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3 | Sandia Critical Experiments Facility

” . TuPCX
The Seven Percent Critical Experiment (7uPCX)

UO, fuel (6.9%)

45x45 Square array (pitch 0.315 and 0.337 inch)
Fuel locations 2025

Fuel rod diameter 0.25 inch

Fuel length 19.25 inch

LCT-078, 080, 096, 097

The Burnup Credit Critical Experiment (BUCCX)
UO, fuel (4.3%)
Triangular pitch (0.787 and 1.1 inch)
Fuel locations 397 and 271
Fuel rod diameter 0.544 inch
Fuel length 19.37 inch
LCT-079, 099

(
Fuel Length (cm)

)
e .
Triangular Pitch X :
20
0.640
448

Fuel Density (g/cm3)




4 . Titanium and Aluminum Sleeves

Titanium sleeves
Grade 2
Outer diameter 1.0 inch
Wall thickness 0.035 inch
Length 19.6 inch
Laser etched with ID number

Sleeve ID number

Top and bottom centering pieces

Polyethylene Centering Pieces
Length 0.85 inch
O-rings hold in place

Sleeves ready to be placed in assembly

v

B

Dimensions in inches
SECTION B-B




5 | Titanium and Aluminum Sleeves

Sleeves are placed between the top and
bottom grid plates (fueled section)

Fuel element fed through top grid plate
hole into the sleeve and into bottom grid

plate hole
Fuel element outer diameter 0.544 inch

Sleeve inner diameter 0.93 inch

Titanium Sleeve
(Fuel Element)

Control/Safety
Element

Top Grid Plate

Control/Safety
Element

Dimensions in inches

Bottom Grid Plate

QTY [PART/CONTROL NUMBER

4 [2-019v884

1 1J42910-000

1 1J42909-000
1a2anK.0nn

O-RING, AS568-019

BUCCX Tl EXPERIMENT SLEEVE
TOP CENTERING PIECE
ROTTOM CENTFERING PIFCF




6 | Experiment Method

Measure the effects of titanium and aluminum sleeves in the fuel array on the critical array
size.

All titantum experiments have corresponding aluminum experiments
Configuration of the sleeves (titanium and aluminum) the same for each case

Number of fuel rods in the array will differ due to the effects of titanium and aluminum

Critical array size for each configuration determined by an approach-to-critical experiment
Array fully reflected by water

Approach parameter is the number of fuel rods
Load from center toward the outside while maintaining a roughly cylindrical cross section of the array

Inverse count rate as function of number of fuel rods extrapolated to zero to obtain critical array size

Initial two arrays for each configuration determined by calculations
1%t array: k. = 0.90
27d array: k. = 0.95

Subsequent measurements guided by count rate results

Loading order guided by fuel element incremental worth calculations

17 critical experiments performed
1 with no sleeves
8 cases with titanium sleeves (varying quantities and configurations)

8 cases with aluminum sleeves (matching titanium cases)



Approach-to-Critical (case 2 and 10)
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Fuel Element Layout for Largest Array Measured(|7 cases)
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Fuel Element Layout for Largest Array Measured(l7 cases)
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10 | Fuel Element Layout for Largest Array Measured(17 cases)
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11 | Core Analysis (Fission Density)

Case 1 (no sleeves) Case 2 (60 titanium sleeves)

Relative Fission Density L
1.86 - g bl Relative Fission Density
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Titanium and Aluminum Sleeve Reactivity Wort
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13 | Approach-to-Critical Experiment Results

Detailed records kept of location and identity of each fuel element in each core

Fuel elements placed in same grid location in each core

Critical array size extrapolated from largest measured subcritical array
Most measured cases within a fraction of a single element from delayed critical

Uncertainties in count rate propagated through the extrapolation

Largest Subcritical Array Measured Nearest
= = e Extrapolated
Number of Number of Driver Critical At Integral
Fuel Driver Fuel Element UO; SiJZE {"Elemen?s) Array Size
Elements, Elements® { R ' (Elements)

Experiment
Temperature
Q)

131.877 +0.004
250.228 £ 0.000
- 240.296 £ 0.000
[« | 24 [ a0 | 1337100 | 21500820003
s | 28 | 204 | 12986850 |209.016:0.003
1’091‘*% 194502 £ 0.001 __
n

I HI

s | 174 | 10 | 10832700
9191250 | 148.493 +0.001
__
§8096.00 | 142.565 +0.002 _
3492050 | 137.960 £ 0.005
84920.50 1?:n+ﬂﬂm 254

137.714 £ 0.003
133 $2390.00 | 133.952 £0.005 _

(a) All cores include a source element and three control-"'saiety elements.




14 | Uncertainty Analyses L I
Analyses performed with MCNPG6.2 using Continuous-energy cross sections from ENDF/B-VII.1 I

Direct Perturbations

Least-squares fit with uncertainty propagation

Sensitives to materials (KSEN)

Combined to assess uncertainties

Temperature (makxsf)

Thermal expansion of fuel, density of water, Doppler broadening, thermal scattering

Case 1: No Sleeves

. Uncertainty Sensitivity
Uncertainty Source Type - z Ak.
i Value | Value for

0.00239 0.0264 0.00025 0.00006
0.000106 -0.08200 0.00023 -0.00001
0.00293 0.03867 0.00023 0.00011

Pitch of Fuel Elements (cm)
Clad OD (cm)

Clad Thickness (cm)

Fuel OD (cm)

0.02157 0.00015 0.00005
Upper Reflector (mm)

1 .
0.00000
Element Fuel Mass (cm) 0.00002
Fuel Enrichment (mass fraction) 0.00062 I
24U (mass fraction) -0.00008
238U (mass fraction) -0.00002
000017
B
B

0.00008 *
Details within report 0.00003
Water Composition 0.00024

Temperature (K) 0.000042 | 0.000003 | 0.00004
0.00071 |

UO» Stoichiometry (U mass fraction)
Clad Composition
Grid Plate Composition




15 | Uncertainty Analyses L I
Analyses performed with MCNPG6.2 using Continuous-energy cross sections from ENDF/B-VII.1 I

Direct Perturbations

Least-squares fit with uncertainty propagation

Sensitives to materials (KSEN)

Combined to assess uncertainties

Temperature (makxsf) I
Thermal expansion of fuel, density of water, Doppler broadening, thermal scattering
Case 2: 60 Titanium Sleeves
o Uncertamt\, Sensitivity
Pitch of Fuel Elements (cm) 0.00239
Clnd OD (em) EEE aFT ARt ER N
Clad Thickness (cm) B | 000293 [ 001080 | 000017 | 0.00003 |
(FuelOD(m) | A | 00025 [ 003139 [ 0.00015 | 0.00008 |
pper RefiectorGmmy | A |2 | 0060 | 0006001 | 500600
Element Fuel MﬂSS (cm)
Experiment Sleeve OD (cm) 0.00019
Experiment Sleeve 1D (e 5|00 | o33 | aoonr | 000067
Fuel Enrichment (mass fraction) I
24 (mass fraction)
% (mass fraction) A | 000002 | -09957 | 00078 | -0.00002 |
UO; Stoichiometry (U mass fraction) -
:

. — - Details within report
Water (.omposmon
-—

Grld Pla‘re C ompomtlon




16 | Uncertainty Analyses L I
Analyses performed with MCNPG6.2 using Continuous-energy cross sections from ENDF/B-VII.1 I

Direct Perturbations

Least-squares fit with uncertainty propagation

Sensitives to materials (KSEN)

Combined to assess uncertainties

Temperature (makxsf) I
Thermal expansion of fuel, density of water, Doppler broadening, thermal scattering
Case 10: 60 Aluminum Sleeves
cartainty . Uncertainty Sensitivity
Pitch of Fuel Elements (cm) “ 0.00239
0.00023
| CladThickness(em) | B | 000293 | 004067 | 000023 | 0.00012 |
0.0025
Experiment Sleeve OD (cm)
Experiment Sleeve ID (cm) | B | 000020 | 01273 | 00001 | 000003 |
Fuel Enrichment (mass fraction) I
UO; Stoichiometry (U mass fraction) _
Clad Composition . B | L
Grid Plate Composition “

Experiment Sleeve Composition Detalls withitt fepar
Water Composition ;
Temperature (K)




17 | Benchmark Model

Bottom plug

Fuel Element

Cladding (1.383157 0D, 1.299337 ID)  Top plug

’G—I( 1270
F

Dimensions in cm

54.2925

Fuel Element with Titanium Sleeve

Bottom plug Titanium Experiment Sleeve (2.54215 OD, 2.35159 ID)

Dimensions in cm

Detector Dry Well

Dry Well Polyethylene (11.51890D, 6.61162 ID)
— [T e o)

«—0.635

30.0228

Dimensions in cm

Fuel Element with Aluminum Sleeve

Bottom plug /— Aluminum Experiment Sleeve (2.54388 OD, 2.357251D)

m .

Dimensions in cm

Top View Layout

Cut-Away Core

Uppergrid plate ——,

N

i
ARRRRRRRRRERRRN

Emptygrd
F it p—




18 | Benchmark Model L]

Analyses performed with MCNPG6.2 using Continuous-energy cross sections from ENDF/B-
VII.1

Simplifications

Temperature and Fraction Fuel Element Bias

Case Critical Array Size Nc Array Element Sensitivity Sy
Size

Temperature corrections

Fractional fuel elements
240303 | 000 | 240 | 00005 | 000001 | 0000297 | 0.000004 |

Overall reactivity bias
200,006 | 0003

0.001
0.004 0.000004
0.002 0.000005
0.006 0.000009

| 6 | 194.484
177.031
8 | 174732
148.076

148.493

0.001 0.000007
0.002 0.000007
0.002 0.000620 | 0.000007
0.004
0.004
0.001
0.003
0.005 0.00155

142.566
142.881
137.962
137.292
137.702
133.943

Simplification Bias

16
17

—
B~
(=)
(=}

)
Overall Bias
1 | -0.00001 | 0.0001 | 0.000183 [ 0.00006 | 0.00017 | 0.00002 |

-
9

10

i i 00011 0.00001 0.00003 0.00001 -0.000006 | 0.000003 0.00002 0.00001

< - 6 | 0.00000 0.00001 0.000541 0.000007 0.00054 0.00002
13 -0.00011 0.00001 -0.00006 0.00001 | -0.000034 | 0.000004 | -0.00009 0.00001

14 -0.00006 0.00001 8 [ 0.00024 | 0.00001 0.000308 | 0.000005 0.00055 0.00001
15 -0.00004 0.00001 9 | -0.00033 0.00001 | -0.000115 | 0.000009 | -0.00045 0.00002
16 .0001

17 5

_0'00015 0.00001 -0.00026 0.00001 -0.000099 | 0.000004 -0.00036 0.00001

11 | -0.00015 | 0.00001 | 0.000689 | 0.00007 | 0.0054 | 0.00002 |
12 | -0.00011 | 0.00001 | 0.000620 | 0.000007 | 0.00051 | 0.00002 |
| 15 | -000004 [ 0.00001 | -0.000441 | 0.000004 [ -0.00048 | 0.00001 |
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Benchmark Model kg

Case 10

Case 13

Benchmark Model Results

Benchmark
Model Kefr

Bias
Uncertainty

Experiment
Uncertainty

Total Benchmark
Model Uncertainty

1.00017

0.00002

0.00071

0.00071

0.99965

0.00001

0.00083

0.00083

0.99979

0.00001

0.00083

0.00083

0.99964

0.00001

0.00083

0.00083

1.00002

0.00001

0.00083

0.00083

1.00054

0.00002

0.00083

0.00083

0.99991

0.00001

0.00083

0.00083

1.00055

0.00001

0.00083

0.00083

0.99955

0.00002

0.00083

0.00083

0.99909

0.00002

0.00071

0.00071

1.00054

0.00002

0.00071

0.00071

1.00051

0.00002

0.00071

0.00071

1.00006

0.00002

0.00071

0.00071

1.00000

0.00002

0.00071

0.00071

0.99952

0.00001

0.00071

0.00071

1.00037

0.00002

0.00071

0.00071

1.00005

0.00002

0.00071

0.00071




ENDF/B-VII.O

ENDF/B-VII.1

Results of Sample Calculations

SCALE6.2 KENO-VI CE

Reactivity Offset

v} Benchmark k.4 Uncertainty

I Monte Carlo kes Uncertainty

Case Number

Titanium

Aluminum

Reactivity Offset

j Benchmark ks Uncertainty

I Monte Carlo ke Uncertainty

8 10

Case Number

Library

Average Reactivity
Offset (all cases)

Average Reactivity Offset

(Ti cases)

(Al cases)

Average Reactivity Offset

ENDF/B-VII.O

0.0014

0.0026

0.0003

ENDF/B-VII.1

-0.0002

-0.0003

-0.0000

_kc_kb
=k

p = reactivity offset

calculated ks

= evaluated benchmark k¢

MCNP6.2

Reactivity Offset

ENDF/B-VII.O

I Benchmark k. Uncertainty

I Monte Carlo k.4 Uncertainty

6

8 0
Case Number

Titanium

Aluminum

Reactivity Offset

ENDF/B-VII.1

I Benchmark kes Uncertainty

I Monte Carlo ks Uncertainty

8 10
Case Number

Library

Average Reactivity
Offset (all cases)

Average Reactivity Offset [Average Reactivity Offset

(Ti cases)

(Al cases)

ENDF/B-VII.O

0.0009

0.0021

-0.0001

ENDF/B-VII.1

-0.0004

-0.0007

-0.0002




21 | Conclusions . |

Second set of titanium experiments now complete. I
First set LCT-097 for titanium rods in 7uPCX

To be included as .LCT-099 in 2019 ICSBEP Handbook
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