

Node-58 9.75 0.60 41.59 0.60 44.19 

Node-59 9.25 0.60 41.28 0.60 43.86 

Node-60 8.75 0.62 42.53 0.61 45.18 

Node-61 8.50 0.61 41.85 0.60 44.46 

Node-62 8.25 0.63 43.07 0.62 45.76 

Node-63 7.75 0.63 43.81 0.63 46.54 

Node-64 7.25 0.63 43.26 0.63 45.99 

Node-65 4.25 0.67 46.01 0.67 48.90 

Node-66 3.75 0.68 47.02 0.68 49.97 

Node-67 3.25 0.68 47.27 0.68 50.20 

Node-68 2.75 0.69 47.79 0.68 50.75 

Node-69 2.50 0.70 48.48 0.70 51.49 

Node-70 2.25 0.69 47.73 0.69 50.71 

Node-71 1.75 0.70 48.41 0.70 51 .44 

Node-72 1.25 0.68 46.37 0.68 49.30 

Node-73 -1.75 0.69 47.23 0.69 50.22 

Node-74 -2.25 0.69 47.75 0.69 50.73 

Node-75 -2.75 0.69 47.67 0.68 50.62 

Node-76 -3.25 0.69 47.82 0.69 50.78 

Node-77 -3.50 0.68 47.10 0.68 50.02 

Node-78 -3.75 0.67 46.58 0.67 49.46 

Node-79 -4.25 0.68 47.32 0.68 50.26 

Node-80 -4.75 0.66 45.45 0.66 48.31 

Node-81 -7.75 0.67 45.44 0.67 48.32 

Node-82 -8.25 0.67 46.06 0.67 48.95 

Node-83 -8.75 0.67 46.12 0.67 49.00 

Node-84 -9.25 0.64 44.35 0.64 47.10 

Node-85 -9.50 0.66 45.73 0.66 48.57 

Node-86 -9.75 0.64 44.56 0.64 47.33 

Node-87 -10.25 0.63 43.98 0.63 46.71 

Node-88 -10.75 0.61 42.35 0.61 45.00 

Node-89 -13.75 0.57 38.77 0.56 41.21 

Node-90 -14.25 0.56 38.94 0.56 41.35 

Node-91 -14.75 0.54 37.62 0.54 39.96 

Node-92 -15.25 0.55 38.04 0.55 40.42 

Node-93 -15.50 0.53 36.58 0.53 38.86 

Node-94 -15.75 0.52 35.67 0.51 37.89 

Node-95 -16.25 0.49 33.78 0.49 35.88 

Node-96 -16.75 0.47 32.26 0.47 34.28 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Table 47. AGR-1 Fuel Compact Projected Fast Flux and Fast Fluence VS. EFPO 
(750-800 days, 19.7% U-235 enriched, irradiated in ATR B-10 position) continued 

Node 750 EFPDs 800 EFPOs 
mid- 
point 

Stack 10 distance Fast Fast Fast Fast 
or to core Flux Fluence Flux Fluence 

NodelD center X1014 x1020 X1014 x1 020 

(in) (n/cm2sec) (n/cm2) (n/cm2sec) (n/cm2) 

Stack-2 
Node-97 16.25 0.37 25.33 0.37 26.94 
Node-98 15.75 0.39 26.34 0.39 28.00 
Node-99 15.25 0.41 27.95 0.41 29.74 
Node-100 14.75 0.43 28.96 0.43 30.80 
Node-101 14.50 0.45 30.23 0.44 32.15 
Node-1 02 14.25 0.44 29.90 0.44 31.79 
Node-103 13.75 0.46 31.70 0.46 33.69 
Node-104 13.25 0.46 31.00 0.46 32.98 
Node-105 10.25 0.52 35.78 0.52 38.04 
Node-106 9.75 0.54 36.87 0.54 39.19 
Node-107 9.25 0.54 37.45 0.54 39.79 
Node-108 8.75 0.55 38.08 0.55 40.46 
Node-1 09 8.50 0.55 37.93 0.55 40.31 
Node-110 8.25 0.57 39.06 0.56 41 .49 
Node-111 7.75 0.56 38.52 0.55 40.91 
Node-112 7.25 0.56 38.21 0.55 40.60 
Node-113 4.25 0.61 41.30 0.60 43.91 

Node-114 3.75 0.61 41.80 0.60 44.40 
Node-115 3.25 0.60 41.62 0.60 44.21 

Node-116 2.75 0.60 41.45 0.60 44.03 
Node-117 2.50 0.61 42.21 0.60 44.82 
Node-118 2.25 0.61 42.17 0.60 44.78 
Node-119 1.75 0.62 42.44 0.61 45.09 
Node-120 1.25 0.61 41.67 0.60 44.28 

Node-121 -1.75 0.60 41.32 0.60 43.89 
Node-122 -2.25 0.60 41.66 0.60 44.25 
Node-123 -2.75 0.61 42.77 0.61 45.40 
Node-124 -3.25 0.62 43.15 0.62 45.82 
Node-125 -3.50 0.61 42.75 0.61 45.39 
Node-126 -3.75 0.59 41.57 0.59 44.13 
Node-127 -4.25 0.60 41.65 0.60 44.22 
Node-128 -4.75 0.59 40.95 0.59 43.51 

Node-129 -7.75 0.58 39.89 0.58 42.39 
Node-1 30 -8.25 0.58 40.34 0.58 42.84 
Node-131 -8.75 0.61 42.02 0.60 44.63 
Node-132 -9.25 0.59 40.74 0.59 43.28 
Node-133 -9.50 0.58 40.03 0.58 42.52 
Node-134 -9.75 0.58 40.30 0.58 42.81 
Node-135 -10.25 0.57 39.34 0.57 41.80 
Node-136 -10.75 0.54 37.26 0.54 39.59 
Node-137 -13.75 0.51 35.07 0.51 37.27 
Node-138 -14.25 0.49 33.97 0.49 36.08 
Node-139 -14.75 0.48 33.32 0.47 35.37 
Node-140 -15.25 0.49 34.13 0.49 36.24 
Node-141 -15.50 0.47 32.79 0.47 34.83 
Node-142 -15.75 0.46 31.52 0.45 33.48 
Node-143 -16.25 0.44 30.15 0.43 32.02 
Node-144 -16.75 0.42 29.02 0.42 30.84 

Note: 1) Fast neutron flux for E > 0.18 MeV 
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Attachment A 

St.i"e 
O,overlSSGICC0111NEEUUS 

09108120060319 Pt.o1 

To lara)' S ChangiaSaCC01 I1NEEUUS@INEL 
'..------,,,,,----- .. ~ .~~ --""'=:r:::=,======-~=""=c_oc_o-:_'~-o='~""":"'<~~---c-"-.- 

< 

cc jMi$ti A LtlloILILLMAlCCC1J1NEEUUS@INEL 
iJame$ R Pany(PAARJRlCC01I1NEEUUS@INEL 
.~r.ance$ M M.ar$~all(f~~c:ÇQ1!1~~!.~~~INEL. 

...~~ 
I 

..!J 
bee. 

Subjett iAGR~ì~N;;rt;~nie$ ~~si....:~:=======._-=~~=....._=-=': 

Grey. 

Please perform the 101lQW1ng portion 01 the comllmatory neutronlcs an~ls for the Advanced Gas Reactor (AGR) experiment 
AGR-l. The analysis should be performed uSing the computer codes MCNP and ORlGEN2 coupled Via the UNIX script MCNO 
The confirmatory neutronics analysis needs to evaluate the newron/gamma heeting rates for the AGR-l capsule assembly 
structural componenl$. the AGR-l capsule assembly reactívi1yworth relative to an aluminum dummy. the peek luel hSSIon power 
density of the AGR-l fuel compacts. the fuel burn up 01 the AGR-l fuel compacts. and the fast neutron fluence (E) 0 18MeV) that 

will be experienced by the AGR-l fuel compacts. The neutroOics modet analysis details. and results need to be presented in an 
Englneenng Design File (EDF) 

Thanks 
Blaine 
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Attachment B 

Listing of the AGR-1 confirmatory analysis cross-section data used with the MCWO methodology. Both 

the MCNP built-in cross-sections and JENDL-3.2 cross-sections were used. 

Cross-Section ID 

36083.50c 
36085.37c 
43099.60c 
53127.60c 
53129.60c 
54131.50c 
54135.50c 
55135.60c 
55136.60c 
59143.37c 
60145.50c 
60147.50c 
61148.50c 
61149.50c 
61151.19c 
62147.50c 
62149.50c 
62151.50c 
63151.60c 
63152.50c 
64152.60c 
64155.60c 
64157.60c 
66164.96c 
90232.37c 
92233.37c 
92234.37c 
92235.37c 
92236.37c 
92237.37c 
92238.37c 

Cross-Section ID 

93237.37c 
93239.37c 
94238.98c 
94239.82c 
94240.82c 
94241 .82c 
94242.82c 
95241 .98c 
95243.98c 
96242.98c 
96244.98c 
8016.37c 
6012.37c 
14000.37c 
40000.37c 
42000.37c 
13027.37c 
2004.37c 
3007.37c 
5010.37c 
5011.37c 

72174.37c 
72176.37c 
72177.37c 
72178.37c 
72179.37c 
72180.37c 
73181.37c 
74182.37c 
74183.37c 
74184.37c 
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Justifications for using JENDL-3.2 cross-section data for neutronics analysis of the AGR-1 fuel 

compacts irradiated in the A TR 8-10 position. 

For the AGR-1 neutronics analysis, the JENDL-3.2, continuous energy cross section library based on 

JENDL-3.2, cross section data evaluated at 3000K, was used. The justification for using 235U 
and 

238U 

cross section evaluated at 3000 is discussed below. 

The fission power density is not a sensitive function of the temperature dependent fission cross section 

because the fission power density is obtained by the following formula, 

20MeV 

Fission power density = f Qa t<Þ(E) dE. 
0 

In the ATR, a thermal reactor, the fuel fission power density generated in the specimens with B4C (7 wt%) 

graphite holder from the thermal neutron flux (E < 0.625 eV) is about 80%. However, if the graphite 

holder contains no B4C, the fission power density generated from the thermal neutron flux is about 

93.5%. The effect of the resonance KeV range cross section broadening in the remaining 20% fissions is 

not significant in the fission power integration over neutron energy. To demonstrate it, the AGR-1 fuel 

compact in the capsule assembly model, 
235U with 92235.37c (3000K) and 

238U with cross section 

92238.37c (3000K) was setup as Case-1. Then, the same capsule assembly model with 92235.17c 

(12000K) and 
238U with cross section 92238.17c (12000K) was set up as Case-2. The detailed node by 

node fission power density comparison between Case-1 and Case-2, at the beginning of the fuel 

irradiation, are tabulated in Table A-1. From Table A-1, the average fission power density ratio of Case-2 

and Case-1 is 1.0034, which shows no significant difference within one uncertainty band (1 cr=:t2.5%) for 

the MCNP calculation. However, please note that the temperature dependent cross section is a very 

important parameter when performing the power reactor criticality calculations. 
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Table B-1: Comparison of the node fission power density between 

Case-1 and Case-2 at the beginning of irradiation. 

Node Mid-Point Cross Section @ Cross Section 

Node/Stack Distance from Core Center 3000K @ 12000K Ratio of 

ID (in) (W/cmJ) (W/cmJ) Case-2 to Case-1 

Stack-1 

Node-1 16.75 40.98 41.13 1.00364 

Node-2 16.25 44.29 44.51 1.00491 

Node-3 15.75 46.57 46.69 1.00256 

Node-4 15.25 45.75 45.85 1.00228 

Node-5 14.75 49.01 49.05 1.00070 

Node-6 14.25 49.65 49.81 1.00329 

Node-7 13.75 50.39 50.62 1.00461 

Node-8 13.25 48.84 49.08 1.00486 

Node-9 10.75 41.93 42.00 1.00164 

Node-10 10.25 47.27 47.36 1.00194 

Node-11 9.75 47.75 47.92 1.00359 

Node-12 9.25 48.23 48.43 1.00413 

Node-13 8.75 48.29 48.58 1.00587 

Node-14 8.25 46.98 47.08 1.00215 

Node-15 7.75 49.23 49.42 1.00375 

Node-16 7.25 46.58 46.81 1.00493 

Node-17 4.75 47.35 47.59 1.00503 

Node-18 4.25 50.25 50.57 1.00647 

Node-19 3.75 51.04 51.25 1.00419 

Node-20 3.25 51.31 51.50 1.00372 

Node-21 2.75 52.31 52.37 1.00117 

Node-22 2.25 52.23 52.52 1.00558 

Node-23 1.75 51.12 51.24 1.00228 

Node-24 1.25 49.93 50.03 1.00205 

Node-25 -1.25 48.51 48.57 1.00110 

Node-26 -1.75 52.02 52.08 1.00105 

Node-27 -2.25 53.66 53.68 1.00028 

Node-28 -2.75 52.47 52.47 0.99998 

Node-29 -3.25 52.94 53.08 1.00263 

Node-30 -3.75 51.29 51.51 1.00428 

Node-31 -4.25 51.08 51.16 1.00161 

Node-32 -4.75 47.94 48.09 1.00305 

Node-33 -7.25 45.87 46.16 1.00630 

Node-34 -7.75 50.34 50.55 1.00427 

Node-35 -8.25 48.00 48.17 1.00358 

Node-36 -8.75 49.46 49.62 1.00333 

Node-37 -9.25 48.68 48.90 1.00446 

Node-38 -9.75 49.10 49.26 1 .00331 

Node-39 -10.25 47.39 47.55 1.00325 

Node-40 -10.75 44.06 44.22 1.00381 

Node-41 -13.25 48.76 49.04 1.00577 

Node-42 -13.75 50.27 50.40 1.00257 

Node-43 -14.25 50.56 50.79 1.00443 

Node-44 -14.75 50.82 51.04 1.00452 

Node-45 -15.25 50.45 50.46 1.00018 

Node-46 -15.75 47.97 48.21 1.00512 

Node-47 -16.25 46.79 46.96 1.00360 

Node-48 -16.75 42.94 43.15 1.00479 

Average 48.72 48.89 1.00337 
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Node Mid-Point Cross Section @ Cross Section 
Node/Stack Distance from Core Center 3000K @ 12000K Ratio of 

ID (in) (W/cm~) (W/cm~) Case-2 to Case-1 

Stack-3 

Node-49 16.75 43.78 43.77 0.99986 
Node-50 16.25 47.08 47.36 1.00586 
Node-51 15.75 48.80 49.06 1.00523 
Node-52 15.25 50.17 50.46 1.00564 
Node-53 14.75 51.63 51.68 1.00104 
Node-54 14.25 54.47 54.43 0.99923 
Node-55 13.75 54.50 54.65 1.00270 
Node-56 13.25 54.21 54.28 1.00116 
Node-57 10.75 45.77 46.00 1.00501 

Node-58 10.25 48.54 48.82 1.00561 

Node-59 9.75 51.14 51.38 1.00471 
Node-60 9.25 51.96 52.21 1.00478 
Node-61 8.75 52.02 52.25 1.00441 
Node-62 8.25 51.16 51.26 1.00190 
Node-63 7.75 52.49 52.61 1.00225 
Node-64 7.25 50.87 51.05 1.00353 
Node-65 4.75 50.52 50.62 1.00185 
Node-66 4.25 54.33 54.44 1.00211 

Node-67 3.75 55.74 55.82 1.00141 
Node-68 3.25 54.89 55.01 1.00222 
Node-69 2.75 55.15 55.39 1.00444 
Node-70 2.25 56.04 56.33 1.00516 
Node-71 1.75 56.42 56.75 1.00581 

Node-72 1.25 52.55 52.81 1.00497 
Node-73 -1.25 53.66 53.84 1.00330 
Node-74 -1.75 55.80 56.19 1.00700 
Node-75 -2.25 57.65 57.83 1.00314 
Node-76 -2.75 57.35 57.52 1.00291 
Node-77 -3.25 57.01 57.10 1.00157 
Node-78 -3.75 55.16 55.39 1.00419 
Node-79 -4.25 55.81 56.04 1.00402 
Node-80 -4.75 51.29 51.35 1.00107 
Node-81 -7.25 50.82 51.08 1.00513 
Node-82 -7.75 53.23 53.42 1.00361 
Node-83 -8.25 52.79 52.85 1.00128 
Node-84 -8.75 50.96 51.11 1.00301 
Node-85 -9.25 51.38 51.52 1 .00270 
Node-86 -9.75 50.99 51.16 1.00343 
Node-87 -10.25 51.14 51.29 1.00293 
Node-88 -10.75 47.15 47.51 1.00772 
Node-89 -13.25 50.20 50.35 1.00311 
Node-90 -13.75 54.02 54.19 1.00316 
Node-91 -14.25 54.13 54.26 1.00234 
Node-92 -14.75 52.10 52.40 1.00580 
Node-93 -15.25 53.16 53.24 1.00149 
Node-94 -15.75 51.68 51.87 1.00372 
Node-95 -16.25 49.60 49.77 1.00353 
Node-96 -16.75 43.56 43.72 1.00375 
Average 52.18 52.36 1.00342 
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Node Mid-Point Cross Section @ Cross Section 
Node/Stack Distance from Core Center 3000K @ 12000K Ratio of 

ID (in) (W/cmJ) (W/cmJ) Case-2 to Case-1 

Stack-2 

Node-97 16.75 25.01 25.16 1.00595 

Node-98 16.25 27.01 27.16 1.00566 

Node-99 15.75 27.57 27.79 1.00807 

Node-100 15.25 29.68 29.77 1.00309 
Node-101 14.75 30.12 30.27 1 .00485 
Node-102 14.25 30.72 30.82 1.00329 

Node-103 13.75 32.01 32.16 1.00475 
Node-104 13.25 30.70 30.84 1.00455 
Node-105 10.75 25.72 25.88 1.00612 
Node-106 10.25 28.01 28.09 1.00270 

Node-107 9.75 28.88 28.88 1.00007 

Node-108 9.25 29.42 29.52 1.00337 
Node-109 8.75 28.96 29.09 1.00432 
Node-110 8.25 28.91 29.01 1.00366 
Node-111 7.75 29.60 29.61 1.00009 
Node-112 7.25 26.99 27.16 1.00656 
Node-113 4.75 29.43 29.54 1.00393 
Node-114 4.25 31.29 31.28 0.99975 
Node-115 3.75 32.13 32.18 1.00155 
Node-116 3.25 32.79 32.78 0.99959 
Node-117 2.75 31.58 31.68 1.00320 
Node-118 2.25 32.33 32.46 1.00402 
Node-119 1.75 31.29 31.41 1.00392 
Node-120 1.25 29.00 29.13 1.00465 
Node-121 -1.25 29.50 29.54 1.00119 
Node-122 -1.75 32.50 32.63 1.00414 
Node-123 -2.25 32.31 32.32 1.00031 
Node-124 -2.75 31.14 31.18 1.00142 
Node-125 -3.25 31.53 31.59 1.00182 
Node-126 -3.75 31.70 31.68 0.99954 
Node-127 -4.25 31.28 31 .40 1.00383 
Node-128 -4.75 29.23 29.30 1.00207 
Node-129 -7.25 27.83 28.01 1.00658 
Node-130 -7.75 29.72 29.91 1.00633 
Node-131 -8.25 30.41 30.58 1.00556 
Node-132 -8.75 30.27 30.25 0.99922 
Node-133 -9.25 29.49 29.69 1.00699 
Node-134 -9.75 29.55 29.72 1.00581 
Node-135 -10.25 28.44 28.54 1.00341 
Node-136 -10.75 25.92 26.10 1.00662 
Node-137 -13.25 30.63 30.72 1.00302 
Node-138 -13.75 33.01 33.13 1.00379 
Node-139 -14.25 33.54 33.60 1.00162 
Node-140 -14.75 33.04 33.09 1.00164 
Node-141 -15.25 32.33 32.36 1 .00066 
Node-142 -15.75 32.45 32.58 1.00396 
Node-143 -16.25 31.81 31.86 1.00184 
Node-144 -16.75 28.43 28.51 1.00283 
Average 30.11 30.21 1.00329 
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Attachment C 

Gray S 

ChanglGSClCC0111NEEUUS 

0512512006 09:05 AM 

To IMisti.Lillo@inl.gov, 
Ijames R Parry/PARRJR/CC01I1NEEUUS@INEL 

cc 

bee I 
Subject IFw: AGR-1 compact data 

~, 
Gray 0I81Q . O:Insultil1Q fnaïneeriSoootist 
Reactor .. NuClear PhysìCs 
P.O.1Iooc 1625, MS-3885 -Idaho Falls. ID 83415-3779 
Phmø: (.zoo) 526-1646 
Enwø: uray.tharlOftal.ooy 

IdiIho National LaboratDIY 

...u Forwarded by Gray S Chang/GSClCC01 IINEELIUS on 05/2512006 09:04 AM u--- 

John T 
M akiJM KI JCC01 JIN EELJU 5 

05/24/2006 04: 10 PM 

To Gray S ChangIGSC/CC01/INEEL/US@INEL 

cc Siaine GroverlSSG/CC01 IINEEL/US@INEL.John R Cox/COXJR/CC01 IINEEL/US@INEL, David A 
Petti/PT I/CC01/1 NEE L/US@INEL, Charles M S arnes/B M C/CC01 liNE E LlUS@INEL, Matthias A 

Ebner/MESNER/CC01/INEEL/US@INEL 

S ubje AG R. 1 compact data 
ct 

Gray 

The attached spread sheet contains the AGR-l compact data that you requested. Use the Baseline data for Capsules 
6 (top) and 3 (middle). Use the Variant 1 data for all other capsules. The attached spread sheet will be updated as 

data becomes available from ORNL but will be too late for the confirmatory analysis. 
L!J ì....,' 
.~ AGR.1 comDact data 052406.xls 
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, -".""~~"'ij'~~~~~~6"_yx~"w,,,,,.,-:I;>..,.,.,~",,!J!>1!-M,.iI.~~.. I:xrs .. 
" .'. "'.'" ". ...'" .,. '...' . 

I.::oiJ~W 
ïïew Insert Fo.rmat 

1oo1s ~atð ~indow t!elp ;':'T:r:":1 JI.!,,:";tl::T . 
- 

6 x 

K51 ... 

A B 

1 AGR-1 Compact Data (as of date 51241Ü6) 

2 
3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 
16 
17 

18 

19 

20 Mol mass U 

21 Kernel mass (g) 
22 Mass U/particle (g/particle) 

23 Mass O/particle (g/particle) 
24 Volume SiC/particle (m^3) 

25 Mass Si/particle (g/particle) 

26 Number particles/compact 

27 

28 Effective compact density (Mg/m^3) 

29 
30 
31 

32 

33 
34 

35 
36 Sources: 
37 

38 U-235 enrichment, C/U and O/U ratios: 

39 
40 Particle dimensions and densities: 
41 

42 
43 Compact U loading: 
44 

45 

46 Compact dimensions and mass: 
47 

48 

~ ~ . .1\J>l1eet!1~t2r~!i7 

U-235 enrichment (IN! %) 
C/U atomic ratio 

O/U atomic ratio 

Kernel diameter (um) 
Buffer thickness (um) 
IPyC thickness (um) 
SiC thickness (um) 
Kernel density (Mg/m^3) 
SiC density (Mg/m^3) 

Baseline Variant 1 

19736 19.736 
0.3253 0.3253 
1.3613 1.3613 
3497 349.7 

103.5 102.5 
39.4 40.5 
35.3 35.7 

10.924 10.924 
3.2075 3.206 

5.47888 5.3371 

0.917 0.915 
25.066 25.123 

12.36 12.36 

237.488052 237.4881 
0.000244606 0.000245 
0.000220731 0.000221 

2.02439E-05 2.02E-05 
4.99472E-11 5.06E-11 
0.000112224 0.000114 

4154.37959 4145.319 

1.821714425 1 .770547 

16.73699734 17.14414 
1.535004345 1. 572345 

8.509416675 8.827004 
73.21858164 72.45651 

Compact mass (g) 
U loading (g U/compact) 
Compact length (mm) 
Compact diameter (mm) 

Compact weight % U 

Compact weight % 0 

Compact weight % Si 

Compact weight % C 

BV\fXT Data Qualification Package 

Data Compilations reports ORNl.JTM-20061Ü19 

ORNl.JTM- 20061D20 

Confirmatory Data Package letters: AGR.1051 
AGR-1053 

Based on averages of compacts sent to the INL, listed in 

INL letters: 

and measurement data in Confirmatory Data Package letters 

1< i ," 
) jH 

Ready NUM 
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Attachment D 

J.e P.lmerlPJAlCCOllINEEUUS 
06/08/200612:27 PM 

To iRíchard G Ambro,ekJRGAINONIiNEEUUS@INEL Gray S ChangIGSClCC01/INEEUUS@INEL 
: 

r~IvI"~I_A~l,,í~0Il,lL~L~IV1.6JC;C~111~EE UU~S @ I NE~{a",_,,, RfOar'Y{I"~RRJR/CC;O 1/INE E UUS@I~ EL , 

cc iBlaine Grover/SBG/CCOllINEEUUS@INELJohn R C~xICOXJR/CC01/INEEUUS@lNEL 
- ~ 

,David A PettriPTI/CC01/INEEUUS@INEL Doug.Miller@graftech.com. , 

llV1atthl~'I\~E~bner/IvIEEjI\lEB/c;c;.I]1!II\JEE UUS.~JI\IE~L,__m. 
....... ..._._~. ~.~-~---------~ bee L- Subject IAGR-1 GRAPHITE BORON CONTENT - USE NOMINAL VALUES 

-.. --.. ------" 
- 

-- -- -" --- 

, 
ì 

All. 

Yesterday afternoon I received a voicemail from Graftech providing verbal results of the boron content in the graphite billets. Their results were within the 

tolerance range provided in our specification. I've reprinted the values from the specification below 

(1) Boron to be added in the fonn ofB4C at 7 weight percent +1- .35% (548 wt% boron +1- .27%) 

(2) Boron to be added in the fonn ofB4C at 55 weight percent +1- .27% (4.30 wt% boron +1-22%) 

Dick Ambrosek. 81alne Grover and I discussed whether we should use the nominal or measured values for 84C in the physics calculations and we believe 

nominal is the better option for the following reasons: 

(1) If we use nominal values we leave open the possibility that we may be able to use graphite that has been further processed to remove Fe We have told 

Graftech to send half the graphite to us as soon as possible and take the other half and attempt further purification. If the purified graphite comes back a with 

slightly less 84C but still within our specification tolerances we will be able to incorporate it into the test - if the analysis is based on nominal values. 

(2) The best I can tell Graftech's analytical accuracy is roughly the same as our tolerance range on 84C weight percent i.e.. about '1- 5 %. We see evidence for 

this in that Graftech obtained values of 7.0% and 7.3% for two billets of graphite that had the same feed stock mix and same furnace run. So we shouldn't kid 

ourselves that we know the actual boron content any closer than about '1-5%. This being the case it makes sense to base our calculations on the nominal 

values. 

Having argued that the calculations should be based on the nominal values. these are the results Graftech provided in the voicemail: 

Measured 
5.36% 
70%. 7.3% 
6.18% 

Nominal (spec value) 
5.5% 
7.0% 
NA (this was an extra billet they decided to run halfway between our two requested values) 

These agree quite well with the little bit that has come back so far from MIT and their prompt gamma analysis (this is an excerpt from Kent Riley's latest email): 

III was able to calibrate with the graphite standards you sent and do one set of 
measurements on the unknowns, which range between 5.3 and 7.4%-" 

The apparent agreement is encouraging. 

I have instructed Graftech to send us the 5.36% and 7.0% billets (actually bars from these billets) to us as soon as possible along with the corresponding analytic 

results. Furthermore. I have instructed Graftech to attempt to purify the 7.3% and 6.18% billets to the degree possible. (I've asked them to try and punfythe 

6.18% billet down to a value that would fall within our 5.5% '1- .25% specification.) 

If anyone has any concerns with this logic please bring them up as soon as possible. However. I will be on vacation until June 19th and Blaine Grover (6-4589) 

will be your contact point until then. 
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Attachment E 

Joe Pal m er/PJAICCO 1 nNEEUUS 
0511112006 05:27 PM 

To Gray S ChangIGSc/CC011INEEUUS@INEL 
Misti A LilloILiLLMMCC01I1NEEUUS@INEL 

James R ParryIPARRJRICC011INEEUUS@INEL 

cc Blaine GroverISBGICC011INEEUUS@INEL 

bee I 
Subject IHAFNIUM DENSITY' AND THICKNESS 

History: I:i+ This message has been forwarded. 

I'm attaching measurement information we have on the hafnium strip we'll be using for the neutron shield. We have the complete 
chemistry information for both lots out at the site. but I only happen to have chemistry for one lot electronically and so I'm 
attaching that as well (I think the only thing that matters is the % Zr - all other impurities are in the ppm range). You'll see I've 
written the percent Zr for both lots on the measurement sheets. 

I calculated a density of 12.815 g/ccfor LotI J27P30 and a density of 12.25 g/ccfor LotI F18P28. As I mentioned in my previous 
note, I don't know why these densities are so different and why they are considerably less than theoretical. Feel free to check 
my math by recalculating these densities. 

I HfOLO!28.0df I HfOW!30.Pdf HfOP0509~tofAnal.ipg 

..... 

\fIl 
Joe Palmer' Mechanical Engineer, PE 

. 

.. 
Advanced EnerlW' Technologies, Idaho National Laboratory 

, Phone: (208) 526-8100' Ern:ail: joe.palrner@inl.gov 
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G Pf ~ +tf., ftt; 
11(, "'1 tIIIf #'- 

...,. 
perator : ~obert Mohney 

rart Name: Hafnium Foil 

art Seral Number: _01 # F18P2B 
Device Serial Number: P06-02-C04-02471 

ontroller Version: 1,28 
ertification Date: Q3/15.'DE 

ime 'J'f May 04 00:24: 10 2006 
Units. UII 

-- 
- 

C LENGTHOO1 Con$tructed L 

.- '. Meuurec:l Nominal 

X 

Do!/;aY 
l 

OCOOJ)m 
. 

cco:J :>63e 

t:OOQ.C002 
DOOCI.21fi311 

-.--.. 

'h 

:!:ThI -To! Dev 
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Page I of 1 

MIll 
Out of T04 

- 

_._- C LENGTHOO2 Con$truct.a Len h 
.. 

Jl'f.MßlUred Nom...! :!:ThI 

x 

ua",y 
Z 

h 

-ooouæe 
C1XXJ.04$8 

-CceJ.1!81 

ooeo.28eO 

-_....,-- 

-Tot De'll 

C_LENGTHOO3 (Construct9d Length) 
""J 

Measured Nominal + Tol 

x 

!?ell"" 
7 

la. 

D2eo.&142 

-DGOO.~ 
-OCH.77~7 

D1s).~ 

Me':.'): ~>~,nOj 

-Tol Dev 

".., #;J 

s~..c.. "tAJ {I't tt. "3 ~>-p. ~-J~'()(. 

4-:) 7J- :5iIF (,,104.. If)þ)Ð4,,. 

j, Îi6('. 1!-or 

Out of Tal 

QutQ(Ioi 

] 
~-- 

I 

5/4/2006 
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(Hf-LOT-J27P30.pdf) 

Qf\ 1t tI Page loft 

~!*ator : Robert Mohney 

~. 
art Name' Hafnium Foal 

Part Serial Number Lot # J27P30 

FA. Device Serial Number: P08-D2-Q4-02471 

ONT l Controller Version 1.28 
STAT Certification Date' 03115105 

lme & D!:Itð . y May 04 0856.40 2006 
Units 1'M~limeterl' ") 

C LENGTHOO1 Constmeted Le 

Þ ~8$Ured Nom-ÌM! :tTol -To! Oev QutofTQ! 
x 

Della Y 

Z 

LMIg#I 

:tThI ~Tol Dev Qytg{Io! 

+Tol -Tol De'l Out otTol 

M.>>: "7 dDi d ~ c.J. "lA) ï'It " "3 r; y.p. ~-3~o,)4.. 

A- :r?J~ s. ~'Ol'f 5/~" 

.:l;~rï, êr 

5/412006 
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(Hf -P050982CertofAnal.j pg) 

I 'O'V "Bill" 
..0- 

~:_j_L~-'3'.41 d II' 
-ROC iC"~:N- 

. h .:_. -- 
.~~~~.i~;,- 

~ J/-1 c;rP?5 

Hafnium foil, Q.2Smm (O.Olin) thiclc. 99.5"10 (metals basis excluding Zr), 
Zr l1orøina13% 

Stock Number: 10793 

Lot Number: J27P30 

A.nalysis 

A1 41 

cd 2 

Cu <25 
Mg < 10 
N <20 
0 280 

Sn < 10 

U <1 
W <10 

B <0.5 
Co <5 
Fe 225 

Mn < 20 

Nb < 50 
Pb <5 
Ta < 100 

U.235 < 0.007 

Zr 2.35 % 

C 

Cr 
H 

Mo 
Nî 
Si 

Ti 
V 

69 

<20 
<3 
< 10 

<25 
<25 

39 

<: 10 

Values given inppm unless otherwise noted 

Certified by: 

f ~ V (.~ 
Quality Control 

QA l\blo.3 

AIfaAesø( 
.A Johrn10TJ M4tthøy Comp#7IY 

30 Bond StrClit . Ward Hill, MA 01831>-8009 usA . Telephone: (978) l521-6300 . Fax: (978) 521-~i50 

""~ILr.."'" rlÚ"aJol! Sales: (800) 343-0660 . T~eÞ1\kal Services: (800) 343-7276 . Sped~tylBtùl( Sales: eSSS) 243-S02) 

,. '. it- "'-}~... .............. 
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Attachment F 

Joe Palme. 
0610112006 05:27 PM 

10 Jame, R Pa"yIPARRJRICC011INEEUUS@INEL 
.. ~ 

ee Mi,ti A LilioILiLLMAICC011INEEUUS@INEL Blaine GroverISBGICC01I1NEEUUS@INEL 
RJ~ha.rc!JJ.A",þro'ekl~Q..AlNONI~gU_US@INEL 

--... ..--.. -------.--< bee 
L....... ... ........ Subject ~ Graphite, 

....--. --..- "--- ..< 

ü 

Jim, 

I'm attaching the chemical analysis from the pradice batch of graphite Graftech made up for us last year. I don'f know If this is good enough or not as far as 
impurities. They are trying to hold the Fe down to less than half of what they got before. You may want to wait a couple more days to get Graftech's analysis 
of the aduallots we'li be uSing (this information is expeded any day). I'm sure you'li want to wait for that on B4C content 

The chemical analysis is under the "Ash" tab in this spreadsheet. Density IS under the Room Temp tab. but he said something about this latest batch being 
more dense than the pradice batch. 

I ~ I 
T55173 Hi h T emo P,ooerlie'.xl, 

I 

..... 

'ill 
Joe Palmer' Mechanical Engineer, PE 
Adwnced Energy Technologies, Idaho NationallabOratOty 

" 

Phone: (208) 526-81110 , Email: jOe.palmer@inl.gov 

James R Parry/PARRJR/CC01/INEEL/US 

Jam.. R PanyiPARRJRJCC0111NEEUUS 

06101120061005 AM To jJoe PalmerIPJAICC011INEEUUS@INEL 

cc rMi;tiALlíl~ïLiLLMþJccoiIINEliïus@INEL--" 
Subject jAGFi Graphit;;-..-"."_._..._--~---_._--_._.. .------.. -... -.---- 

Joe. 

Do you have material properties (mojor chemicol constituents ond densi1y) forthe grophítes used in the AGR experiment? Alii was able to get from the 
Graftech website was informotion for the grafoil. 

Thanks. 

Jim 
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: III EiIe 

1 

2 
3 
4 

5 
6 

7 

8 
9 
10 I 

11 i 

12 I 

13 

14 

15 

16 
17 

18 

19 

20 
21 

22 

23 
24 

25 

26 
27 

28 
29 
30 
31 

32 

33 

34 
35 
36 
37 

38 
39 
40 
41 

42 
43 

44 
45 

46 
47 

48 
49 

14 4 . .IKßQQinu:tii~1.j-l]j.1QQ~,ij:~~j]~~~itl:2u~Ashll:iIthE!l'rT@Jç()1 < 

Ready 

~ lools Q.ata ~indow tlelp T'/pi;:' .OJ Fglnðt ~ Insert 

G54 

A 
'A 

M~~ O? 05 03:\Op Shive T.ch 3\5 43\ 9800 p.i? 

~',~il\\ I~( 1I,~,..IIIII1.U" <-'-;1~1\11S' '1';'\',,",',' :": ~~:.: 
r. I,' ;'.- " '-,'-, ,- " 

, 

'. d"_. ",-., '.., I,'",. .\~-~,.,\JY ll( .\1, ;<1.1'( )1<: 1 '; 

"" l' "." '. ,'" 

Customer 
Date 

GrafTech 
25.Feb-05 

POI 
Jot) tI 

MC 

U00798 

Customer ID Graphite 
TS5173.2005012704 

Sh;va ID U050223031 

Element COf1ce"tratlOn Elem."t Concenlrillt'Of'\ 
[ppmWll roomwtl 

l. 0.05 Pd <01 
Re 003 Aa <01 
B ì -3wt% _. 

Cd < 0.1 
C MatrIx In <0.1 
N $n <0.5 
0 . 

u 

Sb < 5 
F <5 re - 

< 0.1 
Na 14 1 <05 
Mol <OS Cs <OS 
AI 41 Ba 0.83 
Si 8.4 La <05 

1--- 
p SS Co 17 
S 0.62 Pr 3.1 

('f < 005 Nd < 005 

I---- 
K <01 ---sm' ! 0.18 

Ca 83 IOu ! 01 
Sc <01 Gd <0.05 
j. 4.5 Tb < 0.05 
V 7 Dv < 0.05 

--. 
C, 3.7 Ho < 0.05 
Mn 072 Er 0.1 
Fe 180 Tm < 005 

-_... 
Co i 0.3/1 Vb 

-"- 
<005 

N. 73 I.u <005 
Cu 

-- 
<OS : HI < 0.05 

Z.., <05 Ta < 100 

-~-~_. 
< 0.1 W 13 

Ge < 01 Re < 005 
As < 01 . Os < 0.05 
Se < 01 Ir < 005 
Br < 01 PI < 005 
Rb < 0 05 Au < 0.1 
Sr 0.26 -tlL. <01 
Y < 0.05 TI < 0 1 

Zr 0.24 Pb <05 
Nt < 01 : Bi < 1 

Mo --OY--- r Th 1 

R.. < 0 1 r' -U'-' <0.1_- 
Rt'. <01 I 

PiI\I<I1o" 4- '\:'\.1 ISO "CO2 Kq"~C:IC'd Comp.w)o R('V.~~d by 

--~-~--- ---. rru r'tport <"1.11 not bot: r'pfod<.K.C'~ U~fpt u, rÙI~ "'1~hotJt w:.tt~n .pproval nf tbf !;\bcx...orj 

v 

> J 
NUM 
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Attachment G 

Joe 
PaimerIPJAlCC01 ßNEEUUS 

05/2512006 04:53 PM 

To Misti A Lillo/LiLLMAiCCOl/INEEUUS@INEL 

ee 

bee I 
Subject COMPOSITION OF TYPE N THERMOCOUPLES 

History: ~ This message has been forwarded. 

MistL 

These are the Type N TCs used in the lower 5 capsules. The Type N's used in the top are different 

Sheath: .062" 00 x .042" 10, Inconel 600 = 75% Ni. 16% Cr, 8% Fe, 1 % Mn 

Insulation: MgO 99.4% pure 
Thermoelements: .010" dia (both) See last two rows of table below. 

TABLE.i- NOMINAL COMPOSITIONS OF ANSI 
STANDARD BASE-METAL THERMOELEMENT 
ALLOYS, AND NICROSIL AND NISIL ALLOYS 

ALLOY CHEMICAL COMPOSITION (WEIGHT-%) 

ANSI (1) Cr 51 Mn AI Co Mg Cu Ni Fe 

DESIGNATION 

(+)KP, EP 9.5 0.4 bel 

(-)KN 1.0 3.0 2.0 0.4 0.015 bal 

(+)JP 0.3 bal 

(-)IN. EN, TN 1.0 0.5 54 44 0.5 

(+)TP 100 

(+ )NP (/1CnIII) 14.2 1.4 bal 

(-)NN (nId) 4.4 0.10 bal 

The Type NOs in the top capsule are Molybdenum sheathed. 

Sheô.th: .092" 00 x .056" 10. 99.9% pure Mo 

Insulô.tô.ion: AI203 99.4% pure 
Thermoelements: Approx .015" diô. (both) sÔ.me composition ô.S ô.bove. 

-- .- Joe Palmer + Mechanical Engineer, PE 
'. 

'. 
Advanced Energy Technologies, Idaho National Laboratory 

. Phone: (208) 526-8100 + Email: joe.palmer@inl.gov 
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Attachment H 

Richard G 

AmbrosekIRGAlNONlINEEUUS 

0510312006 10:56 AM 

To IMisti A LilloILiLLMAICC01/iNEEUUS@INEL 

eel 
bcc I 

Subject :Fw: Thermocouples 

I 
----.J I 

- Forwarded by Richard G AmbrosekJRGAINONllNEEUUS on 05/0312006 10:51 AM- 
Joy L 

RempeN'OJICC01/INEEUUS 

031221200603:02 PM 

To IRichard G AmbrosekJRGAINONIINEEUUS@INEL 

cc IJoe PalmerlPJAICCOl IINEEUUS@INEL 

Subject IRe: Thermocouples 
[Qj 

Dick 
As I mentioned earlier, there are two types ofTCs. Pliorto swaging, all wire is 0.010", the insulation has two holes, the MgO has 
an 00 of 0.057" with a hole diameter of 0.015", the Hf02 has an aD of 0.057" with EI hole diameter of 0.013", the tubes (both 
Inconel and Nbl Zr) have an aD of 0.085" with a wall thickness 01 0.011 ". Certifications for all of these materials are attached. 

The Jundion is a very small tantalum tube that we swage onto the two wires However, I don't think that this is relevant to your 
calculation. If it is, let me know. 

I'll look forward to seeing the calculation results! 

Joy 

@) ~ lm m ~ ~ 
crushable hafnia.jpg crushable magnesia. jpg KIN M 0 H Cross. ipg NblZr 'w' ah Châf1g. pdt N b lZr Tubes. ipg I nc 600 Tubes. jpg 

'iIIl- Jo.,. Rempe' Idaho Nationallaboratxny 
Phone: (208) 526-2891 . CeI: (208) 520-3708 . Fall: (208) 526-2930 . 

Email: Joy.Rempe@inI.goy 

~ Richard G AmbrosekjRGNNON/INEEl.,IUS 
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(crushable hafnia.jpg) 

: Ozark Technical 
Ceram jC$1 Inc. 

CRUSHABLE MGO INSULA TORS 

99.8% OZARK GRADE CUM 

X CERTIFICATE OF COMPLIANCE 

0 SUPPLIER DEVIATION REQUEST 

CUSTOMER NAME: 

CONTRACT NO.: 

CUSTOMER PIN: 

OUR JOB NO: 

INEEL 
PC5012759 
U2057x015-3$ 
8259 

(quantity shipped): ~ 

(please refer to this number for all correspondence) 

Ozark Technical Ceramics, Inc. cer1Jfies that this shipment complies with the specifications 

of the above referenced contract with the exceptions listed below. Also listed is any additional 

information for reference as required. 

Lotno.Batch no. 6762.100 
(quantity packaged): 616 pc 

MOR = 8500 

1) 
2) 

."~~-;'-E,L-~ ~-3: 

Ozark Technical Ceramics, Inc. certifies that this product complies with the requirements of 

Section 6.1 and Table 1 of ASTM specification E1652-03. Reference Chemical analysis results 

follow: 
MgO: 99.87 CaO 0.04 Si02: 0.01 

A1203: 0.03 Fe203: 0.03 
S: 0 C: 0 B+CD <30 ppm 

Values in wt % unless specified. MgO value is by difference of emission spec impurities. 

By: i )/1"4-,"" f-<.,c~Â, 
I 

Date- 2/6/2006 

(save as: CUM13Z..xls) 

Please note condition of packaging materials and Shipper abuse when you observe any breakage. 

For Quality/Quantity issues, please have your inspection information available for review and comparison. 

For best results. please refer to the OZARK Job number above and the LotlBatch number in a" correspondence. 

All returns must be pre-approved by OZARK. Please contact this office for a Return Authorization. 

CUM13 

CUM13Z.xls on 2/6/2006 
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HUH-Z.xls on 2/6/2006 
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H. CROSS Company 
~ METAL RlnONS ... STRIPS ~ 

363 PARK AVE.. WEE HAWKEN, NJ 07086 U.S.A. 
TEL (2V1) 863-1134 FAX NO. (201) 863.9297 EMAIL: INFO@HCROSSCOMPANY.COM 

PEr: M / ~-3 3:350 

5 
H 
I 
P 

IDAHD NAT IO~Ir:\I, U~80~:P,TCIF"Y 
ATT~ JOY L. REMPF 

B 
I 
L 
L 

llj{-\H,j !',':HIONAi- LABORATOf'.:Y 
:êj TT: J AN ICE ,ê\. cni:;t~1 

T 
0 

e5E~5 "'.-íOF~TH FREEr-10NT í;\O'E ~ 

I~)t!HD F{'\L_~~~~, 1D 8'3~;-1S 
T 
0 

REF: EROB~ MIS ~840 
252:'; NOP-f H FF:EEMCH.n 1-1'.,'[-. 

lDA~IO FALLS~ 10 83!i15 

(:2 /(II~-. / (.'.t-. r n ,jO] J-: ~~:./ ~~;':tL J.. .tjC ~ [?(~ 1 '::: 
DATE. 

TE:HMS Of PAYMDoH. FOB'. OfUOIN-WEEHA,WKEN. NJ USA 
COLLECT OR PRE.PA't & ~u. 

" 

UUAN!II', Jf::SCHfI'T'ûN PHH;/:: AMUUNJ 

~~JH.: + !.Io',_' ï - T f'vJ-MnLY v) IF,F. (:ìS DR{~VJt\1 rL"'lr'(: 1',~ 

.. 
i:! .1011+-.-., non:.'!' f) IP:,MC":-ET' 

'l') MiJL,i : ';-~ 
',-,'-l 

i::ì: ic:.\ 1 ;."::,1 ç J. "I 

I', ~\ L I ' 1 
> , 

L.-2I L: '.' 
) ;~:7C 

LI- J I N J.. I ', : 

Iii ~i.):::, I"'-:r\ 

Lu I l 'r..:- 

f"\ 1 ._}, j r : 

I-"~ 01 

~~ (~. 

" 

I.-,.J 

i'k~ 

),', 

PAYABLE IN U.S. DOLLARS ONLY - "GOODS MADE IN THE USA" 
This Is to certify thai the item listed lias been 1abrk:at2d in accordance with "IJPIícabre specifications on your order 

SPOOLS ARE REnJRNAßl.E rOR CREDIT CQNTltfGENT UPON THEIR RECEIPT IfII G('){)D REUSAAl F CONDITION WITH 
TRANSPQRTATiOO PREPAID BY YOU NO DISCOUNT ON SPOOLS POb'1AGE 

IMPORTANT CLAIMS FOP CREDIT OR DAI.~A(JES ON ACCOONT OF SHORTAGE OR DfF[CTJVE MATERIAL ~'j):)ì BE 
~ADE WITHIN 10 CAYS 
THE GOODS COveRED BY tHIS INVOK:E WERE PRODUCED IN COMPLIANCE WITH THE REQUIREMENlS GF THE FAIR 

LAeOft ST^NDAROSACT OF 1996 AS AMENDED INCLUDING SECTION 12-A 

ALL PRICES QUOTED AND ORDERS ACCEPTED ARE SUBJECT TO ADJUSTMENl WI fHOOT NOTICE 

ON lHE BASIS OF THE METAL PRICES PREVAILING ON THE DATE OF SHIPMENT 

H. CROSS CO ANY 
363 PARK AVE., WEEHAWKEN. NJ 07086 

AREA CODE (201) 863-1134 



Ingot Comp081t1on Results 
IN PPM (Unless Specified) 

~. Element 1 

:t 
C InfonnlllÌOf1 42 
Fe Information .;35 <35 
H Informabon <3 
HI Infocmalion <50 <50 
Mo InformatIOn <30 <30 N Information 21 
Ni r~~ <20 24 
0 60 
S. Informatior1 <50 <50 
Ta Information 660 1200 
r. Informaòon <040 <40 W l'lformatiot1 <30 L <30 

--A Intcwmation 091% 1ß5% 
,--.-..- -- 

EDF-7120, Rev. 1 

(Nb1 Zr Wah Chang.pdf) 

To 
Purchase Order 11 

Ilemll' 
Desctlption : 

Condition . 

Diamerer : 

Length 
. 

Speclfìcation 
Date 
Date Shipped 
Quantity Shipped 
Weight Shipped 
Sales Order Ii 
Heat.. 
SFC 11 . 
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Certificate 
Of 

Analysis .. ~~~''"""O'"' 
7400 Highway 20 West 
Huntsville, Alabama 35806 
Telephone: (256} 722-2300 
Fax: (256) 722-238t 

INL 
35-430 
1 

NIObium 1 Zr 
Annealed & Pickled 
0.010" +1- 0.0005" 
Spool 
Purchase Order 
8126104 

See Packing list 
, Spool 
1 lb. 
123201 
531128 
1277480 

3 

24 
"'35 

4 

<:20 

,,~ 
<3 

<50 
<30 
40 

37 24 29 
, 

90 
<50 r <50 

. ..:;50 
1200 1200' 1300 
<40 <40 <40 

0;%- o~~ lo~ 

;5 .~ 
<35 
<3 

<50 
<30 
30 
30 

. 

110 

1~ 1, 1~ 
<40 <40 
<30 <30 ~7%_1"U 

5 

23 
<35 

6 

<;20 

<35 

<;50 
<30 

<50 
<;30 

<50 
<30 

29 

This is to certify aD items composing this shipmenl and In the quantities specified are in conformance to the requKements. drawings. and specifications applicable to the referenced order number shown above. 

AnalysIs ~Ied by 
(' ~Æ~ rA>>/ri 

alily Assurance 
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(Nb1Zr Tubes.jpg) 

11..,. 
.. 

PbOlle: (610) 489.0300 

Fn:(610) 489.6285 

Uniform Tubes Inc. 
200 w. 7th Ave.. CollegeviUe. PA 19426 

Certification of Analvses and Tests 

Cert :-lumber: 41182 

Customer: IDAHO NATIONAL E'NGl'-iEERING 

Specificatiolls: ASTM B 394 REV 03. CHEM 01'LY 

Description: OD .0831085 

WA .()(19'.(1l1 

1.1' 10/20 FT 

Chemical Composition 
: COLUMBIUM 1% ZIRCONIUM 

1'.0./1 : PC2217604 

liT SO 1#: CTOl8046 
Prep Date 
Qty 

: I 1/8/2004 
: 29.00 FT 

Mecbanical Properties 

Alloy' 

Lot ","0 : 3881 N Ileal: 53 1135 

Material: SEAMLESS TUW 
Test ","umber(s): 87116 Test Date: 11/812004 

( <0.002-(J(J(};í ~p T ...per . I . Anneal~d 

(h 98.50 WI' l..T.S.H'SI) - 4Y790 55540 

/-'~ (J ()(J4 WI' [Jongal~(ln (0/.) in 2" .2100 - 24.00 

II 0.0003 WI' ,.s (pSI) 3 (-110. 3551)U 

HC 0.005 WI' Ibrdnus 
Mp 0.003 <\Vp 

Av~ Grain Siz~ 
N O.OO6.().OO& WP 

Micro . SA TlSFACTORY 

NI O(~12 <WI' 

() 0008.0013 '-'I' Flare Tc:~1 . SATISFACroRY 

~í 0.005 WP .1.lItn TtSl 

1';, U02 VI' f(ydro~UI(Ír rtSf 

W 0.003 wr Prt,ssun: Tcst 

l.r OQ3.1 20 WP 
A~cd l'.T.S. (PSI) 

",ed r.'o81!a,ion (%. 
A1t<d Y.s. (I'SI) 

Sur1act" itA 
t:ootcntricit) 
CorrosioD Tt!tt 

Embrittwmeøf T r.. 

Surfac! ("h<<" / par. 

1 

(J past 3rJ decimal is mSJgodicanl 

W p "'" \V~jglll o/Q.. PPM;: Partslmilliotl 
lIal = Halan"~. '<D ~ Not [)~t~cl<d 

Spedal Tests: ~OTE: COJ 11' TEST RESLJL IS TO rOLLOW 

I his is to certify that thc malcrial supplied Irom MaroriaJ Traceable 

'JumberTM89306.LJT Inde" # 102222 is in accordane.: with the 

s~cilîcations;lS stated abovc. or as ammended by LIT order 

açkn(Jw lL-dgèment. 

Umtorm lube>. Ine 

~. . .-1;-. 
' 

.~ - :'_~) '- '-. 
Quality Assuranc.. 1118/2004 
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(Inc 600 Tubes.jpg) 

03/14/2008 1&:18 FAX 610 277 2005 TIll JPP 

~~ ...... P.O. aox 460 PH: (610)279-7700 

BRIDGEPORT PA 194(6 FAX: (610) 217.21)05 

TEST REPORT ~âiiéaþ: 

TMIHiII# 
27860 ITHILOl# 29202 CoatamerP.O# 5012625 Quanbt)' 

Ie;- p"s 

Sold to: 
TJ'P<' & Grade Size .083"/.085. OD 

600 .009"/.01l" WALL 
IDAHO NATIONAL LABS SEAMLESS 

P.O. BOX 1625 ~ 
IDAHO FALLS. ID 83415 

ANNEALED 

*'*ACCOUNTllfG TO BILL DIRECT TO C.C.# ON FILE.". 

".. o-iIiaI.......,.. " 

HEAT#:86493 Melt Source/Analysis: VDM 

C Mn S Si Cr Ni Ti Co Cu 

0.031 0.84 0.002 0.25 16.26 75.03 0.22 0.025 0.02 

Ai Fe 
0.12 7.15 

~ I"n\Peo dea 

T_le SI...",p. 0.2% 0Ihct Y,eId Strenc<h " Elong:otion Hard"... 

73,800 PSI 32,800 PSI 10 

VllUúI 
!-ddy C.<JT['@r.t 

J-If.S.:i1m 

IJI.SJiILD i (I'" !f:)T("11 L"'V&~ 

O.Ll'ÞØlat~rw.1 PJ.Sftr- u 

~~a~ I tertJfy dIM tI... <<opon IS correct and cOfllorm, 
~ ~~ W1<bolu .1=~ Mou11""1-'O< OJ/U/>ooo POGr' OF 1 

The - repc>rt sh8I1 nIX be ~ -.pc in ful. WIthout the -- 0fIPr0waI of the lobcwatory. The rwcordln( of false. fie<iliollS, or 
hudul8nt -- (N" - on the CWVllC1t8 "'"'Y be puni<hed .. . felony under feden/IM. 
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Attachment I 

Richard G 

Ambroaek/RGAINONIINEEUUS 

051031200610:46 AM 

To Misii A LilloILiLLMMCC011INEEUUS@INEL 

cc I 
bee I 

Subject IFw: Ta Tube Dimensions 

- Forwarded by Richard G AmbrosekJRGAiNONllNEEUUS on 0510312006 10:46 AM- 
JoyL 
RempelYOJJCCOlllNEEUUS To IRichard G AmbrosekJRGMNONIINEEUUS@INEL 

04f2BI2006 12:12 PM cc jAJoseph Paimer/PJMCC01flNEEUUS 

Subject ITa Tube Dimensions 

Dick, 

Please consider these dimensions as representative. It would be a nUrac1e if you multiply the volume by the density oftantalum and get the 

masses that I sent to you this week 

Joy 

T =i.mn 
Tw>. 

Initial, prior to sw~ 0>1 

'N1æs: 

ID=O.015" 
OD=O.025" 
L.r.gth=O.058" 

'iIIl-- Jov Rempe' Idaho National LaboratDry 
_Phone: (208) 526-2897 . Cell: (208) 520.3708. fall: (208) 526-2930 . 

&nail: Joy.Rempe@inLgov 
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Attachment J 

Reactivity Perturbation Validation Discussion 

The purpose of this section is to discus the difference in Keff calculated by MCNP reference model 

(Case-1) and PDQWS (Case-2) 
1 

full core models with respect to the Cycle 134A (Case-3) A TR 

SUrveillance DAta System (ASUDAS)2 data. 

The MCNP and PDQWS input parameters for the ATR models were adjusted to reflect the Cycle 134A 

initial critical conditions. The as-run or actual Cycle 134A initial critical conditions are given below. 

ASUDAS data Case-3 

Balanced OSCC Position 39.2' 

1.00 (Critical) Keff 

Neck Shim Positions 

NW-1 thru NW-6 
NE-1 thru NE-6 
SW-1 thru SW-3 and 
SW-5 thru SW-6 
SE-1 thru SE-3 and 
SE-5 thru SE-6 

All inserted 
All inserted 
All inserted 
All inserted 
All inserted 
All inserted 

The PDQWS calculations were performed using the PDQWS computer code on the workstation. 

PDQWS3 results were processed using a suite of codes, including most importantly, ROSUB and 

PQMAP. The cross-sections included in the input deck were generated using the codes COMBINE, 

SCAMP, SCRABL, and RZPGM. Because the PDQWS core model uses a discrete X-V mesh to divide 

the cells, the balanced OSCC position was modeled at 40.10, which was the closest available position to 

the ASUDAS value of 39.20. 

The MCNP and PDQWS calculated results and ASUDAS data are given below: 

Keff 

Case-1 (MCNP) Case-2 (PDQWS) Case-3 (ASUDAS) 

39.20 40.10 39.2' 

1.00194:t0.00018 0.9886 1.0000 

Cvcle 134A Parameter 

Balanced OSCC Position 

Case-1 compared to Case-3 

6. Keff (MCNP-ASUDAS) = 1.00194 - 1.0000 = 0.00194 

Case-2 compared to Case-3 

6. Keff (PDQWS-ASUDAS) = 0.9886 - 1.0000 = -0.0114 
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The PDQWS ATR full core model Kef! calculation bias with respect to ASUDAS measured data is -0.0114, 

and the MCNP ATR full core model Kef! calculation bias with respect to the ASUDAS measured data ;s 

0.00194. 

Using the MCNP-calculated error for Kef! (a = 0.00018), Keff is estimated within a 95% confidence level 

(2a) to be 1.00194 :to.00036 (1.00158 to 1.00230). These results demonstrate that the MCNP-calculated 

eigenvalue agrees well with both the ASUDAS and the PDQWS eigenvalues. 
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