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SUMMARY
The Reduced Enrichment for Research and Test Reactor (RERTR) experiment RERTR-10 was 

designed to further test the effectiveness of modified fuel/clad interfaces in monolithic fuel plates. The 
experiment was conducted in two campaigns: RERTR-10A and RERTR-10B. The fuel plates tested in 
RERTR-10A were all fabricated by Hot Isostatic Pressing (HIP) and were designed to evaluate the effect 
of various Si levels in the interlayer and the thickness of the Zr interlayer (0.001”) using 0.010” and 
0.020” nominal foil thicknesses. The fuel plates in RERTR-10B were fabricated by Friction Bonding 
(FB) with two different thickness Si layers and Nb and Zr diffusion barriers.1

The following report summarizes the life of the RERTR-10A/B experiment through end of 
irradiation, including as-run neutronic analysis results, thermal analysis results and hydraulic testing 
results.
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RERTR-10 Irradiation Summary Report
1. EXPERIMENT GOALS

The Reduced Enrichment Research and Test Reactor (RERTR)-10A/B test assembly holds 4 
capsules, designated as A, B, C and D, with A at the top of the assembly and D at the bottom. Each 
capsule has 2 levels, with 4 plate positions per level, for a total of 8 plate positions per capsule and 
32 plate positions per assembly. Within each capsule the 8 plate positions are azimuthally designated as 1 
through 4 in the upper level and 5 through 8 in the lower level. The loading diagram for the 
RERTR-10A/B Experiment Matrix is shown in Table 1.

The RERTR-10 experiment was designed to further test the effectiveness of modified fuel/clad 
interfaces in monolithic fuel plates. The experiment was conducted in two campaigns: RERTR-10A and 
RERTR-10B. The fuel plates tested in RERTR-10A were all fabricated by Hot Isostatic Pressing (HIP) 
and were designed to evaluate the effect of various Si levels in the interlayer and the thickness of the Zr 
interlayer (0.001”) using 0.010” and 0.020” nominal foil thicknesses. The fuel plates in RERTR-10B were 
fabricated by Friction Bonding (FB) with two different thickness Si layers and Nb and Zr diffusion 
barriers.1
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Table 1. RERTR-10A/B experiment matrix loading diagram.1RERTR-10A/B Experiment Matrix
Capsule Column 1 Column 2 Column 3 Column 4

A-Top

A1 A2 A3 A4

Zr Co-Roll
HIP

0.001” Thick Layer
L1P30Z

Al-12 Si alloy
HIP

0.001” Thick Layer
L1P256

Zr Co-Roll
HIP

Thick Foil
Constrained Plate

L2P15Z

Al-2 Si alloy
HIP

0.001” Thick Layer
L1P135

A-Bottom

A5 A6 A7 A8
Al-3.5 Si/Al+5 Si

HIP
0.001” Thick Layer

L1P234

Al+1.5 Si/Al+2 Si
HIP

0.001” Thick Layer
L1P213

Al+0 Si/Al+1 Si
HIP

0.001” Thick Layer
L1P192

thin Si/thick Si
HIP

L1P171

B-Top

B1 B2 B3 B4
Blank

DUMMY

Thin Si/thick Si
FB

Heat Treat
L1F401

Thin Si/thick Si
FB

No Heat Treat
L1F417

Blank

DUMMY

B-Bottom

B5 B6 B7 B8
Blank

DUMMY

Zr Co-Roll
FB

Thick Foil
L2F46Z

Nb Co-Roll
FB

L1F44N

Blank

DUMMY

C-Top

C1 C2 C3 C4

Zr Co-Roll
HIP

0.001” Thick Layer
L1P12Z

Al-12 Si alloy
HIP

0.001” Thick Layer
L1P266

Zr Co-Roll
HIP

Thick Foil
Constrained Plate

L2P16Z

Al-2 Si alloy
HIP

0.001” Thick Layer
L1P145

C-Bottom
C5 C6 C7 C8

Al-3.5 Si/Al+5 Si
HIP

0.001” Thick Layer
L1P244

Al+1.5 Si/Al+2 Si
HIP

0.001” Thick Layer
L1P223

Al+0 Si/Al+1 Si
HIP

0.001” Thick Layer
L1P202

thin Si/thick Si
HIP

L1P181

D-Top

D1 D2 D3 D4
Blank

DUMMY

Zr Co-Roll
FB

L1F381

Nb Co-Roll
FB

L1F427

Blank

DUMMY

D-Bottom

D5 D6 D7 D8

Blank

DUMMY

Zr Co-Roll
FB

Thick Foil
L2F45Z

Zr Co-Roll
FB

L2F47Z

Blank

DUMMY
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2. CONSTITUENT MASSES AND DENSITIES
Table 2. RERTR-10A/B constituent masses and densities.2,3

Fuel 
Plate 
ID

Fuel Plate 
#

Fuel Constituent Masses Constituent Densities

Total-U
(g)

U-235
(g)

Mo
(g)

Total U 
Density
(g/cc)

U-235
Density
(g/cc)

Mo
(g/cc)

A1 L1P30Z 5.968 3.998 0.670 13.023 8.724 1.462
A2 L1P256 6.080 4.073 0.682 15.253 10.218 1.711
A3 L2P15Z 11.522 3.845 1.298 14.258 4.758 1.606
A4 L1P135 6.234 4.177 0.759 15.279 10.238 1.860
A5 L1P234 6.669 4.468 0.747 15.144 10.146 1.696
A6 L1P213 6.261 4.195 0.698 15.268 10.230 1.702
A7 L1P192 6.553 4.390 0.730 15.522 10.398 1.729
A8 L1P171 6.230 4.174 0.696 15.285 10.241 1.708
B1 Blank -- -- -- -- -- --
B2 L1F401 5.624 3.768 0.630 14.578 9.767 1.633
B3 L1F417 5.730 3.839 0.648 14.326 9.598 1.620
B4 Blank -- -- -- -- -- --
B5 Blank -- -- -- -- -- --
B6 L2F46Z 10.365 3.431 1.160 13.154 4.354 1.472
B7 L1F44N 5.419 3.631 0.605 12.449 8.341 1.390
B8 Blank -- -- -- -- -- --
C1 L1P12Z 6.009 4.026 0.470 12.492 8.370 0.977
C2 L1P266 6.164 4.130 0.691 14.832 9.938 1.663
C3 L2P16Z 11.354 3.789 1.278 13.676 4.564 1.539
C4 L1P145 6.265 4.197 0.703 15.041 10.076 1.688
C5 L1P244 6.293 4.217 0.703 15.182 10.173 1.696
C6 L1P223 6.352 4.256 0.712 15.335 10.275 1.719
C7 L1P202 6.406 4.292 0.718 15.585 9.772 1.635
C8 L1P181 6.202 4.155 0.692 15.067 10.094 1.681
D1 Blank -- -- -- -- -- --
D2 L1F381 5.624 3.768 0.630 14.997 10.048 1.680
D3 L1F427 5.707 3.824 0.642 14.983 10.039 1.685
D4 Blank -- -- -- -- -- --
D5 Blank -- -- -- -- -- --
D6 L2F45Z 10.510 3.507 1.189 19.716 6.579 2.231
D7 L2F47Z 10.651 3.554 1.205 13.603 4.539 1.539
D8 Blank -- -- -- -- -- --
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3. EXPERIMENT HARDWARE
The experiment hardware configuration is identical to that used in the RERTR-7A, -7B, -8, -9A, and 

-9B experiments. A list of irradiation hardware drawings used for analysis is given in Table 3.

Table 3. RERTR-10 Irradiation Hardware Drawing List.4

Drawing
Number Drawing Title

DWG-630223 RERTR ATR Large B-Position Irradiation Experiment Assembly
DWG-630233 ATR Large B-Position Basket
DWG-630231 ATR Top Spacer Assembly
DWG-630225 ATR Upper Spacer Assembly
DWG-630229 ATR Bottom Spacer Assembly
DWG-630227 ATR Large B-Position Fuel Capsule Assembly
DWG-630237 Fuel Capsule
DWG-630239 Capsule Cap
DWG-630244 RERTR Mini-Plate
DWG-630245 Fuel Plate, 0.020 Monolithic

The RERTR miniplate irradiation assembly4, (see Figure 1) shows the main components of the test 
assembly, which include the bottom spacer, upper and top spacers, experiment capsules and basket. The 
bottom spacer elevates the experiment capsules to the correct location in the core. The upper and top 
spacers allow the operators to assure that the experiment is seated fully into the basket. All spacers are 
similar to the capsule design except the spacers do not have the grooves for the plates. The capsules hold 
the fuel plates; a capsule cap is welded onto the top of the capsule to keep the plates from sliding out 
during handling and irradiation. The fuel plate drawings for monolithic and thick monolithic plates 
(DWG-630244 and DWG-630245, respectively) and RERTR miniplate capsule assembly4 are shown in 
Figure 2, Figure 3 and Figure 4, respectively. Each capsule has a notch at the top and a groove at the 
bottom which allow the capsules to stack and align properly into the core. The basket holds the test 
assembly in the reactor during irradiation, the notches on the outer wall allow for bypass coolant flow to 
cool the outer wall. The basket has two guide bars on the inside wall to guide the assembly into the 
baskets. 
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Figure 1 RERTR miniplate irradiation Assembly.4
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Figure 2. DWG-630244: RERTR monolithic fuel miniplate.
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Figure 3. DWG-630245: RERTR thick (0.020 in) monolithic fuel miniplate.
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Figure 4. RERTR capsule assembly.4
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4. IRRADIATION HISTORY
The RERTR-10A test assembly was irradiated in cycle 142B in the large-B position B-9 and 

Cycle 143A in the large-B position B-11. The RERTR-10B test assembly was irradiated in Cycle 143A in 
the large-B position B-11. The RERTR-10A/B test assembly is the combined 10A and 10B test 
assemblies. The power of position B-9 is represented by the north lobe power which is the average of the 
NW, C and NE lobe powers, N= (NW + C + NE)/3. The power of position B-11 is represented by the 
south lobe power which is the average of the SW, C and SE lobe powers, S = (SW + C + SE)/3. 
Cycle 142B ran for 52 EFPDs at 25.3 MW and cycle 143A ran for a total of 48.9 EFPDs at 24.4 MW. 
RERTR-10A failed (Plate L1P145) during cycle 143A and was removed after 26 EFPDs, RERTR-10B 
continued irradiation for an additional 22.9 days.

There were two Mid-Cycle SCRAMs during Cycle 142B with a duration of 3 days and 2 days, from 
dates 07/06/08 – 07/09/08 and 08/05/08 – 08/07/08 respectively. There were also two Mid-Cycle SRAMs 
during Cycle 143A with duration of 20 days and 5 days, from the dates 10/16/08 – 11/05/08 and 12/21/08
– 12/26/08 respectively. This information is tabulated in Table 4.

Table 4. Irradiation history for RERTR-10.

ATR 
CYCLE

RERTR-10A/B 
Test ID

RERTR-10
Capsules 
Irradiated

Dates 
Irradiated

Cycle 
EFPDs

Mid-
Cycle 
Scram 
Decay 
Days

Post-
Cycle 
Decay 
Days

North 
Lobe 

Source 
Power 
(MW)

South 
Lobe 

Source 
Power 
(MW)

142B RERTR-10A A,C 07/04/2008 –
08/30/2008 52 5 25 22.1 --

143A-1 RERTR-10A/B A,B,C,D 09/24/2008 –
12/06/2008

26.0 25 -- -- 25.4
143A-2 RERTR-10B B,D 22.9 17 -- 25.4
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5. AS-RUN NUCLEAR ANALYSIS
5.1 Neutronics

The as-run calculations were performed using the irradiation history in Table 4 and the Monte Carlo 
N-Particle (MCNP) code. The calculated as-run fission heat rates, fission densities, and as-run U-235
burnup results for the fueled miniplates reported have ��������	�
�	�����
��������������5 The time 
intervals used to calculate the average plate power and burnup is shown in Table 5. The end of cycle 
average plate power and burnup for cycles 142B and 143A are shown in Table 6. The average plate 
power and burnup for the time intervals for each cycle are shown in Table 7 through Table 13. The plots 
of the power and fission density as a function of the ATR Cycle time interval are in Appendix A.

Table 5. Cycle breakdown.
Time 

Interval
142B
(days)

143A
(days)

01 1.00E-04 1.00E-04
02 16 15
03 13.7 11
04 22.3 11
05 1.00E-04 11.9
06 -- 1.00E-04

EFPDs 52 48.9
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Table 6. End of cycle average plate power and burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 
Burnup u-

235/u-
235initial 

(%)

Fission 
Density 

(f/cc)

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 
Burnup u-

235/u-
235initial 

(%)

Fission 
Density 

(f/cc)

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 
Burnup u-

235/u-
235initial 

(%)

Fission 
Density 

(f/cc)

A1 L1P30Z 821.40 11401.91 166.47 8.99% 1.70E+21 1099.96 14806.39 216.17 15.17% 2.88E+21 -- -- -- -- --
A2 L1P256 684.15 11207.49 145.14 7.45% 1.64E+21 928.89 14828.31 192.03 12.72% 2.81E+21 -- -- -- -- --
A3 L2P15Z 340.31 5304.89 144.82 7.55% 7.78E+20 463.15 7126.35 194.55 12.88% 1.34E+21 -- -- -- -- --
A4 L1P135 820.48 13486.86 176.68 8.88% 1.98E+21 1136.69 18104.54 237.17 15.33% 3.42E+21 -- -- -- -- --
A5 L1P234 949.02 15214.06 210.71 10.35% 2.29E+21 1331.66 20568.00 284.87 17.77% 3.94E+21 -- -- -- -- --
A6 L1P213 788.96 12854.57 168.39 8.66% 1.91E+21 1129.86 17842.64 233.74 14.96% 3.31E+21 -- -- -- -- --
A7 L1P192 797.99 13213.14 177.72 8.71% 1.96E+21 1136.23 18229.56 245.19 15.05% 3.39E+21 -- -- -- -- --
A8 L1P171 999.24 16128.87 208.87 10.79% 2.41E+21 1396.15 21670.62 280.63 18.52% 4.15E+21 -- -- -- -- --
B1 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
B2 L1F401 -- -- -- -- -- 1892.10 29075.16 357.62 11.15% 2.42E+21 2096.89 30619.84 376.62 21.14% 4.58E+21
B3 L1F417 -- -- -- -- -- 1898.52 28688.84 364.35 11.22% 2.39E+21 2184.18 31295.20 397.45 21.63% 4.61E+21
B4 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
B6 L2F46Z -- -- -- -- -- 1004.61 14269.85 360.31 12.34% 1.20E+21 1072.37 14835.00 374.58 23.09% 2.25E+21
B7 L1F44N -- -- -- -- -- 2066.83 26963.40 373.44 12.26% 2.28E+21 2341.33 28846.91 399.53 23.30% 4.34E+21
B8 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
C1 L1P12Z 1175.14 14868.69 230.46 12.63% 2.32E+21 1729.95 20833.42 322.92 21.96% 4.04E+21 -- -- -- -- --
C2 L1P266 956.51 14999.26 194.24 10.64% 2.30E+21 1420.50 21400.87 277.14 18.62% 4.03E+21 -- -- -- -- --
C3 L2P16Z 484.92 7190.58 192.71 11.03% 1.09E+21 698.60 10153.41 272.11 19.14% 1.91E+21 -- -- -- -- --
C4 L1P145 1152.20 18142.24 242.20 12.66% 2.79E+21 1714.03 25701.43 343.11 22.15% 4.91E+21 -- -- -- -- --
C5 L1P244 1092.63 17404.31 229.74 12.09% 2.69E+21 1579.83 24057.65 317.56 20.84% 4.67E+21 -- -- -- -- --
C6 L1P223 894.78 14554.25 192.12 9.99% 2.23E+21 1325.31 20766.44 274.12 17.44% 3.90E+21 -- -- -- -- --
C7 L1P202 914.03 14134.78 196.47 10.06% 2.13E+21 1346.40 20049.97 278.69 17.61% 3.75E+21 -- -- -- -- --
C8 L1P181 1139.17 17977.59 237.30 12.37% 2.73E+21 1646.89 24802.49 327.39 21.54% 4.78E+21 -- -- -- -- --
D1 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
D2 L1F381 -- -- -- -- -- 1719.78 27320.47 333.31 10.21% 2.26E+21 1946.23 29488.28 359.76 19.53% 4.33E+21
D3 L1F4127 -- -- -- -- -- 1757.60 27885.63 340.20 10.30% 2.29E+21 2035.30 30729.74 374.90 20.06% 4.47E+21
D4 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
D6 L2F45Z -- -- -- -- -- 644.52 13888.14 336.79 7.83% 1.12E+21 724.63 15339.81 371.99 15.12% 2.19E+21
D7 L2F47Z -- -- -- -- -- 736.74 10924.97 269.30 8.86% 8.87E+20 846.70 12293.89 303.04 17.46% 1.75E+21
D8 Blank -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

143A 26.0 EFPD (EOC for RERTR-10A) 143A 48.9 EFPD (EOC for RERTR-10B)142B 52.0 EFPD (EOC)

Plate IDPosition ID
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Table 7. Cycle 142B 02 average plate power and burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat 
Flux 

(w/cm2)

U-235 
Burnup u-

235/u-
235initial (%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate    (f/cc-

s)

A1 L1P30Z 770.84 11018.69 160.87 2.82% 9.45% 5.40E+20 3.91E+14
A2 L1P256 635.02 10656.73 138.00 2.33% 7.81% 5.14E+20 3.72E+14
A3 L2P15Z 320.49 5056.48 138.04 2.30% 3.84% 2.43E+20 1.76E+14
A4 L1P135 760.17 12861.48 168.49 2.78% 9.31% 6.22E+20 4.50E+14
A5 L1P234 898.01 14890.05 206.23 3.35% 11.22% 7.34E+20 5.31E+14
A6 L1P213 732.86 12277.63 160.84 2.75% 9.21% 6.15E+20 4.45E+14
A7 L1P192 744.97 12687.99 17.65 2.74% 9.18% 6.21E+20 4.49E+14
A8 L1P171 928.78 15528.47 201.09 3.47% 11.62% 7.72E+20 5.58E+14
B1 Blank -- -- -- -- -- -- --
B2 L1F401 -- -- -- -- -- -- --
B3 L1F417 -- -- -- -- -- -- --
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z -- -- -- -- -- -- --
B7 L1F44N -- -- -- -- -- -- --
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z 1113.38 14689.89 227.69 4.29% 14.37% 7.80E+20 5.64E+14
C2 L1P266 904.48 14675.00 190.04 3.53% 11.83% 7.64E+20 5.53E+14
C3 L2P16Z 464.35 7006.12 187.76 3.68% 6.14% 3.57E+20 2.58E+14
C4 L1P145 1092.94 17923.88 239.28 4.22% 14.14% 9.28E+20 6.71E+14
C5 L1P244 1040.14 17226.34 227.39 3.99% 13.37% 8.97E+20 6.49E+14
C6 L1P223 850.65 14286.10 188.58 3.27% 10.95% 7.37E+20 5.33E+14
C7 L1P202 842.38 13452.64 186.99 3.35% 11.22% 7.10E+20 5.14E+14
C8 L1P181 1065.58 17506.17 231.08 4.06% 13.60% 9.01E+20 6.52E+14
D1 Blank -- -- -- -- -- -- --
D2 L1F381 -- -- -- -- -- -- --
D3 L1F4127 -- -- -- -- -- -- --
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z -- -- -- -- -- -- --
D7 L2F47Z -- -- -- -- -- -- --
D8 Blank -- -- -- -- -- -- --

Position ID Plate ID

142B 16.0 EFPD
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Table 8. Cycle 142B 03 average plate power and burnup.

Fission 
Heat Rate 

(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat 
Flux 

(w/cm2)

U-235 
Burnup u-

235/u-235initial 

(%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate   

(f/cc-s)

A1 L1P30Z 751.70 10625.64 155.13 5.19% 17.39% 9.86E+20 3.84E+14
A2 L1P256 623.64 10369.17 134.28 4.32% 14.47% 9.45E+20 3.68E+14
A3 L2P15Z 311.87 4897.55 133.70 4.35% 7.26% 4.48E+20 1.75E+14
A4 L1P135 742.40 12423.16 162.74 5.15% 17.25% 1.14E+21 4.44E+14
A5 L1P234 860.20 14080.95 192.02 6.08% 20.37% 1.34E+21 5.22E+14
A6 L1P213 715.37 11858.03 155.34 5.04% 16.88% 1.11E+21 4.33E+14
A7 L1P192 723.07 12182.80 163.86 5.07% 16.98% 1.13E+21 4.40E+14
A8 L1P171 904.24 14918.99 193.20 6.29% 21.07% 1.40E+21 5.46E+14
B1 Blank -- -- -- -- -- -- --
B2 L1F401 -- -- -- -- -- -- --
B3 L1F417 -- -- -- -- -- -- --
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z -- -- -- -- -- -- --
B7 L1F44N -- -- -- -- -- -- --
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z 1075.32 13963.82 216.44 7.55% 25.29% 1.37E+21 5.34E+14
C2 L1P266 872.27 13970.45 180.92 6.32% 21.17% 1.36E+21 5.30E+14
C3 L2P16Z 445.61 6678.12 178.97 6.50% 10.85% 6.41E+20 2.50E+14
C4 L1P145 1040.78 16801.73 224.30 7.55% 25.29% 1.65E+21 6.43E+14
C5 L1P244 993.96 16217.71 214.07 7.18% 24.05% 1.59E+21 6.20E+14
C6 L1P223 814.88 13517.89 178.44 5.89% 19.73% 1.32E+21 5.14E+14
C7 L1P202 826.20 13035.00 181.19 5.95% 19.93% 1.25E+21 4.87E+14
C8 L1P181 1028.18 16635.27 219.59 7.31% 24.49% 1.61E+21 6.27E+14
D1 Blank -- -- -- -- -- -- --
D2 L1F381 -- -- -- -- -- -- --
D3 L1F4127 -- -- -- -- -- -- --
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z -- -- -- -- -- -- --
D7 L2F47Z -- -- -- -- -- -- --
D8 Blank -- -- -- -- -- -- --

Plate IDPosition ID

142B 29.7 EFPD
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Table 9. Cycle 142B 04 (EOC) average plate power and burnup.

Fission 
Heat Rate 

(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 
Burnup u-

235/u-
235initial 

(%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate     

(f/cc-s)

A1 L1P30Z 821.40 11401.91 166.47 8.99% 30.12% 1.70E+21 3.78E+14
A2 L1P256 684.15 11207.49 145.14 7.45% 24.96% 1.64E+21 3.65E+14
A3 L2P15Z 340.31 5304.89 144.82 7.55% 12.60% 7.78E+20 1.73E+14
A4 L1P135 820.48 13486.86 176.68 8.88% 29.75% 1.98E+21 4.41E+14
A5 L1P234 949.02 15214.06 210.71 10.35% 34.67% 2.29E+21 5.10E+14
A6 L1P213 788.96 12854.57 168.39 8.66% 29.01% 1.91E+21 4.25E+14
A7 L1P192 797.99 13213.14 177.72 8.71% 29.18% 1.96E+21 4.36E+14
A8 L1P171 999.24 16128.87 208.87 10.79% 36.15% 2.41E+21 5.36E+14
B1 Blank -- -- -- -- -- -- --
B2 L1F401 -- -- -- -- -- -- --
B3 L1F417 -- -- -- -- -- -- --
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z -- -- -- -- -- -- --
B7 L1F44N -- -- -- -- -- -- --
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z 1175.14 14868.69 230.46 12.63% 42.31% 2.32E+21 5.16E+14
C2 L1P266 956.51 14999.26 194.24 10.64% 35.64% 2.30E+21 5.12E+14
C3 L2P16Z 484.92 7190.58 192.71 11.03% 18.40% 1.09E+21 2.43E+14
C4 L1P145 1152.20 18142.24 242.20 12.66% 42.41% 2.79E+21 6.21E+14
C5 L1P244 1092.63 17404.31 229.74 12.09% 40.50% 2.69E+21 5.99E+14
C6 L1P223 894.78 14554.25 192.12 9.99% 33.47% 2.23E+21 4.96E+14
C7 L1P202 914.03 14134.78 196.47 10.06% 33.70% 2.13E+21 4.74E+14
C8 L1P181 1139.17 17977.59 237.30 12.37% 41.44% 2.73E+21 6.08E+14
D1 Blank -- -- -- -- -- -- --
D2 L1F381 -- -- -- -- -- -- --
D3 L1F4127 -- -- -- -- -- -- --
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z -- -- -- -- -- -- --
D7 L2F47Z -- -- -- -- -- -- --
D8 Blank -- -- -- -- -- -- --

Plate IDPosition 
ID

142B 52.0 EFPD (EOC)
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Table 10. Cycle 143A 02 average plate power and burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat 
Flux 

(w/cm2)

U-235 Burnup 
u-235/u-

235initial (%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate    

(f/cc-s)

A1 L1P30Z 1100.79 15009.19 219.13 12.57% 42.11% 2.39E+21 1.84E+15
A2 L1P256 924.16 14914.49 193.14 10.50% 35.18% 2.32E+21 1.79E+15
A3 L2P15Z 464.21 7182.75 196.09 10.66% 17.79% 1.10E+21 8.49E+14
A4 L1P135 1138.27 18373.72 240.70 12.66% 42.41% 2.82E+21 2.18E+15
A5 L1P234 1334.04 20928.28 289.86 14.69% 49.21% 3.25E+21 2.51E+15
A6 L1P213 1124.03 17985.55 235.61 12.29% 41.17% 2.72E+21 2.10E+15
A7 L1P192 1128.95 18355.72 246.88 12.39% 41.51% 2.79E+21 2.15E+15
A8 L1P171 1397.32 22046.38 285.50 15.32% 51.32% 3.43E+21 2.65E+15
B1 Blank -- -- -- -- -- -- --
B2 L1F401 1891.78 29712.48 365.46 6.67% 22.34% 1.45E+21 1.12E+15
B3 L1F417 1897.60 29316.37 372.32 6.71% 22.48% 1.43E+21 1.10E+15
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z 1016.01 14603.54 368.74 7.35% 12.16% 7.24E+20 5.59E+14
B7 L1F44N 2068.96 27642.50 382.85 7.35% 24.62% 1.38E+21 1.06E+15
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z 1730.80 21271.59 329.71 18.18% 60.90% 3.34E+21 2.58E+15
C2 L1P266 1411.11 21613.49 279.89 15.36% 51.46% 3.33E+21 2.57E+15
C3 L2P16Z 700.00 10259.28 274.95 15.79% 26.35% 1.58E+21 1.22E+15
C4 L1P145 1719.43 26310.81 351.25 18.28% 61.24% 4.05E+21 3.13E+15
C5 L1P244 1583.06 24560.79 324.20 17.31% 57.99% 3.86E+21 2.98E+15
C6 L1P223 1316.51 20952.04 276.57 14.40% 48.24% 3.22E+21 2.48E+15
C7 L1P202 1337.17 20223.16 281.10 14.54% 48.71% 3.09E+21 2.38E+15
C8 L1P181 1651.65 25359.69 334.75 17.79% 59.60% 3.95E+21 3.05E+15
D1 Blank -- -- -- -- -- -- --
D2 L1F381 1718.07 27846.18 339.72 6.10% 20.44% 1.35E+21 1.04E+15
D3 L1F427 1757.01 28450.25 347.09 6.10% 20.44% 1.36E+21 1.05E+15
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z 647.07 14050.07 340.71 4.57% 7.63% 6.65E+20 5.13E+14
D7 L2F47Z 743.47 11119.70 274.10 5.25% 8.76% 5.24E+20 4.04E+14
D8 Blank -- -- -- -- -- -- --

Plate IDPosition 
ID

143A 15.0 EFPD
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Table 11. Cycle 143A 03 average plate power burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 Burnup 
u-235/u-

235initial (%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate  (f/cc-

s)

A1 L1P30Z 1099.96 14806.39 216.17 15.17% 50.82% 2.88E+21 1.28E+15
A2 L1P256 928.89 14828.31 192.03 12.72% 42.61% 2.81E+21 1.25E+15
A3 L2P15Z 463.15 7126.35 194.55 12.88% 21.49% 1.34E+21 5.97E+14
A4 L1P135 1136.69 18104.54 237.17 15.33% 51.36% 3.42E+21 1.52E+15
A5 L1P234 1331.66 20568.00 284.87 17.77% 59.53% 3.94E+21 1.75E+15
A6 L1P213 1129.86 17842.64 233.74 14.96% 50.12% 3.31E+21 1.47E+15
A7 L1P192 1136.23 18229.56 245.19 15.05% 50.42% 3.39E+21 1.51E+15
A8 L1P171 1396.15 21670.62 280.63 18.52% 62.04% 4.15E+21 1.85E+15
B1 Blank -- -- -- -- -- -- --
B2 L1F401 1892.10 29075.16 357.62 11.15% 37.35% 2.42E+21 1.08E+15
B3 L1F417 1898.52 28688.84 364.35 11.22% 37.59% 2.39E+21 1.06E+15
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z 1004.61 14269.85 360.31 12.34% 20.42% 1.20E+21 5.34E+14
B7 L1F44N 2066.83 26963.40 373.44 12.26% 41.07% 2.28E+21 1.01E+15
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z 1729.95 20833.42 322.92 21.96% 73.57% 4.04E+21 1.80E+15
C2 L1P266 1420.50 21400.87 277.14 18.62% 62.38% 4.03E+21 1.79E+15
C3 L2P16Z 698.60 10153.41 272.11 19.14% 31.94% 1.91E+21 8.50E+14
C4 L1P145 1714.03 25701.43 343.11 22.15% 74.20% 4.91E+21 2.19E+15
C5 L1P244 1579.83 24057.65 317.56 20.84% 69.81% 4.67E+21 2.08E+15
C6 L1P223 1325.31 20766.44 274.12 17.44% 58.42% 3.90E+21 1.74E+15
C7 L1P202 1346.40 20049.97 278.69 17.61% 58.99% 3.75E+21 1.67E+15
C8 L1P181 1646.89 24802.49 327.39 21.54% 72.16% 4.78E+21 2.13E+15
D1 Blank -- -- -- -- -- -- --
D2 L1F381 1719.78 27320.47 333.31 10.21% 34.20% 2.26E+21 1.01E+15
D3 L1F427 1757.60 27885.63 340.20 10.30% 34.51% 2.29E+21 1.02E+15
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z 644.52 13888.14 336.79 7.83% 13.06% 1.12E+21 4.99E+14
D7 L2F47Z 736.74 10924.97 269.30 8.86% 14.78% 8.87E+20 3.95E+14
D8 Blank -- -- -- -- -- -- --

Position ID Plate ID

143A 26.0 EFPD
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Table 12. Cycle 143A 04 average plate power burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 Burnup 
u-235/u-

235initial (%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate  (f/cc-

s)

A1 L1P30Z -- -- -- -- -- -- --
A2 L1P256 -- -- -- -- -- -- --
A3 L2P15Z -- -- -- -- -- -- --
A4 L1P135 -- -- -- -- -- -- --
A5 L1P234 -- -- -- -- -- -- --
A6 L1P213 -- -- -- -- -- -- --
A7 L1P192 -- -- -- -- -- -- --
A8 L1P171 -- -- -- -- -- -- --
B1 Blank -- -- -- -- -- -- --
B2 L1F401 2098.77 31470.48 387.09 16.03% 53.70% 3.47E+21 1.09E+15
B3 L1F417 2192.97 32299.29 410.20 16.31% 54.64% 3.47E+21 1.09E+15
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z 1090.63 15295.55 386.21 17.58% 29.09% 1.71E+21 5.35E+14
B7 L1F44N 2351.60 29844.92 413.35 17.69% 59.26% 3.28E+21 1.03E+15
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z -- -- -- -- -- -- --
C2 L1P266 -- -- -- -- -- -- --
C3 L2P16Z -- -- -- -- -- -- --
C4 L1P145 -- -- -- -- -- -- --
C5 L1P244 -- -- -- -- -- -- --
C6 L1P223 -- -- -- -- -- -- --
C7 L1P202 -- -- -- -- -- -- --
C8 L1P181 -- -- -- -- -- -- --
D1 Blank -- -- -- -- -- -- --
D2 L1F381 1945.30 30210.41 368.57 14.76% 49.45% 3.27E+21 1.02E+15
D3 L1F427 2039.90 31604.56 385.58 15.09% 50.55% 3.35E+21 1.05E+15
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z 729.75 15591.28 378.09 11.33% 18.90% 1.64E+21 5.13E+14
D7 L2F47Z 858.90 12608.23 310.79 13.07% 21.81% 1.31E+21 4.10E+14
D8 Blank -- -- -- -- -- -- --

Position ID Plate ID

143A 37.0 EFPD 
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Table 13. Cycle 143A 05 (EOC) average plate power and burnup.

Fission 
Heat 
Rate 
(W/g)

Fission 
Power 
Density 
(w/cm3)

Heat Flux 
(w/cm2)

U-235 Burnup 
u-235/u-

235initial (%)

LEUeq 
Burnup 

(%)

Fission 
Density 
(f/cc)

Fission 
Rate  (f/cc-

s)

A1 L1P30Z -- -- -- -- -- -- --
A2 L1P256 -- -- -- -- -- -- --
A3 L2P15Z -- -- -- -- -- -- --
A4 L1P135 -- -- -- -- -- -- --
A5 L1P234 -- -- -- -- -- -- --
A6 L1P213 -- -- -- -- -- -- --
A7 L1P192 -- -- -- -- -- -- --
A8 L1P171 -- -- -- -- -- -- --
B1 Blank -- -- -- -- -- -- --
B2 L1F401 2096.89 30619.84 376.62 21.14% 70.82% 4.58E+21 1.08E+15
B3 L1F417 2184.18 31295.20 397.45 21.63% 72.46% 4.61E+21 1.09E+15
B4 Blank -- -- -- -- -- -- --
B5 Blank -- -- -- -- -- -- --
B6 L2F46Z 1072.37 14835.00 374.58 23.09% 38.21% 2.25E+21 5.33E+14
B7 L1F44N 2341.33 28846.91 399.53 23.30% 78.06% 4.34E+21 1.03E+15
B8 Blank -- -- -- -- -- -- --
C1 L1P12Z -- -- -- -- -- -- --
C2 L1P266 -- -- -- -- -- -- --
C3 L2P16Z -- -- -- -- -- -- --
C4 L1P145 -- -- -- -- -- -- --
C5 L1P244 -- -- -- -- -- -- --
C6 L1P223 -- -- -- -- -- -- --
C7 L1P202 -- -- -- -- -- -- --
C8 L1P181 -- -- -- -- -- -- --
D1 Blank -- -- -- -- -- -- --
D2 L1F381 1946.23 29488.28 359.76 19.53% 65.43% 4.33E+21 1.02E+15
D3 L1F427 2035.30 30729.74 374.90 20.06% 67.20% 4.47E+21 1.06E+15
D4 Blank -- -- -- -- -- -- --
D5 Blank -- -- -- -- -- -- --
D6 L2F45Z 724.63 15339.81 371.99 15.12% 25.23% 2.19E+21 5.18E+14
D7 L2F47Z 846.70 12293.89 303.04 17.46% 29.13% 1.75E+21 4.14E+14
D8 Blank -- -- -- -- -- -- --

Position ID Plate ID

143A 48.9 EFPD (EOC)
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5.2 Gradients
The MCNP-calculated power gradients in the transverse and axial directions are represented by the 

thermal neutron flux and fission rate local-2-average ratios (L2ARs) as a function of position along the 
plate. Figures 1 and 2 depict the power gradient in the transverse direction and Figures 3 and 4 depict the 
power gradient in the axial direction.

Figure 5. RERTR-10 fuel meat thermal neutron flux L2ARs in transverse direction.6
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Figure 6. RERTR-10 fuel meat fission rate L2ARs in transverse direction.6

Figure 7. RERTR-10 fuel meat thermal neutron flux L2ARs in axial direction.6
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Figure 8. RERTR-10 fuel meat fission rate L2ARs in axial direction.6
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6. HYDRAULIC TESTING
A fully assembled irradiation test vehicle (with simulated fuel plates) was used for testing. The test 

vehicle was fabricated such that the orifice plates could be easily changed. The hydraulic resistance of the 
RERTR Large B-Position irradiation test vehicle with various orifice plate sizes were calculated, the 
results are shown in Table 14.

Table 14. Loss coefficients for the RERTR Irradiation Test Vehicle components.7

Orifice Dia.
(mm)

K/A2

(1/m4)

ATR Coolant
Flow Rate
(cm3/sec)

10 5.3041 × 108 1252
9 8.2181 × 108 1046
8 1.6961 × 109 757

7.32 2.9022 × 109 588
7 3.0058 × 109 579
6 4.0784 × 109 500
5 101743 × 1010 298

Bypass 2.7958 × 108 --
Vehicle 1.4161 × 108 2727

Based on the results from the hydraulic testing, the orifice was removed leaving the capsule in the 
“Vehicle” configuration to provide an ATR coolant flow rate through the capsules of 2727 cm3/sec.8
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7. AS-RUN THERMAL ANALYSIS
The MCNP-calculated heat flux, nominal coolant flow rate, as-built plate thickness and ABAQUS 

were used to calculate the coolant and plate surface temperatures.

7.1 Coolant Temperature as a function of Location
The coolant temperature was analyzed at the five flow channels in the test assembly, with Channel 1 

at the right of the assembly. For each cycle interval, the coolant temperature was plotted as a function of 
location along the test assembly with 0 inches being at the top of the assembly. These plots are show in 
Figure 9 through Figure 17.

Figure 9. Coolant temperature as a function of location along the test assembly for Cycle 142B 01 
(BOC).9
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Figure 10. Coolant temperature as a function of location along the test assembly for Cycle 142B 02.9

Figure 11. Coolant temperature as a function of location along the test assembly for Cycle 142B 03.9
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Figure 12. Coolant temperature as a function of location along the test assembly for Cycle 142B 04 
(EOC).9
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Figure 13. Coolant temperature as a function of location along the test assembly for Cycle 143A 01
(BOC).9

Figure 14. Coolant temperature as a function of location along the test assembly for Cycle 143A 02.9

50

55

60

65

70

75

80

85

90

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Te
m

pe
ra

tu
re

 (°
C)

Location (inches)

Cycle 143A 01 (BOC)

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

50

55

60

65

70

75

80

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Te
m

pe
ra

tu
re

 (°
C)

Location (inches)

Cycle 143A 02 (15 EFPDs)

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5



27

Figure 15. Coolant temperature as a function of location along the test assembly for Cycle 143A 03.9

Figure 16. Coolant temperature as a function of location along the test assembly for Cycle 143A 04.9
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Figure 17. Coolant temperature as a function of location along the test assembly for Cycle 143A 05 
(EOC).9
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7.2 Plate Surface Temperature
The maximum, minimum, and average plate temperatures for each cycle interval are provided in 

Table 15 through Table 23.

Table 15. Plate surface temperatures for Cycle 142B 01 (BOC).9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 83.405 52.622 68.629
A-2 L1P256 77.503 52.565 65.899
A-3 L2P15Z 77.459 52.564 65.893
A-4 L1P135 84.365 52.633 70.762
A-5 L1P234 92.528 54.632 73.599
A-6 L1P213 83.646 54.352 69.448
A-7 L1P192 84.576 54.356 69.918
A-8 L1P171 92.096 54.695 73.415
B-1 DUMMY -- -- --
B-2 L1F401 -- -- --
B-3 L1F417 -- -- --
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z -- -- --
B-7 L1F44N -- -- --
B-8 DUMMY -- -- --
C-1 L1P12Z 100.586 57.463 79.602
C-2 L1P266 91.158 56.928 75.169
C-3 L2P16Z 90.237 56.924 74.704
C-4 L1P145 101.672 57.553 80.148
C-5 L1P244 102.166 60.010 81.057
C-6 L1P223 92.733 59.322 76.589
C-7 L1P202 93.184 59.308 76.792
C-8 L1P181 102.554 60.111 81.286
D-1 DUMMY -- -- --
D-2 L1F381 -- -- --
D-3 L1F427 -- -- --
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z -- -- --
D-7 L2F47Z -- -- --
D-8 DUMMY -- -- --

BOC (0 EFPDs)

Plate IDFuel 
Plate
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Table 16. Plate surface temperatures for Cycle 142B 02.9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 82.565 52.609 68.176
A-2 L1P256 77.156 52.556 65.689
A-3 L2P15Z 77.189 52.558 65.733
A-4 L1P135 83.848 52.625 68.801
A-5 L1P234 91.286 54.572 72.932
A-6 L1P213 82.273 54.318 68.723
A-7 L1P192 83.758 54.326 69.474
A-8 L1P171 90.619 54.655 72.646
B-1 DUMMY -- -- --
B-2 L1F401 -- -- --
B-3 L1F417 -- -- --
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z -- -- --
B-7 L1F44N -- -- --
B-8 DUMMY -- -- --
C-1 L1P12Z 96.345 57.249 77.365
C-2 L1P266 88.359 56.754 73.587
C-3 L2P16Z 88.109 56.769 73.455
C-4 L1P145 98.245 57.356 78.323
C-5 L1P244 98.487 59.576 79.006
C-6 L1P223 90.054 58.974 75.028
C-7 L1P202 89.918 58.992 74.957
C-8 L1P181 99.299 59.747 79.474
D-1 DUMMY -- -- --
D-2 L1F381 -- -- --
D-3 L1F427 -- -- --
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z -- -- --
D-7 L2F47Z -- -- --
D-8 DUMMY -- -- --

16 EFPDs
Plate IDFuel 

Plate
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Table 17. Plate surface temperatures for Cycle 142B 03.9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 81.611 52.590 67.653
A-2 L1P256 76.543 52.542 65.348
A-3 L2P15Z 76.480 52.542 64.228
A-4 L1P135 82.902 52.614 68.291
A-5 L1P234 89.499 54.499 71.990
A-6 L1P213 81.354 54.256 68.216
A-7 L1P192 82.665 54.261 68.874
A-8 L1P171 89.338 54.581 71.955
B-1 DUMMY -- -- --
B-2 L1F401 -- -- --
B-3 L1F417 -- -- --
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z -- -- --
B-7 L1F44N -- -- --
B-8 DUMMY -- -- --
C-1 L1P12Z 94.474 57.067 76.330
C-2 L1P266 86.889 56.579 72.721
C-3 L2P16Z 86.679 56.614 72.623
C-4 L1P145 95.817 57.175 77.025
C-5 L1P244 96.193 59.300 77.741
C-6 L1P223 88.356 58.726 74.029
C-7 L1P202 88.839 58.742 74.270
C-8 L1P181 97.278 59.449 78.329
D-1 DUMMY -- -- --
D-2 L1F381 -- -- --
D-3 L1F427 -- -- --
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z -- -- --
D-7 L2F47Z -- -- --
D-8 DUMMY -- -- --

29.7 EFPDs
Plate IDFuel 

Plate
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Table 18. Plate surface temperatures for Cycle 142B 04 (EOC).9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 83.490 52.626 68.670
A-2 L1P256 78.300 52.582 66.316
A-3 L2P15Z 78.288 52.582 66.334
A-4 L1P135 85.184 52.645 69.514
A-5 L1P234 92.027 54.654 73.360
A-6 L1P213 83.488 54.419 69.406
A-7 L1P192 84.905 54.430 70.121
A-8 L1P171 91.890 54.762 73.352
B-1 DUMMY -- -- --
B-2 L1F401 -- -- --
B-3 L1F417 -- -- --
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z -- -- --
B-7 L1F44N -- -- --
B-8 DUMMY -- -- --
C-1 L1P12Z 96.871 57.380 77.693
C-2 L1P266 89.076 56.906 73.487
C-3 L2P16Z 88.952 56.933 73.993
C-4 L1P145 98.824 57.520 78.701
C-5 L1P244 98.973 59.739 79.330
C-6 L1P223 90.705 59.166 75.469
C-7 L1P202 91.439 59.194 75.840
C-8 L1P181 100.414 59.942 80.125
D-1 DUMMY -- -- --
D-2 L1F381 -- -- --
D-3 L1F427 -- -- --
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z -- -- --
D-7 L2F47Z -- -- --
D-8 DUMMY -- -- --

EOC (52 EFPDs)
Plate IDFuel 

Plate
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Table 19. Plate surface temperature for Cycle 143A 01 (BOC).9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 93.458 52.858 74.176
A-2 L1P256 86.752 52.828 71.090
A-3 L2P15Z 87.105 52.837 71.308
A-4 L1P135 96.589 52.896 75.769
A-5 L1P234 106.825 55.586 81.275
A-6 L1P213 94.900 55.288 75.867
A-7 L1P192 96.982 55.323 60.247
A-8 L1P171 106.747 55.801 81.352
B-1 DUMMY -- -- --
B-2 L1F401 119.004 58.296 90.275
B-3 L1F417 120.060 58.372 90.937
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z 123.609 61.466 93.078
B-7 L1F44N 125.757 61.603 94.296
B-8 DUMMY -- -- --
C-1 L1P12Z 118.990 61.758 91.723
C-2 L1P266 111.233 63.856 88.622
C-3 L2P16Z 110.584 63.995 88.407
C-4 L1P145 122.179 62.063 93.457
C-5 L1P244 120.921 65.654 93.790
C-6 L1P223 113.261 67.060 90.773
C-7 L1P202 113.911 67.261 91.227
C-8 L1P181 123.170 66.181 95.108
D-1 DUMMY -- -- --
D-2 L1F381 125.149 70.121 98.685
D-3 L1F427 125.579 70.330 98.876
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z 126.891 72.594 100.162
D-7 L2F47Z 118.089 72.820 95.762
D-8 DUMMY -- -- --

BOC (0 EFPDs)
Plate IDFuel 

Plate
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Table 20. Plate surface temperature for Cycle 143A 02.9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 91.888 52.834 73.318
A-2 L1P256 85.793 52.806 70.559
A-3 L2P15Z 86.295 52.817 70.844
A-4 L1P135 95.192 52.875 74.992
A-5 L1P234 104.549 55.462 80.076
A-6 L1P213 93.889 55.196 75.283
A-7 L1P192 95.504 55.238 76.122
A-8 L1P171 104.169 55.133 80.009
B-1 DUMMY -- -- --
B-2 L1F401 113.760 58.034 87.323
B-3 L1F417 114.635 58.103 87.875
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z 117.104 60.961 89.457
B-7 L1F44N 118.863 61.109 90.455
B-8 DUMMY -- -- --
C-1 L1P12Z 114.215 61.245 88.935
C-2 L1P266 107.378 63.092 86.242
C-3 L2P16Z 106.764 63.214 86.036
C-4 L1P145 117.503 61.528 90.694
C-5 L1P244 116.374 64.830 91.014
C-6 L1P223 109.408 66.061 88.298
C-7 L1P202 110.029 66.243 88.724
C-8 L1P181 118.327 65.333 92.171
D-1 DUMMY -- -- --
D-2 L1F381 119.681 69.012 95.237
D-3 L1F427 120.617 69.207 95.695
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z 122.305 71.270 97.095
D-7 L2F47Z 114.111 71.500 93.030
D-8 DUMMY -- -- --

15 EFPDs
Plate IDFuel 

Plate
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Table 21. Plate surface temperature for Cycle 143A 03.9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z 91.433 52.828 73.069
A-2 L1P256 85.619 52.801 70.459
A-3 L2P15Z 86.058 52.812 70.712
A-4 L1P135 94.663 52.867 74.703
A-5 L1P234 103.779 55.428 79.676
A-6 L1P213 93.598 55.176 75.120
A-7 L1P192 95.237 55.215 75.970
A-8 L1P171 103.409 55.648 79.612
B-1 DUMMY -- -- --
B-2 L1F401 112.683 57.972 86.714
B-3 L1F417 113.546 58.039 87.256
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z 115.899 60.838 88.776
B-7 L1F44N 117.546 60.982 89.715
B-8 DUMMY -- -- --
C-1 L1P12Z 113.166 61.124 88.324
C-2 L1P266 106.838 62.935 85.848
C-3 L2P16Z 106.210 63.052 85.668
C-4 L1P145 116.275 61.397 89.988
C-5 L1P244 115.299 64.646 90.376
C-6 L1P223 108.888 65.864 87.931
C-7 L1P202 109.515 66.037 88.354
C-8 L1P181 117.143 65.128 91.468
D-1 DUMMY -- -- --
D-2 L1F381 118.649 68.792 94.583
D-3 L1F427 119.529 68.978 95.003
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z 121.544 71.007 96.566
D-7 L2F47Z 113.205 71.227 92.420
D-8 DUMMY -- -- --

26 EFPDs
Plate IDFuel 

Plate
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Table 22. Plate surface temperature for Cycle 143A 04.9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z -- -- --
A-2 L1P256 -- -- --
A-3 L2P15Z -- -- --
A-4 L1P135 -- -- --
A-5 L1P234 -- -- --
A-6 L1P213 -- -- --
A-7 L1P192 -- -- --
A-8 L1P171 -- -- --
B-1 DUMMY -- -- --
B-2 L1F401 112.952 53.901 58.304
B-3 L1F417 115.854 53.971 58.388
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z 116.010 56.680 58.443
B-7 L1F44N 119.376 56.828 58.524
B-8 DUMMY -- -- --
C-1 L1P12Z -- -- --
C-2 L1P266 -- -- --
C-3 L2P16Z -- -- --
C-4 L1P145 -- -- --
C-5 L1P244 -- -- --
C-6 L1P223 -- -- --
C-7 L1P202 -- -- --
C-8 L1P181 -- -- --
D-1 DUMMY -- -- --
D-2 L1F381 115.055 59.255 88.372
D-3 L1F427 117.186 59.391 89.368
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z 119.067 61.601 90.746
D-7 L2F47Z 110.632 61.571 86.494
D-8 DUMMY -- -- --

37 EFPDs
Plate IDFuel 

Plate
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Table 23. Plate surface temperature for Cycle 143B 05 (EOC).9

Max Temp 
(°C)

Min Temp 
(°C)

Ave Temp 
(°C)

A-1 L1P30Z -- -- --
A-2 L1P256 -- -- --
A-3 L2P15Z -- -- --
A-4 L1P135 -- -- --
A-5 L1P234 -- -- --
A-6 L1P213 -- -- --
A-7 L1P192 -- -- --
A-8 L1P171 -- -- --
B-1 DUMMY -- -- --
B-2 L1F401 111.551 53.866 58.145
B-3 L1F417 114.186 53.929 58.223
B-4 DUMMY -- -- --
B-5 DUMMY -- -- --
B-6 L2F46Z 114.382 56.578 58.284
B-7 L1F44N 117.503 56.712 58.359
B-8 DUMMY -- -- --
C-1 L1P12Z -- -- --
C-2 L1P266 -- -- --
C-3 L2P16Z -- -- --
C-4 L1P145 -- -- --
C-5 L1P244 -- -- --
C-6 L1P223 -- -- --
C-7 L1P202 -- -- --
C-8 L1P181 -- -- --
D-1 DUMMY -- -- --
D-2 L1F381 113.755 59.087 87.622
D-3 L1F427 115.666 59.210 88.492
D-4 DUMMY -- -- --
D-5 DUMMY -- -- --
D-6 L2F45Z 118.064 61.389 90.133
D-7 L2F47Z 109.369 61.349 85.738
D-8 DUMMY -- -- --

EOC (48.9 EFPDs)
Plate IDFuel 

Plate
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Appendix A

Individual Plate Power and Fission Density Plots
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Appendix A
Individual Plate Power and Fission Density Plots
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