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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/ma. 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 O 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 correctiy reported. This was a typographical error in the

EDF only. Caiculations 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 burnup 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 tabies — 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 5.0x1 0% nim?is projected to
occur after 750 EFPDs of irradiation. At 800 EFPDs, muitiple fuel compacts in capsule 3 and capsule

4 exceed the maximum fast neutron fluence requirement of 5.0x10%° n/m?.

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
MCWOQ. 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 W/g, 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 W/g, occurring in the hafnium

shroud of capsule 3 (60° arc facing core center towards SW).

Relative to an aluminum dummy located in the ATR B-10 irradiation position, the AGR-1 capsule
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assembly reactivity worths were calculated with a confidence level of 85% (20) to be:

-0.033% £0.048$% for 0 EFPDs,

0.000% +0.045$ for 250 EFPDs, and

-0.043% +0.048% 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 middie of cycle (MOC) operating conditions and noeminal lobe powers represented by the
requested lobe powers for ATR Cycle 138B (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 wiem?®
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 AGR program requires a minimum fast neutron fluence (E > 0.18 MeV) greater than

1.5x10% n/m? (1.5x10%" n/cm?) and a maximum fast neutron fluence of less than 5.0x10*° n/m®. 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
1.5x10%° n/m? 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, facmg away from core center and towards E), at 450 EFPDs with a value of 1. 533x10% n/m?.

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 B-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 B-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 iobe 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 136A 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 ATR Cycle 131B. The fuel loading and burnup was based upon
the Cycle 131B Physics Report [3]. The peak heating rate results were normalized using the
requested lobe powers for the ATR Cycle 141B.

6. Requested lobe powers for Cycle 138B are 18.0-18.0-24.4-23.0-25.0 MW (NW-NE-C-SW-SE) [4].

7. Requested lobe powers for Cycle 141B are 18.0-18.0-39.0-55.0-55.0 MW (NW-NE-C-SW-SE) [4].
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8. Heating rate values reported for AGR-1 capsule assembly within the ATR B-10 position include
energy deposition from prompt neutrons, prompt gammas, and delayed fission product gammas.

9. A delayed neutron fraction (B) 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.

B-10

Figure 1. Radial Cross Section View of the ATR Reactor Core, B-10 Irradiation Test Position



EDF-7120, Rev. 1 ENGINEERING DESIGN FILE Page 9 of 131
Confirmatory Neutronics Analysis of the AGR-1
Experiment Irradiated in ATR B-10 Position

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 Carlo N-Particle transpart code, was used to model and evaluate the
neutron and gamma heating rates of the AGR-1 capsule assembly components as well as the AGR-1
capsule assembly reactivity worth relative to an aluminum dummy. The depletion methodology MCWQ,
MCNP coupled with OQRIGEN2 [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 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

DWG-628633 0

DWG-628635 2

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 ORIGEN2 libraries 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 0 EFPDs using ATR Cycle 138B requested lobe powers and for 250 EFPDs using ATR
Cycle 141B 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 138B requested lobe powers
for nominal conditions. The AGR-1 fuel compact projected peak fission power density and projected fuel
burnup were calculated using Cycle 138B 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
141B 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 com prised of

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

Graphite holder Capsule 5

Nodes 9-16

Capsule 4
Nodes 17-24

Capsule 3

Fuel compact stack Nodes 25-32

Capsule 2
Nodes 33-40

Capsule 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]

Page 12 of 131

Baseline Variant 1
Parameter Value Value
Nominal compact diameter (mm) 12.34 12.34
Nominal compact length (mm) 25.4 25.4
Table 3. AGR-1 Fuel Compact Data [8]
Baseline Variant 1

Parameter Value Value
U-235 enrichment (wt %) 19.736 18.736
C/U atomic ratio 0.3253 0.3253
O/U atomic ratio 1.3613 1.3613
Kernel diameter {(um) 349.7 349.7
Buffer thickness (um) 103.5 102.5
IPyC thickness (um) 394 40.5
SiC thickness (um) 353 357
Kernel density (Mg/m®) 10.924 10.924
SiC density (Mg/m®) 3.2075 3.206
Compact mass (g) 5.47888 5.3371
U loading (g U/compact) 0.917 0.915
Compact length (mm) 25.066 25123
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 (m®) 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/ma) 1.821714425 1.770547
Compact weight % U 16.73699734 17.14414
Compact weight % O 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
Isotope/ Weight Densitay Calculated Density

Material Element _(g/mole) (Mg/m®) Weight % (atom/b-cm)
C 12.0107 73.2186% 6.68782E-02
Baseline O 15.9994 1.5350% 1.05254E-03
Fuel Si 28.0855 1.8217 8.5094% 3.32391E-03
Compact 235 235.0439 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
Variant1 O 15.9994 1.57235% 1.04786E-03
Fuel Si 28.0855 1.7705 8.8270% 3.35112E-03
Compact (o35 235.0439 3.3836% 1.53491E-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 hoiders 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) (cm) (in}) (cm) Reference
Capsule 6 1.193 1515 400 10.16 DWG-628635, Item 33, sheet 7
Capsule 5 1.196 1519 400 10.16 DWG-628635, Item 31, sheet 7
Capsule 4 1.201 1525 400 10.16 DWG-628635, Item 32, sheet 7
Capsule 3 1.200 1524 400 10.16 DWG-628635, ltem 30, sheet 7
Capsule 2 1.198 1.521 4.00 10.16 DWG-628635, ltem 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 0.3420 400 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, ltem 41, sheets 2, 3, 4, 5, [13]
Type N 3/32 TC Opening 0.092 0.11684 -~ - DWG-628635, ltem 42, sheets 2, 3, 4, 5, [13]
INL TC Opening 0.062 0.07874  -- — DWG-628635, ttem 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) {cc) {g/cc)
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}) {cc) (g/cc)
B4C 0.07000 0.02778 252

B-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
Isotope/ Weight Density Density
Material Element  (g/mole) (Mg/m™) {atom/b-cm)
B-10 10.012937 8.44623E-04
5.5W% B4C B-11 11.0093055 1.77013 3.39971E-03
C 12.0107 8.49338E-02
Total 8.91781E-02
B-10 10.012937 1.08008E-03
7.0 W% B4C B-11 11.0093055 1.77853 4.34744E-03
C 12.0107 8.42800E-02
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
240° arc with the midpoint facing core center. For the MCNP model, the hafnium shroud is subdivided

azimuthally into 4 equal-sized cells/nodes {see Figure 2 for details).

Table 8. AGR-1 Hf Shroud Dimensions

OQuter Outer Inner Inner
Diameter Radius Diameter Radius
Component {in) {cm) (in) {cm) Reference

Hf Shroud (240° 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} (gmicc)
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/imole) (glcm:‘) Weight % {atom/b-cm)
H 1.00794 0.000300% 2.1977E-05
B-10 10.01294 0.000010% 7.3375E-08
B-11 11.00931 0.000040% 2.6861E-07
C 12.0107 0.006900% 4 2420E-05
N 14.0067 0.002000% 1.0543E-05
e} 15.9994 0.028000% 1.2922E-04
Mg 24.305 0.001000% 3.0380E-06
Al 26.98154 £.004100% 1.1220E-05
Si 28.0855 0.002500% 6.5727E-06
Ti 47.867 0.003900% 6.0161E-06
Vv 50.9415 0.001000% 1.4495E-06
Cr 51.9961 0.002000% 2.8402E-06
Mn 54.93805 0.002000% 2.6881E-06
Hf Fe 55.845 12.261 0.022500% 2.9750E-05

1.76% Zr ) 9 -
-10% Co 58.9332 0.000500% 6.2647E-07
Ni 58.6934 0.002500% 3.1451E-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% 6.2201E-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
u23s 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 (}Jmole) (gLIcmz) Weight % (atom/b-cm)
H 1.00794 0.000300%  2.2968E-05
B-10 10.01294 0.000010%  7.6684E-08
B-11 11.00931 0.000040%  2.8073E-07
C 12.0107 0.006900%  4.4333E-05
N 14.0067 0.002000%  1.1019E-05
O 15.9994 0.028000%  1.3505E-04
Mg 24.305 0.001000%  3.1750E-06
Al 26.98154 0.004100%  1.1726E-05
Si 28.0855 0.002500%  ©6.8692E-06
Ti 47 867 0.003900%  6.2874E-06
vV 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
235%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%  4.1531E-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 07.549450%  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%  4.4461E-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 8S Component Dimensions

Outer OQuter Inner Inner
Diameter Radius Diameter Radius
Component (in) (cm) (in) {cm) Reference
SS Shroud {120° 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, ltem 22, sheet 8
SS Capsule Body 1.406 1.78562 1.298 1.64846 DWG-628635, Item 16, sheet 7
DWG-628635, ltems 18, 18, 20,
SS Capsule Top Head 1.406 1.78562 -- -- 21, sheet 8
SS Capsule Bottom 1.406 1.78562 - - DWG-628635, Item 16, sheet 7

4.7 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 mode! 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

QOuter  Outer Inner Inner
Diameter Radius Diameter Radius Height Height

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

Top

Graphite Spacer 1.180 1.49860 0.250 0.31750 0.2100 0.5334 DWG-628635, ltem 35, sheet 8

Grafoil Spacer 1.175 1.49225 0.125 0.15875 0.0630 0.16002 DWG-628635, ltem 38, sheet 7
Bottom

Graphite Spacer 1180 1.49860 0.250 0.31750 0.2100 0.5334 DWG-628635, Item 36, sheet 8

Grafoil Spacer 1175 1.49225 -- -- 0.0630 0.16002 DWG-628635, item 39, sheet 8
Model Dimensions

Top

Graphite/Grafoil/He

Spacer Combined 1.519 - - - 0.86868

Bottom

Graphite/Grafoil/He _ 1519 _ _ _ 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 (em?) {cm) (cc) Volume (glcc) (gm)
Upper
Grafoil 5.5652 0.16002  0.89054 25.06% 1.12 0.9974
Spacer Wall 0.7275 0.5334 0.38805
Spacer Floor 4.6455 0.2159  1.00296 39.15% 171 2.3780
Helium (calculated) 1.27181 35.79% --
Total 3.55336 100.00% --
Lower
Grafoil 5.9484 0.16002 0.95186 26.79% 112 1.06609
Spacer Wall 0.8397 0.5334  0.44790
Spacer Floor 4.8077 0.2159  1.03798 41.82% 17 2.54086
Helium (calculated) 1.11562 31.40% -
Total 3.55336 100.00% -

MCNP (Graphite/Grafoil/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 25.06% 1.4074E-02
C (Natural 4.7638E-02
Graphite Spacer (Natural) 39.15% 3.3564E-02 63
He He 35.79% 3.5792E-05 -
Lower Combined Spacer
Grafoil 26.79% 1.5043E-02
N | .0896E-
Graphite Spacer CNatwral) 1 s2%  3.5853E-02 5-0896E-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 [1 3], [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) (gﬁmﬂ Weight % (atom/b-cm)
C 12.0107 0.031% 1.3165E-04
Al 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% 1.5951E-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
B-10 10.01294 0.0003% 5.9244E-07
B-11 11.00931 0.0012% 2.1688E-06
0] 15.9994 39.6914% 4.9301E-02
MgO Mg 24.305 60.2354% 4.9252E-02
Insulation A! 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
. . Si 28.0855 1.40% 2.5516E-03
N'c\'ﬁf’r: NP Cr 51.9961 8.5 14.20% 1.3979E-02
Ni 58.6934 84.40% 7.3608E-02
Total 100.00% 9.0139E-02
. . Mg 24.305 0.10% 2.1185E-04
NicTosiINN-— g 28.0855  8.55 4.40% 8.0665E-03
Ni 58.6934 95.50% 8.3778E-02
Total 100.00% 9.2057E-02
. s s Mg - - 1.0592E-23
NrostiNisil s - _ - 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
Isotope/ Weight Density Density

Material Element (g/mole) Lg/cm3) Weight % (atom/b-cm)
Na 22.98977 0.0001% 2.6562E-07
Al 26.98154 0.0005% 1.1316E-06
Si 28.0855 0.0050% 1.0871E-05
Molybdenum K 39.0983 0.0007% 1.0933E-06
ASTM B387 Cr 51.9961 1014 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% 6.3661E-02
] 15.9994 47.1000% 6.8963E-02
AI203 Na-23 22.98977 0.1338% 1.3633E-04
Insulation Al 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% 1.5361E-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%2Zr 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
o] 15.9994 15.1407% 5.1575E-02
Al 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
Isotope/ Weight Density Density
Material Element (g/mole) (glcm3) 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
Al 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 B387 Ti 47.867 1014 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 1.5361E-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 5.8191E-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 3.2841E-05 5.9082E-04
W 183.84 8.4220E-07 1.5151E-05
Total 100.00% 5.5586E-02
C 12.0107 0.0350% 2.9226E-04
N 14.0067 0.0200% 1.4321E-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 Radius Diameter Radius

Component (in) (cm) (in) (cm)
Type N (1/16”)

Nisil 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) ® - 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 - --

Al,O; 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) ® -- 0.02694 -- -

Al,Oj3 Insulation (adjusted) ° -- 0.7112 - 0.02694
INL (1/16")

Tantalum 0.025 0.03175 0.015 0.01905

Moly Wire 0.0092 0.011684 -- -

Nb1Zr Wire 0.0083 0.010541 -- --

HfO2 Insulation 0.0417 0.052959 -- --

Nb1Zr Sheath 0.0620 0.07874 0.0417 0.052959
Model Dimensions

Tantalum © 0.0092 0.011684 - -

0.0083 0.010541 -- --

4.9

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

calculated using equivalent volumes.

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
Isotope/ Weight Density Density
Material Element (g/mole) (g/cms) Weight % (atom/b-cm)
Na 22.98977 0.0001% 2.6562E-07
Al 26.98154 0.0005% 1.1316E-06
Si 28.0855 0.0050% 1.0871E-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% 6.3661E-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
Isotope/ Weight Density Density
Material Element (g/mole) (glem’) (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 TT1 TT2 TT3 TT Total
gas line 2 10 -- -- 10
6 Type N (1/16™) -- -- 5 -- 5
(Top) INL TC (1/167) 2 -- 3 6 9
Type N (3/327) 3 -- -- -- -
gas line 2 8 - -- 8
5 Type N (1/16") 1 -- 4 -- 4
INL TC (1/167) 2 -- 2 5 7
Type N (3/327) -- - -- -- -
gas line 2 6 -- -- 6
4 Type N (1/167) 1 -- 3 -- 3
INL TC (1/16”) 2 -- 2 3 5
Type N (3/327) -- -- -- -- --
gas line 2 4 - - 4
3 Type N (1/167) 1 -- 2 -- 2
INL TC (1/167) 2 -- 1 2 3
Type N (3/327) -- -- -- -- -
gas line 2 2 -- -- 2
2 Type N (1/167) 1 -- 1 -- 1
INL TC (1/16™) 2 -- -- 1 1
Type N (3/327) -- - -- -- --
gas line 1 -- -- - -
1 Type N (1/16") 1 -- -- -- -
(Bottom) INL TC (1/16") 1 -- - - -
Type N (3/327) -- -- -- -- -
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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-775TCs TCs SPC-775TCs 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 -

412 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, S8 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) {cm) (in) (cm) Reference
Lower Graphite Spacer @ AGR _ .
Assembly Bottom 1.280 1.62560 -- DWG-628633, Detail 11
SS surrounding Lower Graphite DWG-628633, Detail 12 &
Spacer 14060 1.78562 1180  1.49860 G 623635, ltem 16, Sheet 7
SS Cap below Lower Graphite DWG-628633, Detail 12 &
Spacer 14060 178362 - ~  DWG-623635, ltem 16, Sheet 7
. DWG-628633, Detail 12 &
SS Capsule Train End 14060 1.78562 1.180 1.49860 DWG-623635, Item 16, Sheet 7
Water inside Assembly Bottom .
(Capsule Train End) 1.180 1.49860 - -- DWG-628633, Detail 12
Gas Region above Assembly 1.4060 1.78562 -- -- DWG-628635, Item 16, Sheet 7
Water surrounding AGR .~ 1.9050* 14060 178562 DWG-628635, Item 16, Sheet 7

Assembly (within B-10 Position)

*Note - This is the outer radius for the ATR B-10 Irradiation Test Position.

413 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-Y 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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Figure 4. MCNP X-Y Cross Section of a Generic AGR-1 Experiment Capsule Assembly.
(Components shown include: Graphite Holder, Thru Tubes, Fuel Compacts, SS Sleeve, HfISS
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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Gas Region with Gas Lines and TCs

N
Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs

Figure 5. MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 6 and
B4C Region within Capsule 6
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Gas Regign with Gas Lines and TCs

N
Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs

MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 5 and

Figure 6.
B4C Region within Capsule 5
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Gas Region with Gas Lines and TCs

N
Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs

Figure 7. MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 4 and
B4C Region within Capsule 4
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Gas Region with Gas Lines and TCs

N
Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs

Figure 8. MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 3 and
B4C Region within Capsule 3



EDF-7120, Rev. 1 ENGINEERING DESIGN FILE Page 32 of 131
Confirmatory Neutronics Analysis of the AGR-1
Experiment Irradiated in ATR B-10 Position

Gas Region with Gas Lines and TCs

N
Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs
Figure 9. MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 2 and

B4C Region within Capsule 2
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Gas Region with Gas Lines and TCs

“( * /)

N7

Region with Capsule Body, Shroud, Sleeve, B4C, Fuel Compacts,
Thru Tubes, Gas Lines and TCs

Z

Figure 10. MCNP X-Y Cross Section Views of Gas Region above AGR-1 Capsule 1 and
B4C Region within Capsule 1



EDF-7120, Rev. ] ENGINEERING DESIGN FILE Page 34 of 131
Confirmatory Neutronics Analysis of the AGR-1
Experiment Irradiated in ATR B-10 Position

5.0 Analysis and Calculations

MCNP was used to caiculate 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 EFPD’s for the ATR B-10 position.

MCNP reports tally results normalized per source particle. The flux tallies have units of neutrons/cm?® 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-caiculated flux tallies and heating tallies
reported by this EDF.

Neutron Flux Normalization Factor

Note, the MCNP f4 taily has units of 1/cm? per source neutron.

. . 3
L 1
( fission neu rons}[ ﬁsszon]( Mel J: Fhec Normalizaiton

fission MeV )| MW ~5

core power

0’6 fission neutrons

2.43 fission neutrons \(  fission | 6.24146x10" MeV
200 MeV MW -5

core power

J=7.583x1

fission -s

core power

Neutron/Gamma Heating Normalization Factor

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

fission neutrons \{ W —s
MW —s MeV

) = Heat Normalization

0 fission neutrons — W
— MeV

core power

7.583x10' fission neutrons | 1.60219x10™°W —s
MW —s MeV

COYE powery

]=1.215x1
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Delaved Fission Product Gamma Heating Normalization Factor

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

delayed fission photons [ ﬁssion} MeV (W -5
fission MeV )| MW -5 \ MeV

core power

j = Heat Normalizaiton

8.9603 delayed fission photons ) fission ) 6.24146x10"® MeV | 1.60219x10™°W —5 3
200 MeV MW ) MeV

core power

fission

delyed fission photons — W
MW - MeV

care power

4.48015x10*

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 calcuiations foliows.

kcode 25000 1.01 5 80

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

ol 21 e

ton \ g-atoms \ mole )\ fission \ MeV N sec fon - fission

(quj 1.0x10°g mole 6.02214x10% atoms | 204.55 MeV’
100 ton 237.46 g - atoms mole fission

GW -day
ton - fission

1.60219x107° W -sec 1 day 1GW
MeV 86400 sec | 1x10° W

]=FIAM-9.6
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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

V&V
Code Name Version Tracking Number
MCNP 5 (Release 1.30) 171103, 198740
MCWO 0 149879
ORIGEN2 2.1 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 ATR core [17], [18], [18]. 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 MCNPS5 installations.

Computer
System Property
Name Computer Model Processor Operating System | Number
goughd2 Delil 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, gce 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 MCWO/QORIGEN2 installations.

Computer T
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 W/g 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 141B total core power of 185.0 MW), the maximum neutron/gamma heating rate was calculated to
be 19.19 W/g 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
neutron/gamma 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
(Wig)
Lower Graphite Spacer @ AGR Assembly Bottom 1.62
S8 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
SS AGR Capsule Body (All 6 Capsuies) 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 Gam_m a

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
SS @ 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) 476
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)

Page 39 of 131

Neutron/ Neutron/
Capsule 6 - top Ic-l;:::inr:g Capsule 5 ﬁ:’a‘:ir:;
(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 Botiom 2.21 SS Capsule Bottom 2.69
SS Sleeve 2.02 SS Sleeve 2.64
Hf Shroud* - Hf Shroud* --
Position 1 (60 degree arc)* 7.38 Position 1 (60 degree arc)* 9.72
Position 2 (60 degree arc)”* 5.81 Position 2 (60 degree arc)* 7.73
Position 4 (60 degree arc)” 574 Position 4 (60 degree arc)* 7.60
Position 5 (60 degree arc)* 7.50 Position 5 (60 degree arc)* 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 7-60 Mo Wires 2.91
T-50 Nb1Zr Wires 1.85 T-50 Nb1Zr Wires 2.93
T-50 HfO2 insulation 2.66 T-50 HfO2 insulation 410
T-50 Nb1Zr Sheaths 1.90 T-50 Nb1Zr Sheaths 2.77
T-N (1/16") Nicrosil/Nisil Wires 1.63 T-N (1/16"} Nicrosil/Nisil Wires 2.40
T-N (1/16") MgO insulation 1.42 T-N (1/16") MgO insulation 2.23
T-N (1/16"} Inconnel Sheath 1.64 T-N (1/18") Inconnel 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 Nb1Zr Wires 1.84 T-50 Nb1Zr Wires 2.75
T-50 HfO2 insulation 2.59 T-50 HfO2 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)
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Neutron/ Neutron/
Capsule 6 - top ﬁ:;{:; Capsule 5 S:::il: ;
(WI& (WQ
B4C Opening - Center - B4C Opening - Center --
T-50 Nb1Zr Sheath 2.16 Nothing --
T-50 HfO2 Insuiation 3.15 --
T-50 Mo Wires 2.20 --
T-50 Nb Wires 215 -~
T-50 Ta barrier 3.65 --
B4C Opening - 1 -~ B4C Opening - 1 --
T-50 Nb1Zr Sheath 2.44 T-50 Nb1Zr Sheath 3.46
T-50 HfO2 Insulation 3.58 T-50 HfO2 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 Ta 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 {1/18") Inconnel Sheath 2.23
T-N (3/32") Al203 Insulation 1.36 T-N (1/16") MgQO Insulation 2.01
T-N (3/32"} Nicrosil/Nisil Wires 1.50 T-N (1/16") Nicrosil/Nisil Wires 2.30
B4C Opening - 4 - B4C Opening - 4 -
T-N (3/32") - T-50 Nb1Zr Sheath 2.65
T-N (3/32") Moly Sheath 1.79 T-50 HfO2 Insulation 3.82
T-N (3/32") Al203 Insulation 1.40 T-50 Mo Wires 2.69
T-N {3/32") Nicrosil/Nisil Wires 1.49 T-50 Nb Wires 272
-- 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") Al203 Insulation 1.58 -
T-N (3/32") Nicrosil/Nisil Wires 1.78 -
B4C Opening -6 -- B4C Opening - 6 --
Nb Gas Line (In) 2.1 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)
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Neutron/ Neutron/
Capsule 4 ﬁ:::ir:; Capsule 3 ﬁ:::ir:;
(W/g) (Wig)
SS Capsule Top Head 2.69 SS Capsule Top Head 2.84
Graphite/Grafoil Spacer Top 2.61 Graphite/Grafoil Spacer Top 274
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 264
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 HfOZ insulation 465 T-50 HfQ2 insulation 482
T-50 Nb1Zr Sheaths 312 T-50 Nb1Zr Sheaths 3.27
T-N (1/16") Nicrosil/Nisil Wires 2.77 T-N (1/16") Nicrosil/Nisil Wires 2.70
T-N (1/16") MgO insulation 252 7T-N (1/16") MgQ insulation 247
T-N (1/16") Inconnel Sheath 2.70 T-N (1/18") Inconnel Sheath 2.69
TT3 Contents - 3 T-50's -- TT3 Contents - 5 T-5Q0'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 HfO2 insulation 4.54 T-50 HfO2 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)
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Neutron/ Neutron/
Capsule 4 S:gt‘ir:; Capsule 3 ﬁ:z:ir: ;
(Wig) (Wig)
B4C Opening - Center - B4C Opening - Center --
T-50 Nb1Zr Sheath 3.53 Nothing -
T-50 HfO2 Insulation 5.11 --
T-50 Mo Wires 3.67 --
T-50 Nb Wires 3.64 -
T-50 Ta barrier 5.72 -
B4C Opening - 1 -- B4C Opening - 1 -
Nothing -- T-50 Nb1Zr Sheath 4.21
-- T-50 HfO2 Insulation 6.17
-- T-50 Mo Wires 4.27
- T-50 Nb Wires 4.20
-- T-50 Ta barrier 517
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 273
B4C Opening - 4 -- B4C Opening - 4 --
T-50 Nb1Zr Sheath 3.08 T-50 Nb1Zr Sheath 3.14
T-50 HfO2 Insulation 4.48 T-50 HfO2 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 Ta barrier 4.45 T-50 Ta 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




EDF-7120, Rev. 1

ENGINEERING DESIGN FILE

Confirmatory Neutronics Analysis of the AGR-1
Experiment Irradiated in ATR B-10 Position

Table 29. MCNP-Calculated Neutron/Gamma Heating Rates for AGR-1

Capsule Assembly Components (0 EFPDs) (continued)
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Neutron/ Neutron/
Capsule 2 ﬁ::t‘inr: ; Capsule 1 - bottom S::t]il:;
(Wig) (Wig)
SS Capsule Top Head 2.76 S8 Capsule Top Head 2.41
Graphite/Grafoil Spacer Top 2.59 Graphite/Grafoil Spacer Top 2.20
Graphite Holder (7.0% B4C)* - Graphite Holder (5.5% B4C)* -
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 Capsuie Bottom 2.46 SS Capsule Bottom 1.89
SS Sleeve 278 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 & (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 (1/16") Nicrosil/Nisil Wires 2,55 -
T-N (1/16") MgO insulation 2.33 --
T-N (1/16") 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 HfO2 insulation 4.59 -
T-50 Nb1Zr 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)
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Neutron/ Neutron/
Capsule 2 S:;rt';:s Capsule 1 - bottom g:gt'ir:;
(Wig) (Wig)
B4C Opening - Center - B4C Opening - Center -
Nothing - Nothing -
B4C Opening - 1 -- B4C Opening - 1 -
T-50 Nb1Zr Sheath 3.90 Nething --
T-50 HfO2 Insulation 5.83 --
T-50 Mo Wires 412 --
T-50 Nb Wires 420 --
T-50 Ta barrier 6.38 -
B4C Opening - 2 -~ B4C Opening - 2 --
Nb Gas Line (Out) 3.53 Nb Gas Line (Out) 312
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 219
B4C Opening - 4 -- B4C Opening - 4 -
T-50 Nb1Zr Sheath 3.07 T-50 Nb1Zr Sheath 2.69
T-50 HfO2 Insulation 4.49 T-50 HfO2 Insulation 3.97
T-50 Mo Wires 3.17 T-50 Mo Wires 2.9
T-50 Nb Wires 2.92 T-50 Nb Wires 2.62
T-50 Ta barrier 4.71 T-50 Ta 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
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Neutron/ Neutron/
Capsule 6 - top S::t‘ir:g Capsule 5 S:::ir:;
(Wig) (Wig)
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)* 15.44
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 & (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) 512
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 HfO2 insulation 4.43 T-50 HfO2 insulation 6.98
T-50 Nb1Zr Sheaths 3.14 T-50 Nb1Zr Sheaths 4,79
T-N (1/16") Nicrosil/Nisil Wires 2.68 T-N (1/16") Nicrosil/Nisil Wires 4.16
T-N (1/16"} MgO insulation 2.37 T-N (1/16") MgO insulation 3.81
T-N (1/16") Inconnel Sheath 272 T-N (1/16") Inconnel Sheath 412
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 Nb1Zr Wires 3.32 T-50 Nb1Zr Wires 5.30
T-50 HfO2 insulation 4.58 T-50 HfO2 insulation 7.48
T-50 Nb1Zr Sheaths 3.28 T-50 Nb1Zr Sheaths 513

* 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)
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Neutron/ Neutron/
Capsule 6 - top ﬁ:::ir:; Capsule 5 S:::i':;
(Wig) (Wig)
B4C Opening - Center -- B4C Opening - Center --
T-50 Nb1Zr Sheath 3.64 Nothing -
T-50 HfO2 insulation 5.27 -
T-50 Mo Wires 3.28 --
T-50 Nb Wires 412 -
T-50 Ta barrier 4.40 -
B4C Opening - 1 -- B4C Opening - 1 --
T-50 Nb1Zr Sheath 3.97 T-50 Nb1Zr Sheath 5.83
T-50 HfO2 Insulation 5.81 T-50 HfO2 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 Ta barrier 1213
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 217 T-N (1/16") MgO Insulation 3.38
T-N (3/32") Nicrosil/Nisil Wires 2.36 T-N (1/16") Nicrosil/Nisil Wires 3.7
B4C Opening - 4 -- B4C Opening - 4 -
T-N (3/32") -- T-50 Nb1Zr Sheath 4.76
T-N (3/32") Moly Sheath 3.09 T-50 HfO2 Insulation 6.99
T-N (3/32") Al203 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 Ta barrier 9.28
B4C Opening - 5 -- B4C Opening - 5 --
T-N (3/32") Moly Sheath 3.49 Nothing -
T-N (3/32"} Al203 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 Neutron/Gamma Heating Rates for AGR-1
Capsule Assembly Components (250 EFPDs) (continued)
Neutron/ Neutron/
Capsule 4 ﬁ:::ir:; Capsule 3 ﬁ:::;:;
(Wig) (Wig)
SS Capsule Top Head 4.64 SS Capsule Top Head 4.87
Graphite/Grafoil Spacer Top 442 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
1.6”- 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 517
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-60 Mo Wires 5.60 T7-50 Mo Wires 5.78
T-50 Nb1Zr Wires 5.62 T-50 Nb1Zr Wires 5.91
T-50 HfO2 insulation 7.94 T-50 HfO2 insulation 8.16
T-50 Nb1Zr Sheaths 5.32 T-50 Nb1Zr Sheaths 5.60
T-N (1/16") Nicrosil/Nisil Wires 463 T-N (1/16") Nicrosil/Nisil Wires 4.72
T-N (1/16") MgQ 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 Nb1Zr Wires 6.23
T-50 HfO2 insulation 8.51 T-50 HfOZ 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 Neutron/Gamma Heating Rates for AGR-1
Capsule Assembly Components (250 EFPDs) (continued)
Neutron/ Neutron/
Capsule 4 g:::i':; Capsule 3 CH;:;Tt‘ir:;
(Wig) (Wig)
B4C Opening - Center -- B4C Opening - Center --
T-50 Nb1Zr Sheath 6.20 Nothing -
T-50 HfO2 Insulation 8.93 -
T-50 Mo Wires 5.98 --
T-50 Nb Wires 6.10 -
T-50 Ta barrier 9.73 --
B4C Opening - 1 - B4C Opening - 1 -
Nothing -- T-50 Nb1Zr Sheath 713
-- T-50 HfO2 Insulation 10.35
-- T-50 Mo Wires 6.95
-- T-50 Nb Wires 7.39
-- T-50 Ta 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 452
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 458
B4C Opening - 4 -- B4C Opening - 4 --
T-50 Nb1Zr Sheath 5.52 T-50 Nb1Zr Sheath 5.87
T-50 HfO2 Insulation 8.06 T-50 HfO2 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 Ta barrier 10.89 T-50 Ta 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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Capsule Assembly Components (250 EFPDs) (continued)
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Neutron/ Neutron/
Capsule 2 S:::ir:; Capsule 1 - bottom ﬁ:;':ir:;
(Wig) (Wig)
SS Capsule Top Head 4.79 SS Capsule Top Head 422
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 arc)* 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) 517
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 Nb1Zr Wires 5.87 -
T-50 HfO2 insulation 8.30 --
T-50 Nb1Zr 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)
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Neutron/ Neutron/
Capsule 2 ﬁ:::;:g Capsule 1 - bottom ﬁ:::m;
(Wig) (Wig)
B4C Opening - Center -- B4C Opening - Center --
Nothing - Nothing --
B4C Opening - 1 - B4C Opening - 1 --
T-50 Nb1Zr Sheath 6.80 Nothing --
T-50 HfO2 Insulation 9.85 --
T-50 Mo Wires 6.77 --
T-50 Nb Wires 6.76 --
T-50 Ta 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 Nb1Zr Sheath 5.48 T-50 Nb1Zr Sheath 492
T-50 HfO2 Insulation 7.99 T-50 HfO2 Insulation 711
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 Ta barrier 7.19 T-50 Ta 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 (Wig)

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")} Al203 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 273
INL TC

T-50 Nb1Zr Sheath 4.21

T-50 HfO2 Insulation 6.17

T-50 Mo Wires 4.27

T-50 Nb Wires 4.20

T-50 Ta barrier 7.21
Nb Gas Lines 4.03
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Confirmatory Neutronics Analysis of the AGR-1
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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 (Wig)

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 517
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") Al203 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 HfO2 Insulation 10.35

T-50 Mo Wires 6.95

T-50 Nb Wires 7.39

T-50 Ta barrier 14.02
Nb Gas Lines 6.67
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Table 33. MCNP Calculated Density for AGR-1 Capsule Assembly Components (0 EFPDs)

MCNP
Calculated
Density
AGR-1 Component (glce) 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) 12.2608 | (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") Al203 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 HfO2 Insulation 9.04968 All Capsules
T-50 Mo Wires 10.1392 | All Capsules
T-50 Nb Wires 8.57014 | All Capsules
T-50 Ta 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 Al-dummy in the B-10 position, MCNP calculated K to be 1.00194(+0.00018).
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 K¢« to be 1.00169 (£0.00018), 1.00194 (+0.00018), and 1.00162
(+0.00017), respectively. The reactivity worth in dollars was calculated using the given equation and value for
B (the delayed neutron fraction p = 0.0075 [5]).

K
p$ zgn(KCaseA,B,oer/ﬂ

Re ference Case

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

Aluminum Relative
Kess Kt Error Reactivity Worth

Case Description (o) ($)

Actual ATR Critical Condition 1.000000 - -

Reference Case — Al dummy in B-10 1.001940 +0.00018 0.0000 +0.048
Case-A (AGR-1 in B-10, 0 EFPDs) 1.001690 +0.00018 -0.0333 £0.048
Case-B (AGR-1 in B-10, 250 EFPDs) 1.001940 +0.00017 0.0000 +0.045
Case-C (AGR-1 in B-10, 250 EFPDs w/He-3) 1.001620 +0.00018 -0.0426 =0.048

The calculated reactivity worth (p$) for case-A is -0.033$, case-B is 0.000$, and case-C is -0.043%. Using the
calculated error band (0.00018), the calculated AGR-1 experiment reactivity insertion (p25$) within a 95%

confidence level (2c) relative to ATR actual critical conditions (1.0000) was calculated as follows.

b § = En(l.OOOO +2x 0.00018)/0.0075 _0.0488
1.0000
p,.8 = én(mooo —2x0.000181 5 5075 — —0.0488
1.0000
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The AGR-1 capsule assembly reactivity worths relative to an aluminum dummy were calculated to be:
-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/cm®) and burnup (% FIMA and GWd/t) were
evaluated from 0 EFPDs to 800 EFPDs for nominal MOC operating conditions (OSCC positions at

06.0°- 84.8°- 82.1°- 85.5° 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/cm?® 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#) 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 1.5x10%° n/m?
(1.5x10%" n/cm?) and a maximum fast neutron fluence of less than 5.0x10%° n/im? (5.0x10%" nfem?) [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 1.5x1 0% n/m? 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 1.533x10% n/m? (1.533x10" n/cm?®).

The maximum fast neutron fluence requirement of 5.0x10%° n/m? (5.0x1 0% n/em?) is projected to occur after
750 EFPDs of irradiation. At 800 EFPDs, multiple fuel compacts in capsule 3 and capsule 4 will exceed
5.0x10% n/m?.
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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
Node ID| core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/em”) (% 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 4419 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 7217 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 1.1 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-18 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 7211 1.08 78.78 1.70
Node-22 225 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-30 -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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/em®) (% 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 1.1
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 1.08 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 72.214 1.19 74.54 1.82
Note: 1) All table values have a relative uncertainty band of 16 =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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA){ (W/icm®) (% FIMA)| (W/em®) (% 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-100 14.75 23.7 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 2437 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-104 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-113 425 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 4510 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 0.00 398.03 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 = 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
Node ID | core center Densnty Burnup Densuy Burnup Densﬂy Burnup | Densit y Burnup
(in) (Wicm®) (% 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 59.76 219 63.04 2.71 65.31 3.26
Node-3 15.25 56.11 1.69 59.31 217 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 2.9 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 4.26 100.45 5.10
Node-10 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 76.46 213 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 3.98 115.44 490
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 4.29 123.77 531 127.45 6.38
Node-26 -2.25 99.1 2.74 106.67 3.60 115.94 453 122.42 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 4.16 118.95 512
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 3.29 104.75 413 110.55 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 2.1 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 2.1 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 = 2.5%.

2) MCNP-calcuiated 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% 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 2.1 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 94.97 421
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 89.27 293 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 3.26 107.22 412 114.14 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 3.26 109.54 413 116.42 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 3.1 109.96 4.02 116.21 497 119.17 5.98
Node-81 -7.75 105.36 3.12 110.71 4.03 116.65 4.99 12117 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 77.35 213 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 3.7 105.00 455
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-20 -14.25 82.65 2.32 88.75 3.04 94.59 3.81 99.37 4.63
Node-91 -14.75 74.13 213 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 72.49 253 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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wiem®) (% FIMA)| (Wicm®) (% 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 1.80
Node-103 13.75 36.02 1.00 40.11 1.31 44.78 1.66 50.28 2.05
Node-104 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-108 8.75 45.38 1.14 51.88 1.53 59.38 1.98 67.91 2.50
Node-109 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 84.91 321 91.09 3.95
Node-113 4.25 76.10 2.06 82.81 272 90.07 3.44 96.98 422
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 3.48 102.42 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 2.1 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-130 -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 89.51 412
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 16 = 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
Node ID | core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (Wicm®) (% FIMA)| (W/icm®) (% 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 7412 5.04 75.45 5.68
Node-3 15.25 70.12 3.81 72.78 4.42 75.82 5.05 77.91 5.7
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 79.41 417 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 5.1 106.25 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-17 425 123.60 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 6.02 130.82 712 132.39 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 9.1
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 0.58
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 94.21 495 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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/icm®) (% FIMA)| (W/icm®) (% 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-51 156.25 63.79 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 4.9 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 85.34 541 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 99.49 482 104.62 5.69 108.98 6.59 109.47 7.54
Node-62 8.25 101.97 5.03 104.77 592 108.03 6.83 107.40 7.76
Node-63 7.75 103.86 5.33 106.36 6.23 108.28 7.16 105.78 8.10
Node-64 7.25 111.73 6.43 111.07 7.40 109.01 8.36 104.17 9.31
Node-65 425 118.33 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 7.08 120.53 8.15 114.27 9.19
Node-72 1.25 121.39 7.05 118.20 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 9.1 108.93 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 -10.25 112.00 547 114.86 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 .05
Node-20 -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 87.55 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-85 -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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/icm®) (% 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-102 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-105 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 95.68 524
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 4.60 100.71 543
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-118 225 98.94 3.74 109.14 4.60 114.32 5.54 114.74 6.54
Node-119 1.75 105.82 422 113.01 5.14 115.54 6.12 113.69 7.12
Node-120 1.25 109.61 5.19 113.54 6.14 114.37 713 111.22 8.12
Node-121 -1.75 107.16 521 110.60 6.14 111.56 7.10 108.30 8.07
Node-122 -2.25 102.45 412 107.88 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 -3.75 104.21 3.86 114.17 476 119.50 5.75 122.02 6.79
Node-127 -4.25 108.15 4.26 115.23 519 119.02 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 -7.75 105.58 513 108.64 6.04 109.87 6.99 107.91 7.94
Node-130 -8.25 101.98 412 108.85 5.00 112.39 595 112.45 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 6.40 104.73 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 84.36 442 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¢ = 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
Node ID | core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/icm®) (% 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 3.00 107.65 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 Q.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 16 = 2.5%.

2) MCNP-calculated results were normalized to 22.47 MW East lobe power.



EDF-7120, Rev. ]

ENGINEERING DESIGN FILE
Confirmatory Neutronics Analysis of the AGR-1
Experiment Irradiated in ATR B-10 Position

Page 78 of 131

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
Node ID | core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (Wicm®) (% FIMA)| (W/icm®) (% FIMA)| (W/icm™) (% 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 10.46 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 4.25 100.79 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-31 -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 16 = 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
Node ID | core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/em’) (% 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-102 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-104 13.25 81.10 5.82 82.69 6.52 83.58 7.24 81.49 7.97
Node-105 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 8.1 103.92 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 85.67 847
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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/cm®) (% FIMA)| (W/em’) (% 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 10.44 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 17.49
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 16 = 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/icm®) (% FIMA)| (W/em®) (% FIMA)| (W/cm®) (% FIMA)| (W/em’) (% 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 16 = 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) (Wicm®) (% FIMA)| (W/em®) (% 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-104 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 58.20 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-108 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-115 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 90.47 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 ¢ = 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
Node ID | core center Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/icm®) (% 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 35.99 156.72
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 1713 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 10.48
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 10.88 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 4414 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 45.16 156.37 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 16 = 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 Density Burnup Density Burnup Density Burnup Density Burnup
(in) (Wicm®) (% FIMA)| (W/cm®) (% FIMA)| (W/em™) (% FIMA)| (W/em®) (% 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 4495 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 4574 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 17.49 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 4557 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 4417 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 35.1 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 4571 16.28 41.70 17.05 39.38 17.78
Node-35 -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 1o = 2.5%.

2) MCNP-calculated results were normalized to 22.47 MW East iobe 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 Density Burnup Density Burnup Density Burnup Densitay Burnup
(in) {(Wicm™) (% FIMA)| (W/cm™) (% FIMA)| (W/cm®) (% FIMA)| (W/icm™) (% 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 18.75 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-100 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 4410 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-104 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-106 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-108 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 1717
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 4513 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 39.80 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 -8.75 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 17.48 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 4517 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 16 = 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) (Wicm®) (% 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 19.44
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 -71.75 30.78 21.05
Node-34 -8.25 29.55 20.7
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 1 = 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 Density Burnup
(in) (Wicm”) (% 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-30 -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 1c = 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 Density Burnup
(in) Wicm”) (% FIMA)

Stack-2

Node-97 16.25 37.39 14.58
Node-98 156.75 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-104 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-113 425 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 -18.75 40.66 17.62

Note: 1) All table values have a relative uncertainty band of 16 = 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 B-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 x10" x10® | x10" x10% x10" x10% x10™ x10%°
(in) |(nicm®sec) (nfcm?)|(n/icm’sec) (nicm?) |(nicm’sec) (nfem?) |(nfem’sec) (niem?)

Stack-1

Node-1 16.25 0.42 0.00 0.43 1.84 0.43 3.68 0.43 557
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 0.61 522 0.62 7.9
Node-10 9.75 0.60 0.00 D.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 0.64 277 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 8.40
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-30 -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 2.31
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 0.63 273 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 8.53

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 Fluence Flux Fluence
Node ID| center x10" x10%® |  x10™ x10%° x10™ x10% x10™ x10%°
(in) (n/cm®sec) (nlcm®) (nfcm®sec) (n/icm?) {(nlem’sec) (nicm?) |(n/fcm®sec) (nicm?)

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 D0.50 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-63 775 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-65 425 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 8.59%
Node-69 2.50 0.72 0.00 0.74 3.19 0.75 6.44 0.77 8.78
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 8.51
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 Q.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 -1.75 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-80 -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 Fiuence 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 Fluence Flux Fluence
Node ID| center x10" x10® | x10™®  x10® x10"* x10%° x10™ x10%
(in} |(nlem®sec) (nfem®) [(nlem’sec) (nfem?) |(nfcm®sec) (n/em®) |(nlem®sec) (nfcm?)

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 0.40 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 .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-105 10.25 0.53 0.00 0.54 2.31 0.55 4.69 0.56 712
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 0.58 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 0.64 547 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 0.64 547 0.66 8.34
Node-122 -2.25 0.61 0.00 0.62 2.69 0.64 5.46 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 0.64 275 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 0.64 545 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 0.64 547 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-134 975 0.58 0.00 0.59 2.57 0.61 5.19 0.63 7.80
Node-135 -10.25 057 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 0.50 423 0.51 6.43
Node-142 -156.75 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 5.84
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 Fiux and Fast Fluence vs. EFPD
(200-350 days, 19.7% U-235 enriched, irradiated in ATR B-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

Node ID| center x10™ x10% x10™ x10%° x10™ x10%° x10" x10%°

(in) |{nfcm®sec) (nfcm®) [(nfem®sec) (n/cm?) |(nfcm®sec) (n/cm®) |(n/cm’sec) (nfem?
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 14.87
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 13.83 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 D.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 13.38 0.63 16.12 0.83 18.84
Node-10 a.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 B.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 .79 16.45 0.78 19.82 0.76 23.10
Node-20 2.75 0.77 12.74 Q.77 16.08 0.76 18.39 0.75 22.62
Node-21 2.50 0.77 12.85 0.78 16.24 0.77 18.56 0.76 22.83
Node-22 2.25 0.77 12.71 0.77 16.03 0.76 18.32 0.74 22.54
Node-23 1.75 0.76 12.68 0.77 16.00 0.75 18.24 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 18.56 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 18.80 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 -8.75 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 3.65 18.78
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 .62 15.78 0.61 18.43
Node-44 -15.25 0.861 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 B-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 Fiuence Flux Fluence Flux Fluence Flux Fluence
Node ID| center x10™ x10% x10" x10%° | x10™ x10% x10" x10%°
(in) l(nfcm®sec) (nicm?) {nicm®sec) (n/cm?) (n/cm?®sec) (nfcm?) (nicm’sec) (nfcm?)

Stack-3

Node-49 16.25 0.45 7.61 0.45 8.57 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 0.51 156.00
Node-52 14.75 0.51 8.58 0.52 10.81 0.52 13.04 0.52 156.27
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 18.50 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 2277
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 10.86 0.77 23.19
Node-77 -3.50 0.77 12.82 0.79 16.22 0.78 18.59 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 15.80 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 2210
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 -156.25 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 D.58 17.15
Node-95 -16.25 0.55 917 0.55 11.56 0.585 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 B-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 x10" x10%° x10"  x10% x10" x10% x10" x10%°
(in) _|(n/lem®sec) (nfem?) [(nfem®sec) (niem?) |(nficm®sec) (nlem?) |(n/cm’sec) (nlem?)

Stack-2

Node-g7 16.25 0.39 6.65 0.40 8.38 0.40 10.12 0.40 11.86
Node-88 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 0.48 9.87 0.49 11.97 0.49 14.10
Node-102 14.25 0.46 7.76 0.47 9.81 0.48 11.890 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 8.75 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 0.83 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 11.28 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 0.55 919 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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d Fast Flux and Fast Fluence vs. EFPD
d, irradiated in ATR B-10 position)

r 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 x10" x10% x10" x10% x10™ x10% x10" x10%
(in) | (nlcm’sec) (nicm’) (nfcm’sec) (nfcm’) |(n/em®sec) (nfcm?) |(n/cm’sec) (nicm’
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 10.42 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-13 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 2417 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 -156.25 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
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 B-10 position) continued

[ﬁ 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 x10™ x10% x10™  x10®° | x10™ x10%° x10™ x10%°
(in) _|(nlcm’sec) (nfcm’) (nfcm’sec) (nfem?) |(nfem’sec) (nfcm?) |(n/cm’sec) (nlcm”
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 2317 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 2417 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 2411 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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t Flux and Fast Fluence vs. EFPD
R B-10 position) continued

‘7 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 x10™ x10%° x10" x10%° x10™ x10%° x10" x10%°
(in) | (n/cm’sec) (nicm?) (nfcm’sec) (nfcm?) [(n/em’sec) (nfem?) |(n/em’sec) (nfem’
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 1713 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-106 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-108 8.75 0.61 20.73 0.60 23.33 0.59 25.87 0.58 28.38
Node-109 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-134 975 0.64 2211 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-138 -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 B-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 x10" x10%° x10™ x10% x10" x10%

(in) |(nlcm’sec) (nfcm®) (nlcm’sec) _(nfem?) |(nfcm’sec) (nfcm?
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 4417
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 4212
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 B-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

Node ID| center x10™ x10%° x10" x10% x10" x10%

(in) |(nfem’sec) (nfem?) (nlcm’sec) _(nlem?) |(n/cm®sec) (nfcm?
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 4473
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 4476
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 B-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
Node ID | center x10™ x10%° x10™ x10%° x10™ x10%°
(in) |(nfem’sec) (niem?) |(nicm’sec) (nfem?) | (nfem®sec) _(nicm?)

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-104 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-108 8.75 0.57 30.86 0.56 33.29 0.56 35.69
Node-109 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
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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 B-10 position)

[ Node 750 EFPDs 800 EFPDs
mid-point
Stack ID| distance Fast Fast Fast Fast
or to core Flux Fluence Flux Fluence
Node ID| center x10™ x10%° x10™ x10%°
(in) _|(nfem’sec) (n/em?) |(n/cm’sec) (nfcm®)

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 4419
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 B-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 | x10" x10%° x10™ x10%
(in) _|(nfcm’sec) (nicm?®) |(n/cm’sec) (nfcm?)

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 4419
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 4573 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. EFPD
(750-800 days, 19.7% U-235 enriched, irradiated in ATR B-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 x10™ x10% x10™ x10%°
(in) |(nfem®sec) (nfcm?) |(nfecm’sec) (n/cm?)

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-102 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-109 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 4478
Node-119 1.75 0.62 42.44 0.61 45,09
Node-120 1.25 0.61 41.67 0.60 4428
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 4277 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 4413
Node-127 -4.25 0.60 41.65 0.80 4422
Node-128 475 0.59 40.95 0.59 43.51
Node-129 -7.75 0.58 39.89 0.58 42.39
Node-130 -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

ew oo ] Ropl ] ooy To -] Forward + | Deiet ] Fosow up - ] Fosar ~ | Gopy o ew ~ | Ot ] Toois <

Blaine o ANEELIU To [Gray § Chang/GSC/CCOTANEEL/US@INEL
Graver/SBA/CCOIANEELRUS c¢ iMisti A LillofLILLMA/CCOTNEELIUS@INEL A
09/08/2006 03:19 PM iJames R PamPARRJRICCOTINEELUS@INEL. !
[Frances M MarshalfFMMAICCOTANEEL/US@INEL. R
bec -

Subject %E:{“Neulronics Anab;sE;

Gray,

ﬂ Please pertorm the following portion of the confirmatory neutronics analysis for the Advanced Gas Reactor (AGR]} expenment

AGR-1. The analysis should be pedormed using the computer codes MCNP and ORIGENZ coupled via the UNX script MCWO.
The confirmatory neutronics analysis needs to evaluate 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 tuel fission power
density of the AGR-1 fuel compacts, the fuel burmup of the AGR-1 fuel compacts. and the fast neutran fluence (E » 0.18MeV) that
will be experienced by the AGR-1 fuel compads. The neutromics model, anafysis details, and results need to be presented in an
Engineering Design File (EDF)

Thanks
Blaine
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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 1D Cross-Section 1D
36083.50c 93237.37¢
36085.37¢ 93239.37c
43099.60c 94238.98¢
53127.60c 94239.82¢
53129.60c 94240.82¢c
54131.50¢c 94241.82¢c
54135.50c 94242.82¢
55135.60c¢ 95241.98¢
55136.60c 95243.98¢c
58143.37¢ 96242.98¢
60145.50¢ 96244.98¢c
60147.50c 8016.37¢
61148.50c 6012.37¢c
61149.50c 14000.37¢
61151.19¢ 40000.37¢
62147.50c 42000.37¢
62149.50c 13027.37¢
62151.50¢ 2004.37¢
63151.60c 3007.37c
63152.50¢c 5010.37¢
64152.60c 5011.37¢
64155.60c 72174.37¢
64157.60c 72176.37c¢
66164.96¢ 72177.37c
90232.37c 72178.37c
92233.37¢ 72179.37¢c
92234.37¢ 72180.37¢
92235.37¢c 73181.37c
92236.37¢c 74182.37¢
92237.37¢ 74183.37¢

92238.37c 74184 .37¢c
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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 ATR B-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 300°K, was used. The justification for using 2*°U and 22U

cross section evaluated at 300° 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 = .[QO' ®(E) dE.
0

In the ATR, a thermal reactor, the fuel fission power density generated in the specimens with B,C (7 wt%)
graphite holder from the thermal neutron flux (E < 0.625 eV) is about 80%. However, if the graphite
holder contains no B,C, 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, 25 with 92235.37¢ (300°K) and 381 with cross section
92238.37¢ (300°K) was setup as Case-1. Then, the same capsule assembly model with 92235.17¢
(1200°K) and 28 with cross section 92238.17¢ (1200°K) 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 (16=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 300°K @ 1200°K Ratio of
ID (in) (Wicm®) (Wicm?®) 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-17 475 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 300°K @ 1200°K Ratio of
D (in) {(Wicm?) (Wicm®) 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-30 -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 -15.25 563.16 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 300°K @ 1200°K Ratio of
ID (in) (Wicm®) (Wicm®) 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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Gray S To |Misti.Lillo@inl.gov,
Chang/GSC/CCOT/INEELJUS James R Parmy/PARRJRICCOTANEEL/US@INEL
05/25/2006 09:05 AM cc

bee

Subject |Fw: AGR-1 compact data
) Gray Chm i(hiisu&iin Engineer/ Scientist
Reactor & Nuclear Physics
-~ £.0. Box 1625, MS-3885 + Idaho Falls, ID 83415-3779
M‘ Phone: (208) 526-7646

. : gray chatuyind. guv

Idaho Notional Laboratory =0 thanaied.quv

----- Forwarded by Gray S Chang/GSC/CCO1ANEEL/US on 05/25/2006 09:04 AM -
John T

Maki/MKI/CCO1/INEEL/US

T0 Gray § Chang/GSC/CCO1/INEEL/US@INEL

cc Blaine Grover/SBG/CCOT/INEEL/US@INEL, John R Cox/COXIR/CCO1ANEEL/US@INEL, David A
Petti/PTI/CCOIANEELAUS@INEL, Charles M Barnes/BMC/CCOTANEEL/US@INEL, Matthias A
Ebner/MEBNER/CCO1/INEEL/US@INEL

Subje AGR-1 compact data
ct

05/24/2006 04:10 PM

Gray,

The attached spread sheet contains the AGR-1 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.

EE

AGR-1 compact data 052406.xls
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AGR-1 Compact Data (as of date: 5/24/06)
Baseline Variant 1

U-235 enrichment (wt %) 19.736 19.736
C/U atomic ratio 0.3253 0.3253
O/U atamic ratio 1.3613 1.3613
Kernel diameter (um) 3497 3497
Buffer thickness (um) 1035 1025
IPyC thickness {um) 39.4 40.5
SiC thickness (um) 35.3 357
Kernel density (Mg/m*3) 10.924 10.924
SiC density (Mg/m3) 3.2075 3.208

Compact mass (g) 5.47888 5.3371
U loading (g U/compact) 0.917 0.915
Compact length (mm) 25.066 25123
Compact diameter (mm) 12.36 12.36

Mol mass U 237.488052 237.4881
Kemel mass (g) 0.000244606 0.000245
Mass Ufparticle (g/particle) 0.000220731 0.000221
Mass Ofparticle (g/particle) 2.02439E-05 2.02E-05
Yolume SiC/particle (m”"3) 4.99472E-11 5.06E-11
Mass Sifparticle (g/particle) 0.000112224 0.000114
Number particles/compact 415437959 4145319

Effective compact density (Mg/m*3) 1.821714425 1.770547
Compact weight % U 16.73699734 17.14414
Compact weight % O 1.535004345 1.672345

Compact weight % Si 8.509416675 B8.827004
Compact weight % C 73.218581864 72.45851

Sources:

U-235 enrichment, C/U and O/U ratios: BWXT Data Qualification Package

Particle dimensions and densities: Data Compilations reports: ORNL/TM-2006/013
ORNL/TM-2008/020

Compact U loading: Confirmatary Data Package letters: AGR-1051
AGR-1053

Compact dimensions and mass: Based on averages of compacts sent to the INL, listed in
INL letters:
and measurement data in Confirmatory Data Package letters

i« <« » MN\Sheetl/Sheet2 {Sheet3 / f¢i ‘ >
Ready
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Joo PalmerdPJAICCO1AINEELJUS To |Richard G Ambrosek/RGAINON/INEEL/US@INEL, Gray S Chang/GSC/CCOTANEELUS®@INEL

06/08/2008 12:27 PM , Misti A Lillo/UILLMA/CCOT/INEEL/US®INEL. James R ParyPARRJRICCO1ANEE LUS@INEL
¢t {Blaine GroverSBGICCOTANEELUS@INEL, John R Cox/COXJRICCOVINEEL/US@INEL, &

David A PettyPTIICCOV/INEEL/US@INEL, Doug.Miller@graftech.com,

Matthias A EbnedMEBNERICCOTANEEL/US@INEL, v

bee
Subject |AGR-1 GRAPHITE BORON CONTENT - USE NOMINAL VALUES

All,

Yesterday afternoon | 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 form of B4C at 7 weight percent +/- .35% (5 48 wi% boron +/- .27%)
(2) Boron to be added in the form of B4C at 5.5 weight percent +/- .27% (4.30 wi%s boron +/- .22%)

Dick Ambrasek. Blaine Grover and | discussed whether we should use the nominal or measured values for BAC in the physics calculations and we believe
naminal is the better option for the following reasons:

(1) lfwe 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
Gratftech 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 awith
slightly less BAC 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| can tell Graftech's analytical accuracy is roughly the same as our tolerance range on B4C weight percent, i.e., sbout+/-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 +/-5%. This being the case it makes sense to base our calculations on the nominal
valugs.

Heaving argued that the calculations should be based on the nominal values. these are the results Graftech provided in the voicemail:

Measured Nominal (spec value)

5.36% 55%

7.0%.7.3% 2.0%

6.18% NA (this was an extra billet they decided to run half way between our two requested values)

These agree quite well with the litde bitthat has come back so far fram MIT and their prompt gamma analysis (this is an excerpt from Kent Riley's latest email):

“I 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.
| hawve 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, | 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 purify the

6.18% billet down to a value that would fall within our 5.5% +/- .25% specification )

If anyone has any concemns with this logic please bring them up as soon as passible. However, | will be on vacation until June 19th and Blaine Grover (6-4589)
will be your contact point until then.
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Joe Palmer/PJAICCO1/INEELSUS To
05/11/2006 05:27 PM
cc
bec
Subject
History: = This message has been forwarded.

Gray S Chang/GSC/CCOT/INEELJUS®INEL,
Misti A Lillo/LILLMA/CCOT/INEEL/US@INEL,
James R ParrfPARRJR/CCOTANEEL/US@INEL

Blaine Grover'SBG/CCO1/INEELIUS@INEL

HAFNIUM DENSITY AND THICKNESS

my math by recalculating these densities.

HE-LOT-F18P28.pdf | H-LOT-J27P30.pdf Hf-PO50982Certoftnal ipg

I'm sitaching 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| only happen to have chemistry for one lot electronically and so I'm
attaching that as well (| think the only thing that matters is the % Zr- all other impurities are in the ppm range). You'll see l've
written the percent Zr for both lots on the measurement sheets.

| calculated & density of 12.815 g/cc for Lot# J27P30 and a density of 12.25 g/ccfor Lot # F18P28. As | mentioned in my previous
note. | don't know why these densities are so different and why they are considerably less than theoretical. Feel free to check

-

\ Joe Palmer + Mechanical Engineer, PE
Advanced Energy Technologies, ldaho National Laboratory
; Phone: (208) 526-8700 + Email: joe.palmer@inl.gov
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, & Page |
Qb # Hipfoz o 1 W sk o ! ofl
(Operator : Robert Mohney
Part Name : Hafnium Foil )
IPart Ser'al Number : _ot # F18P28
Device Serial Number : P08-02-C4-02471 m
IContraflar Version : 1,28
ICertification Date : 03/15105
Time B Date . Thursgay May 04 09:24:10 2006
Units
C_LENGTHO001 (Constructed Length)
&% Measured  Nominal  +Tol Tol Dev  QutofTol
x £002.0300
ita ¥ © DONY 7838
Fa £009.0002
Langth DO, 2638 V. y.o2
C_LENGTHO002 {Constructed Length)
A Measured Nominal +Tol -Tot Dev  OutofTol
x -D00+ 5308
Leita ¥ G000.0498
z -0080.1581
h 0080.2860 27 ST
C_LENGTHO003 (Constructed Length}
=" Measured Norminal +Tol -Tol Dev Out of Tol
X 0260.8142
neils ¥ -0000. 0220
7 00147147
Largeh 82500465 P X
Scls T 723 Enp. 9-30-0¢

Mess: (500

A3 T’J;-r s# Loy SPfed

1Nt

542006
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(Hf-LOT-J27P30.pdf)

Page 117 of 131

QR Flbld>

Page 1 of 1

C_LENGTHO001 (Constructed Length)

Operator : Robert Mohney

Part Name * Hafnium Foil

Part Serial Number Lot # J27P30
Device Serial Number - P08-02-04-02471
IController Version - 1.28

Certification Date - 03/15/05

Time & Date y May 04 08:56:40 2008
Units(ﬁﬂlimetens i

FARD

A% Measured

Nominal +Tol -Tol Dev Qut of Tol
X 02509338
Dekta ¥ -0000.0228
z
wgn B~ oy
C_LENGTHO002 (Constructed Length)
~*=  Measured Nominal +Tol -Tol Dev Out of Tol
X -0D04 7035
Deita v 00000508
z 1,0
(C 08138 D pa,
C_LENGTHQO03 (Constructed Length)
S&  Measured Nominal +Tol -Tol Dev  OutofTol
X 0000.0000
[Deita ¥ 0000.2530
z 0000
Lengih /m% /™ ne
e e
Mos: 07.6799 Sl CIID 4123 Exe B30

A 3Pl s¢ Cloly 5/%9

X357 2~

5/412006
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(Hf-PO50982CertofAnal.jpg)

0.4 0 Vi1 BN_FROCIRENEN

FAX NO. 978521630 £72%

o D THE RIGHT CHEMICALS
tificate of A“"IVS'S THE RIGHT CHEMISTRY”

( oy Ti Canprs

[

Hafnium foil, 0.25mm (0.01in) thick, 99.5% (metals basis excluding Zr),
Zr nominal 3%

Stock Number: 10793
Lot Number: J27P30

Analysis
Al 41 B <05 C 69
cd 2 Co <5 Cr <20
Cu <25 © TFe~ 225 H <3
Mg <10 Mn <20 Mo <10
N <20 - Nb <50 N <25
o 280 Pb <5 Si <25
Sn <10 Ta <100 Ti 39
U <1 U-235 <0.007 v <10
w <10 Zr 235%
Values given in ppm unless othierwise noted
Certified by:
Quality Control

QA 116103

Alfa Aesar

A Johnson Matthey Company

50 Bond Strcat * Ward Hill, MA 01835—8099 USA « Talephone: (278) 521-6300 Fax; (978) 521-6350
motrtven Catalog Sales: (800) 343-0660 = Technical Services: (B0C) U3-7276 « Specialty/Buli Sales: (§88) 343-5025

L N v
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Joe PalmerlPJACCOTIINEELIUS 10 [James R ParylPARRJRICCO1/INEEUUS@INEL :
06/01/2006 05:27 PM ¢ IMisti & LillofLILLMACCOTANEEL/US@INEL. Blaine Grover/SBG/CCOTINEELIUS@INEL,
Richard G Ambrosek/RGAINON/INEEL/US@INEL
bece
Subject |Re: AGR Graphites ;E]

Jim,

I'm attaching the chemical analysis from the practice batch of graphite Graftech made up for us lastyear. | don'tknow if this is good enough or not as far as
impurities. They are trying ta hold the Fe down to less than half of what they got before. You may wantto wait a couple more days to get Graftech's analysis
ofthe actual Iots we'll be using (this information is expected any day). I'm sure you'll want to wait for that on BAC content.

The chemical analysis is under the "Ash" tak in this spreadsheet. Density is underthe Room Temp tab, buthe said something about this latest batch being
mare dense than the practice batch.

755173 High Temp Properties.xls

~9

Joe Palmer + Mechanical Engineer, PE
. Ardvanced Energy Technologies, ldaho National L aboratory
; Phone: (208) 526-8700 + Email: joe.paimer@inl.gov

b James R Parry/PARRJR/CCO1/INEELAUS

James R Parry/PARRJR/CCO1/INEELJUS
06/01/2006 10:05 AM To JUoe PalmenPJACCOT/INEELAUS@INEL

¢ IMisti A LillofLILLMA/CCOTANEELSUS@INEL
Subject |AGR Graphites

Joe,

Do you have material praperties (major chemical constituents and density} for the graphites used in the AGR experiment? All | was able to getfrom the
Graftech website was information for the grafoil.

Thanks,

Jim
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Mar 02 0S 03:10p Shiva Tech 31% 431 9800
1 ARSI S ~ g ~
(-_‘!II\;’\ l»l«"ll‘ ;t »I.' 1t (II)I\’IS
. R T . ASALY FHC NE b ke ]
Customer GrafTech PO MC
Date. 25-Feb-05 Joo # U0o0798
. Customer 1D Graphite Shiva 1D U050223031
TS5173,2005012704
Element Concentration Eiement Concentration
[ppm wt ] [ ppm wt |
L 0.05 }Ld < 0.1
Be 9.03 Ag <0
B ~ 3 wi% Cd <0
[4 Matnx n <0
N . Sn <05
[o] - _Sb_ <0S
F <5 Te <01
Na 14 | <05
Mg <0S Cs <05
Al 41 Ba 0.83
Si 84 La <05
P 55 Ce 7
S 0.62 Pr 3.1
Cl <005 Nd <005
[ <01 Sm 0.18
Ca 83 Eu 0
Sc <01 [e]] <0.05
T 45 Tb <0.05
vV 7 D <005
| L az Ho, <005
Mn 0.72 Er 0.
Fe 160 Tm <005
B Co 0.38 Yo <008
[ 73 Lu <005
Cu <05 Ht <0.05
2n <05 Ta < 100
Ga <01 W 13
Ge <01 Re <205
As <01 Os <0.05
Se <01 Ir < 0.05
Br <01 Pt <005
Rb <005 Au <0
Sr 0.26 Hg <01 .
Y <008 Ti <0
Zr 024 ) <D
Nt <01 B8i <0
Mo 02 Th 1
Ry <01 U] < 0.1
Rr <31
Page 10f * %
AN IS0 9002 Registered Company Reviewed by i S, -
Thas report snalt not be reprodused except un Full without writier approval nf the labocatary

‘N Room Temp { HT MODULUS-TS-5173-9 )\ Ash { HT Thermal Col< ;
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Joe To  Misti A Lillo/LILLMAICCOVINEELJUS@INEL
Palmer/PJAICCOTS/INEELIUS ce
(52512006 04:53 PM bee
Subject |COMPOSITION OF TYPE N THERMOCOUPLES
History: 3 This message has been fonwarded.
Misti,

These are the Type N TCs used in the lower & capsules. The Type N's used in the top are different

Sheath: .062" 0D x.042" ID, 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.1- NOMINAL COMPOSITIONS OF ANSI
STANDARD BASE-METAL THERMOELEMENT
ALLOYS, AND NICROSIL AND NISIL ALLOYS

ALLOY CHEMICAL COMPOSITION (WEIGHT-%)
ANSI(1) Cr Si Mn Al Co Mg Cu N Fe
DESIGNATION

(+)KP, EP 95 04 bal
{-JKN 10 3.0 20 04 0015 bal
(+}JP 03 bal
(N, EN, TN 1.0 05 54 44 05
(+)TP 100

(+INP tnoosy 142 1.4 bal
(-JNN (nssy 44 0.10 bal

The Type N's in the top capsule are Molybdenum sheathed.

Sheath: 092" OD x .056" ID, 99.9% pure Mo
Insulataion: Al203 99.4% pure
Thermoelements: Approx.015" dia (both) same composition as above.

9

\ Joe Palmer + Mechanical Engineer, PE
* Advanced Energy Technologies, ldaho National Laboratory
; Phone: (208) 526-8700 + Email: joe.palmer@inl.gov




EDF-7120, Rev. ] ENGINEERING DESIGN FILE Page 122 of 131

Attachment H

Attachment H

Richard G To {Misti A Lillo/LILLMA/CCO1INEEL/US@INEL
Ambrosek/RGA/NONAINEELSUS e
0550372006 10:56 AM bec

Subject ‘Ew Thermocouples

— Forwarded by Richard G AmbroseK/RGANONINEELUS on D5/03/2006 10:51 AM —
Joy L
RempefYOJCCOUINEELIUS To |Richard G AmbrosekRGANONINEEL/IUS@INEL
03/22/2006 03:02 PM c¢ [Joe PalmenPIA/CCOTAINEELUS@INEL
Subject {Re:Thermncuuples

L

Dick,

As | mentioned sarlier, there are two types of TCs. Priorto swaging, all wire is 0.010", the insulation has two hales, the MgO has
an 0D of 0.057" with a hole diameter of 0.015", the HIOZ has an OD of 0.057" with & hole diameter of 0.013", the tubes (both
Inconel and Nb1Zr) have an OD of 0.085" with a wall thickness of 0.011". Certifications for all of these materials are attached.

The junction is & very small tantalum tube that we swage onto the two wires. Howewver, | don't think that this is relevant to your
calculation. Ifitis, let me know.

Il look forward to seeing the calculation results!

Joy

crushable hafnia.jpg crushable magnesia.jpg KW Mo H Cross.jpg Nb1Zr Wah Chang.pdf Nb12Zr Tubes.jpg Inc 600 Tubes.ppg

- Joy Rempe - 1daho National Laboratory
\lll, Phone: (208) 526-2897 » Cell: (208) 520-3708 » Fax: (208) 526-2930 »
Email: Joy.Rempe®inl.gov

p Richard G Ambrosek/RGANONANEEL/US
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(crushable hafnia.jpg)

@Ozam Technical
SF I F Ceramics, Inc. |

CRUSHABLE MGO INSULATORS
99.8% OZARK GRADE CUM

X CERTIFICATE OF COMPLIANCE
O SUPPLIER DEVIATION REQUEST

CUSTOMER NAME:  INEEL
CONTRACT NO.: PC5012759

CUSTOMER P/N:  U2057x015-3% (quantity shipped): 616 p¢
OUR JOB NO: 8259 (please refer to this number for all correspondence)

Ozark Technical Ceramics, Inc. certifies 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 MOR = 8500

(quantity packaged): 616 pc _ -

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 Ca0 0.04 Si02: 0.01
Al203: 0.03 Fe203. 0.03
S: 0 C:. 0 8+CD <30 ppm

Values in wt % unless specified. MgO value is by difference of emission spec impurities.

By: {J/mv/, Nadon 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 Lot/Batch number in ali 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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(crushable magnesia.jpg)

Ozark Technical |
' Ceramics, inc. .

X CERTIFICATE OF COMPLIANCE
O SUPPLIER DEVIATION REQUEST

CUSTOMER NAME: Ineel
CONTRACT NO.: PC5012759
CUSTOMER P/IN:  CUH2057x013-2
OUR JOB NO: 8259 {please refer to this number for all correspondence)

Ozark Technical Ceramics. Inc. certifies 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. : 8259.100 MOR: 3150

(quantity shipped): 720 in TR
All OZARK crushable and Hard Fired Hafnium Oxide products are made from the highest purity raw materials
available (Spectro grade). All cationic impurities are below normal detection limits except ZrQ2 which is very
similar in chemical properties and is considered a benign adulterant for the majority of high temperature and
refractory appiications for Hafnium Oxide.

CHEMICAL ANALYTICAL SPECIFICATION :

| spec Typical
Al <500 ppm 36 ppm
Fe: < 500 ppm 36 ppm
Si: <500 ppm 45 ppm
Ti: <500 ppm 24 ppm
C: <500 ppm 3 ppm
Zr < 1.0% 0.39%
(Zro2)* <2.0% 0.54%
total HFO2 >98% 99.44%

l * implied by Zr analysis

Vaiues in ppm unlass specified by vol %. HfO2 value is by difference of emission spec impurities.

Date: 2/6/2006
(save as: Ineel 8259 HUH-Z xis)

HUH-Z.xis on 2/6/2006
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H. CROSS Company
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RO METAL RIBBONS -+

363 PARK AVE., WEEHAWKEN, NJ 07086 U.S.A.

STRIPS %%

TEL (201) 863-1134 FAX NO. (201) 863-9297 EMAIL: INFOC@HCROSSCOMPANY.COM

LO0O0RY D TEMETER

PAYABLE IN U.S. DOLLARS ONLY - “GOODS MADE IN THE USA”

? LoaHD NAT IGNAL LABORATORY : IDAHD MAT nf'JNN L_HE\I HETORY
L ATT: JANICE AL CRARE 1 2 Jov i
L REF /5 3350 P B EROE,
2EES NORTH F RrEMO"‘ AVE . Z2SES NORTH FREEMO "\IY JATRN

; IDaHD FAi: iy + 15 ; 1DaHG FAaLLs, ID 33413
DATE-

QR AL A Ivvwomara/Packing lip % AR
TERMS OF PAYMENT. FOB. ORIGIN WEEHAWKEN, NJ USA

COLLECT OR PRE-PAY & Bitl.
CTANITTTTT URTAER
l LUANTHLY DESCRITTION PHAE AMILIN)
EEALANNNTI i | LY VELRE S8 DRAWN TREMP

This is to certify that the item listed has been fabricated i

in with ap on your order.

ALL PRICES QUOTED AND ORDERS ACCEPTED ARE SUBJECT TO ADJUSTMENT WITHOUT NOTICE

ON THE BASIS OF THE METAL PRICES PREVAILING ON THE DATE OF SHIPMENT

SIGNATUREi g‘ Ol

SPOOLS ARE RETURNABLE FOR CREDNT CONTINGENT UPON THEIR RECEIPT N GOOD REUSABLE TONDITION WITH
TRANSPORTATION PREPAID BY YOU  NO DISCOUNT ON SPOOLS POSTAGE
IMPORTANT CLAIMS FOR CREDIT OR NAMAGES ON ACCOUNT OF SHORTAGE QR DEFECTIVE MATERIAL MIJST BE
MADE WITHIN 10 DAYS

E GOODS COVERED BY THIS INVOICE WERE PRODUCED IN OOMPLBAM‘E WITH THE REQUIREMENTS OF THE FAIR
LABOF STANDARDSACT OF 1996 AS AMENDED INCLUDING SECTION 1

H. CROSS COMNPANY
363 PARK AVE., WEEHAWKEN, NJ 07086
AREA CODE (201) 863-1134
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(Nb1Zr Wah Chang.pdf)

Certificate
of Wah Chang
Ana Iysis An Ahegheny Technologies Company
7400 Highway 20 West
Huntsville, Alabama 35806
Telephone: (256) 722-2300
Fax: (256) 722-2381
Yo L
Purchasa Order # . 35430
ltem # - 1
Description Niobium 1 Zr
Condition : Annealed & Pickled
Diameter 0.010" +/- 0.0005"
{Length - Spool
Specification - Purchase Order
Date 8r26/04
Date Shipped : See Packing List
Quantity Shipped . 1 Spoo|
Weight Shipped - 1 b,
Sales Order # - 123201
Heat # . 531128
SFC#- 1277480
Ingot Composition Results
IN PPM (Unless Specified)
j:AElemem Spec T 1 2 T3 4 5 1 '8 7]
_, c Information 42 37 | 24 <20 23 <20 25
Fe Information <35 <35 =35 <35 <35 <35 <35
H Informaton <3 <3 <3
I4f Information <50 <50 <50 <50 <50 <50 ! <50
Mo Information <30 <30 <30 <30 <30 <30 <30
N Information 21 40 30
Ni Information <20 24 37 24 29 29 30
(o] fnformation 60 90 110
8¢ Information <60 <50 <50 <50 <50 <50 <50
Ta Information 560 1200 1200 1200 1300 1300 1200
Ti Information <40 <40 <40 <40 <40 <40 <40
w Information <30 <30 <30 <30 <30 <30 <30
) z Information| 0 91% J 105% | 004% | 097% | 098% | oor% | 114% |
This is to certify all items compasing this shipment and in the quantities specified are in conformance to the requirements,
drawings, and specifications applicable to the refersnced order number shown above.
Analysis Certified by l_\_ é :%E—:\' (A'/'V'
3lity Asstirance
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(Nb1Zr Tubes.jpg)

Phone: (610) 489-0300

l . _ Fax:(610) 489-6285
Uniform Tubes Inc.

| 200 W. 7th Ave.. Collegeville, PA 19426

Certification of Analyses and Tests

Cert Number : 41182 P.O# : PC2217604 Prep Date  : 11/8/2004
Customer S IDALIO NATIONAL ENGINEERING  UTSO¥: CT018046 Qty : 2900 FT
Specifications: ASTM B 394 REV 03, CHEM ONLY

Description: O 083,083
WA 009,011

LT 10/20FT
Chemical Composition Mechanical Properties
Alloy  : COLUMBIUM 1% ZIRCONIUM
Lot No :388IN Heat: 531135 Test Number(s): 87116 Test Date: 11/8/2004
Material : SEAMLESS TUBIE
¢ <0.002-0.006 WP Temper -1 - Annealed
h YR, 30 WP LT.S.(PShH - 49790 53540
Fe 0004 wp Elongation (%) in 2" -21.00 -23.00
1 0.0003 kwp YS(PSl) 341035390
H{ 0.005 KW
- . Hardness

Mo 0.003 \:VP Avg Grain Size -
N 0.006-0.00% WP Micro - SATISFACTORY
Ni 0002 WP
0 O.08-0.013 P Flare Test - SATISFACTORY
Si 0.005 KWP Flatten Test -
I's u.02 h 1+ Iydrostatic Test .
W 0.003 wp Pressure Test -
Zr 1.93-1.20 Wp Aged U.T.5. (PSD) i

Aged Floagation (%} -
Aged V.5, (IS1) -

Surface KA
{oncentricity -
Corrosian Test -
Embrittlement Test

Nurface Check / par. -

0 past 3rd decimal is insignificant
WP = Weight %, PPM = Partsimillion
B3al = Balance. ND = Not Detected

Special Tests: NOTE: COHN TEST RESULTS TO FOLLOW

Lhis is to certily that the matenial supplied (rom Material Traccable Uniform Tubes, Ing
Number TM89306. CT Index # 102222 is in accordance with the TN
specifications as stated above. or as ammended by UT order DA TR -

acknowledgement. -
© edgeme Quality Assurance - | 1/8/2004
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{Inc 800 Tubes.jpg)

03/1472008 18:18 FAX 610 277 2005 THI JPP LT T S |

TUBE "2 |
METHODS TEST REPORT Accrediied
@adcap

P.O. 80X 460 PH: (610}279-77C0
BRIDGEPORT, P 19405  FAX: (610) 277-2005
et 27860 | nioe s 29202 | Cusomer po 4 5012625 Quantity 15;’(,5
Sokd to: Type & Grade ¢  0a3"/.085" OD
600 .009"/.031" WALL
IDAHO NATIONAL LABS SEAMLESS
P.C. BOX 1625 Soech
IDAHO FALLS, ID B3415
ANNEALED
***ACCOUNTING TO BILL DIRECT TO C.C.# ON FILE***
o Chemical Analysis . o
HEATH#:86493 Melt Source/Analysis: VDM
C Mn S Si Cr Ni Ti Co Cu
0.631 0.84 0.002 0.25 16.26 75.03 0.22 0.025 0.02
Al Fe
0.12 7.15
) Mechanical Properties )
Tengiie Strength 0.2% Offsex Yield Serength % Elongation Hardness
73,800 PS1 32,800 PSI 10
Vimusl B . PASHED Ditenatonel B PRSSFL
Eddy current MASERED 101 NOTCH LEVEL
Eurnfy!huthlsnporlls cofrect and conforms ) Wicholar 'lxcc‘i Plant Metallurgist 01/1¢/2008 PAGE i OP 1

The test report shall not be reproduced except in full, without the written spproval of the izboratory. The recording of faise. fictitious, or
fraudulent statements or encries on the certificate may be punithed as a felony under federal aw.
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Richard G To |Misti A Lillo/LILLM&/CCO1ANEEL/US@INEL
AmbrosekiRGA/NONJINEELJUS cc
05032006 10:46 AM boe

Subject |Fw: Ta Tube Dimensions

— Forwarded by Richard G AmbrosekRGAINONINEELIUS on 05/03/2006 10:48 AM —

Joy L
Rempel/YOJICCOT/INEELJUS To ]Richard G Ambrosek/RGANONJNEELIUS@INEL
04/28/2006 12:12 PM cc {AJoseph PalmerPJAICCOTANEELIUS

Subject iTa Tube Dimensions

Dick,

Please consider these dimensions as representative. It would be a miracle if you multiply the volume by the density of tantalum and get the
masses that [ sent to you this week.

Toy
Tantaham Initial, prior to swaging on
Tube wires:
ID=0015"
OD=0.025"
Length=0.058"
- Joy Rempe - Idaho National Laboratory
\ml Phone: (208) 525-2897 » Cell: (208) 520-3708 » Fax: (208) 526-2930 +
- Emaik Joy.Rempe@inl.gov




EDF-7120, Rev. 1 ENGINEERING DESIGN FILE Page 130 of 131
Attachment J

Attachment J
Reactivity Perturbation Validation Discussion

The purpose of this section is to discus the difference in Kq¢ calculated by MCNP reference model
(Case-1) and PDQWS (Case-2)' full core models with respect to the Cycle 134A (Case-3) ATR
SUrveillance DAta System (ASUDAS)’ 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°

Kest 1.00 (Critical)

Neck Shim Positions
NW-1 thru NW-6 All inserted
NE-1 thru NE-6 All inserted
SW-1 thru SW-3 and All inserted
SW-5 thru SW-6 All inserted
SE-1 thru SE-3 and All inserted
SE-5 thru SE-6 All inserted

The PDQWS calculations were performed using the PDQWS computer code on the workstation.
PDQWS? 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-Y mesh to divide
the cells, the balanced OSCC position was modeled at 40.1°, which was the closest available position to
the ASUDAS value of 39.2°.

The MCNP and PDQWS calculated results and ASUDAS data are given below:

Cycle 134A Parameter Case-1 (MCNP) Case-2 (PDQWS} Case-3 (ASUDAS)
Balanced OSCC Position 38.2° 40.1° 39.2°
Ketr 1.00194+0.00018 0.9886 1.0000

Case-1 compared to Case-3

A Koy (MCNP-ASUDAS) = 1.00194 - 1.0000 = 0.00194
Case-2 compared to Case-3
A Ko (PDQWS-ASUDAS) = 0.9886 - 1.0000 = -0.0114



EDF-7120, Rev. 1 ENGINEERING DESIGN FILE Page 131 of 131
Attachment J

The PDQWS ATR full core model K calculation bias with respect to ASUDAS measured data is -0.0114,
and the MCNP ATR full core mode! K. calculation bias with respect to the ASUDAS measured data is
0.00194.

Using the MCNP-calculated error for K (o = 0.00018), Ko is estimated within a 95% confidence level
(20) to be 1.00194 £0.00036 (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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