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Cross Section View of Core (MCNP Model)
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Basic Reactor Parameters

MURR is a pressurized, reflected, heterogeneous, open
pool-type, which is light-water moderated and cooled

* Maximum power — 10 MW,

« Peak flux in center test hole — 6.0E14 n/cm?-s

 Core — 8 fuel assemblies (775 grams of U-235/assembly)

« Control blades — 5 total: 4 Boral shim-safety, 1 SS regulating
« Reflectors — beryllium and graphite

* Forced primary coolant flow rate — 3,750 gpm (237 Ips)

« Forced pool coolant flow rate — 1,200 gpm (76 Ips)

* Primary coolant temps — 120 °F (49 °C) in, 136 °F (58 °C) out
* Primary coolant system pressure — 85 psia (586 kPa)

* Pool coolant temps — 100 °F (38 °C) in, 106 °F (41 °C) out
 Beamports — three 4-inch (10 cm), three 6-inch (15 cm)
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MURR Fuel Element

HANDLING FIXTURE AND GUIDE ASSEMBLY

24 CURVED
FUEL PLATES

FUEL PLATE
SUPPORT COMB

Dimensions:
Overall length: 32.5 inches (82.55 cm)
Plate length: 25.5 inches (64.77 cm)
Active fuel length: 24 inches (60.96 cm)
Number of plates: 24
Enrichment: 93% in U-235 P
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Potential Fuel Design/Manufacturing
Limitation Questions/Assumed Answers

What is the peak fuel burnup limit?
~7.0E21 fissions/cc

How thin can acceptable U-10Mo fuel foils be made?
< 0.005-inches (0.127 mm)

What is the thinnest nominal plate cladding thickness
sufficient to contain the fission products?

< 0.010-inches (0.254 mm)
How thin can sufficiently stiff curved fuel plates be made?
< 0.038-inches (0.965 mm)

Magnitude of U-10Mo engineering peaking factors?
< UAI, HEU factors

What is the minimum cladding blister temperature?
850 to 900 °F (454 to 482 °C)
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Summary of MURR Fuel Element Specifications

Description | Current HEU Fuel | Proposed LEU Fuel
Fuel
Material UAI, (mostly UAL,) U-10Mo
Enrichment 93% 23U 19.75% 233U
Thickness Plate 1 20 mil (0.508mm) 9 mil (0.229 mm)
Plate 2 20 mil (0.508mm) 12 mil (0.305 mm)
Plates 3-23 20 mil (0.508mm) 18 mil (0.457 mm)
Plate 24 20 mil (0.508mm) 17 mil (0.432 mm)
Cladding
Material Aluminium
Thickness Plate 1 15 mil (0.381mm) 20 mil (0.508 mm)
Plate 2 15 mil (0.381mm) 13 mil (0.330 mm)
Plates 3-23 15 mil (0.381mm) 10 mil (0.254 mm)
Plate 24 15 mil (0.381mm) 16 mil (0.406 mm)
Fuel Element
Number of Fuel Plates 24

Overall Fuel Element Length
Overall Fuel Plate Length
Overall Active Fuel Length

32.5 inches (82.550 cm)
25.5 inches (64.770 cm)
24.0 inches (60.960 cm)

Fuel Plate Thickness 1 & 24 50 mil (1.270mm) 49 mil (1.245mm)
Fuel Plate Thickness 2-23 50 mil (1.270mm) 38 mil (0.965mm)
]()éitﬁﬁii gfl;zg‘) Plates 80 mil (2.032mm) 92 mil (2.337mm)
Maximum 233U Loading 775 grams 1439 grams
Fuel U-235 Density 1.42 grams/cm? 3.03 grams/cm?
Weight ~6Kg ~ 11 Kg
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Cladding

Coolant Channel

Cross-sectional
View of

Proposed LEU
Fuel Element

Plate-24
Fuel Meat — 17 mils
Cladding — 16 mils
Total — 49 mils

Plate-3 to -23
Fuel Meat — 18 mils
Cladding — 10 mils
Total — 38 mils

Plate-2
Fuel Meat — 12 mils
Cladding — 13 mils
Total — 38 mils

Plate-1
Fuel Meat — 9 mils
Cladding — 20 mils
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Cross Section View of Core (MCNP Model)
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Fuel Cycle Simulation

REBUS-DIF3D shuffling model developed to simulate complex
cycle used in MURR for HEU and proposed LEU fuel

» Control blades fixed at 23 inches withdrawn; current typical reflector and
flux trap loadings

* Pre-simulation cores produced 24 fuel elements with burnups ranging from
0-139 MWd (HEU) or 0-190 MWd (LEU)

» 82-week HEU core simulation; fresh elements loaded every 4-5 weeks;
target burnup of 150 MWd

» 93-week LEU core simulation; fresh | ...
elements loaded every 5 weeks;
target burnup of 208 MW(d; reactor
power increased from 10 to 12 MW

* k¢ for LEU core bounded by k4 of
HEU core

* MCNP?5 used for critical rod search, | ..,
3-D power distributions, and flux o
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Current HEU & Proposed LEU Fuel

Operating Cycles

Parameter

Current HEU Fuel

Proposed LEU Fuel

Maximum burnup:

150 MWd/element (1200 MWd/
core) due to insufficient excess
reactivity — this achieves less than
1.8E+21 fissions/cc burnup;
Technical Specification limit is 2.3E
+21 fissions/cc

208 MWd/element (1664 MWd/
core) due to insufficient excess
reactivity — this achieves less than
4E+21 fissions/cc burnup

Core MWds
(control blades full out):

~670 MWd core with equilibrium
xenon activity (56% of 1200 MWd)

~890 MWd core with equilibrium
xenon activity (53% of 1664 MWd)

Weekly — replace all eight fuel
elements; fuel elements are used in

Weekly — replace all eight fuel
elements; fuel elements are used in

cycle

Refuelings: 18 to 20 core loadings to achieve about 22 core loadings to achieve
145 to 150 MWd burnup at 10 MW ~208 MWd burnup
(~24% burnup) at 12 MW (~18% burnup)
22 elements used per year at 10 19 elements used per year at 12
Fuel Cycle: MW; 32 fuel elements 1n active fuel | MW; 32 fuel elements in active fuel

cycle

L MURR
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REBUS-MCNP Rundowns for Fresh MURR Cores
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Partially Burned Cores

Summary of Critical States Evaluated for

Ave Critical MCNP5
Fuel Element Burnup (MWd) Flux Trap Prior B?“kz Deviation
Reactivity' DRV 1T I-_Ielght f."?"‘ -
(%Dk/K) Control _(lnches Critical
Date X1/X5 X1/X6 X3/X7 X4/X8 Sum Blades withdrawn) (%Dk/k)
04/23/05 32 92 73 95 584 0.478 271 17.97 -0.263
05/02/05 38 140 44 73 590 0.474 280 18.02 -0.228
05/09/05 0 117 63 115 590 0.427 287 17.63 -0.260
05/16/05 17 137 52 82 576 0.432 294 17.93 -0.270
05/30/05 9 139 21 124 586 0.474 308 18.06 -0.144
07/11/05 29 136 40 84 578 0.464 350 17.98 -0.257
06/16/00 54 72 41 143 620 0.346 1040 17.22 -1.028
08/07/00 16 98 68 117 598 0.384 1092 17.02 -1.086
11/15/00 0 139 56 108 606 0.359 1192 16.72 -1.065
12/17/01 22 124 69 91 612 0.348 1709 16.64 -1.317
12/31/01 14 131 72 87 608 0.340 1723 16.66 -1.285
04/22/02 0 118 64 114 592 0.418 1835 16.00 -1.697
08/08/05 0 143 38 115 592 0 378 18.52 -0.087
09/04/00 24 90 50 141 610 0 1120 17.81 -0.080
02/04/02 11 136 61 96 608 0 1758 17.03 -0.594
1 The flux trap reactivity indicates the worth of the flux trap contents relative to an empty flux trap.
2 Critical bank heights reported here are corrected for small differences between the nominal water temperatures modelled
and those measured at the critical state.
3 MCNP deviation from critical is (k-1)/k, corrected for the difference between flux trap worth of the critical state and flux trap
worth modelled with the nominal sample loading (for cases with nonzero flux trap worth).
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MCNP5 k-effective for Partially Burned Core Beginningof-Week Critical States
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*k-effectives compared to 1.0 after corrections for water temperatures and for center flux hole worth
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Summary of Key
Hot Stripe Heat Fluxes Evaluated

Core State that may bound power peaking

Hot Stripe Heat Flux (W/cm?)
Fresh Element in Position X1

Hot Stripe Heat Flux (W/cm?)
Fresh Element in Position X5

Burnup Flux Plate Plate Plate Plate | Plate Plate Plate Plate
Fuel! Case State Day Trap? 1 3 23 24 1 3 23 24
TA Fresh 0 Samples | 1267 914 673 768 | 1288 940 694 804
2A Fresh 2 Samples | 121.6 893 744 873 | 1234 894 748  86.6
3A Week 58 0 Samples | 1317 966 826 966 | 1323 976 793 918
N 4A Week 58 2 Samples | 1263 926 904 1074 | 1256 926 828 978
10 B Fresh 0 Empty | 1332 945 667 772 | 1338 962 700 802
MW 2 Emmpty——270—013— 945 g70 | 1003 g0y g43 gy
3B Week 58 0 Empty |[1386] 993 830 976 | 1389 997 789 922
4B Week 58 2 Empty | 1329 948 908 [1096]]| 1321 932 88 979
e Fresh 5 Samptes 63— 13448491000 H94+—136-6— 90+ 1076
6A Fresh 2 Samples | 1122 1295 946 1160 | 1134 1304 958 11722
7A Week 79 0 Samples | 119.0 1376 1033 1266 | 1184 1377 1013 1223
LEU 8A Week 79 2 Samples | 1141 1304 1138 1426 | 1133 1301 1055 131.1
. 5B Fresh 0 Empty | 1240 1390 850 1008 | 1253 1409 908  108.0
MW | —6B———Fsesh 2 Eempty——H94—1324—0s¢ oo | 1106 1334 064 g0 |
7B Week 79 0 Empty |[124.9] 1410 1047 1276 | 1251 1408 1020 1232
8B Week 79 2 Empty | 1203 1339 1143 [1454) | 1194 1328 1057 1313
T Note tha NG operates -t WEV—whitet2-MW-rsproposedfor EEt operatrom—Fhrmsr 205 mercrse i EF-reat-Frowomtd-be

expected if the element was not altered (in design and underlying physics).

2 Samples indicates a typical loading of samples in all three flux trap tubes. Empty indicates neither samples nor tubes in the flux trap
(i.e., "empty island" configuration).
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1 Comparison of Average Heat Flux
in the HEU and LEU Cores
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« MCNPS5 power tallies at critical rod height used to determine peak heat flux and
axially-averaged “hot stripe”

» 8 elements, 24 plates, 24 axial zones and 9 azimuthal stripes

» 5,184 tally segments/element
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Axial Average Heat Flux in Fuel Element

Case 7B: LEU Week 79 Day 0 (Empty Flux Trap)
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Azimuthal Peaking Factor in Fuel Element

Case 7B: LEU Week 79 Day 0 (Empty Flux Trap)
1.30
3
£ 125 —
Sy t ol
8 = VAP SO
s & A7 ¥ \\:.Ei\ X1
=5 120 [ —7 7‘7/ — S —
g-"E f/ TR S IR T
5 5 // Y <>\,795?,// Lan :3 \ —— X3
965 L5 %%_ TN ——x4
%'
C g [ \K — - =X9
éz 1.10 ——z,f— B\ X§
~ &
13 // X7
2 = 1.05 é— ] X§
3 :
1.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Plate (where 1 is toward core center)
MU R

7\ . . . .
> Bringing quality nuclear research, education

and Service 1o a global community

TRTR/IGORR-2010 — Septemb

Knoxville, Tennessee

er 20,2010



“*Reactor Power Predicated to Initiate Channel
Flow Instability in Each Core
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Flow Instability Power

Case Element Power, MW Channel
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Comparison of Day 2 LEU Fluxes
& Reaction Rates to HEU (10 MW)

Neutron Energy Range

Metric

<1eV >1eV Sum

LEU Core 10 MW, Week 79, Day 2
Critical Bank 23.481 inches withdrawn, Regulating Blade 15 inches withdrawn

S-32 (n,p) reactions in FT Tube B 13-15" n/a n/a 95% +0.3% | 95% | £0.3%

Flux in FT Tube B 13-15" 87% | £0.1% | 93% | £0.1%

Ir-191 (n,y) reactions in FT Tube C 17-20" 87% | £0.3% | 93% +1.5% | 87% | £0.3%

Ir-193 (n,y) reactions in FT Tube C 17-20" 87% | £0.3% | 88% +1.9% | 87% | £0.5%

Flux in Ir wires of FT Tube C 17-20" 87% | £0.3% | 92% + 0.4%

Flux in Wedge #3 Row 1 P-Tube Bottom 3" | 86% | £0.1% | 91% + 0.2%

Si-30 (n,y) reactions in Green-5 Position 88% | £0.0% | 90% + 1.4% 88% | £0.1%

Flux in Green-5 Position 88% | £0.0% | 91% +0.1%

= . Losses exceed 10% in all thermal metrics
\ - |
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Comparison of Day 2 LEU Fluxes
& Reaction Rates to HEU (12 MW)

Neutron Energy Range

Metric

<1eV >1eV Sum

LEU Core 12 MW, Week 79, Day 2
Critical Bank 23.481 inches withdrawn, Regulating Blade 15 inches withdrawn

S-32 (n,p) reactions in FT Tube B 13-15" n/a n/a 113% | £0.3% | 113% | £0.3%

Flux in FT Tube B 13-15" 104% [ £0.1% | 112% | +£0.1%

Ir-191 (n,y) reactions in FT Tube C 17-20" 104% | £0.4% | 112% | +1.8% | 105% | +0.4%

Ir-193 (n,y) reactions in FT Tube C 17-20" 104% | £0.4% | 106% | +£2.3% | 105% | +0.7%

Flux in Ir wires of FT Tube C 17-20" 105% | £0.4% | 110% | £0.5%

Flux in Wedge #3 Row 1 P-Tube Bottom 3" | 104% | +£0.1% | 110% | +0.2%

Si-30 (n,y) reactions in Green 5 Position 105% | £0.0% | 108% | £1.7% | 105% | £0.2%

Flux in Green-5 Position 105% | £0.0% | 109% | £0.1%

. Gains in all metrics
7 MUPRCR
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4 Tasks To Be Completed On

LEU Fuel Conversion

« Feasibility Analysis Report was completed on September
30, 2009. The Report stated that it is possible to convert
MURR to LEU fuel with the following four qualifiers:

» Complete qualification of U-10Mo Monolithic Fuel
» Demonstrate 38-mil fuel plates are stiff enough

» Demonstrate fuel plates can be manufactured with 10-mil
cladding

»  With approval of analysis, order MURR to convert at 12 MW

 Revise RELAP Model to handle four quadrants of 24 fuel
plates with 25 coolant channels for LEU core

« Perform safety analyses

« Perform analysis to identify best way to transition from
HEU to LEU using burnable poisons to meet all users flux
requirements

 Thank you for your attendance, any Questions???
S AU R
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