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Outline

* VERA-CS and MPACT
— 2D/1D Method
— 1D Axial Solvers

« AP1000® Core Geometry
— Initial Accuracy Issues

« Transport-correction options for diffusion coefficients

* Results

— Single Assembly (565 K)
— Quarter-Core
 ARO at 565 K
* Multirodded (600 K moderator, 900 K fuel)

« Summary/Conclusions
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MPACT and the 2D/1D Method
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* To highlight the modifications to the diffusion coefficients in the axial
solvers, P, scattering is used in the MOC solver for all cases
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Axial Transport Solvers in MPACT

* Nodal Expansion Method (NEM)

— Two-node kernel
— Based on 1D-Diffusion Eq.:

4D, d*
_?d_gz¢g(€) + 2, ,0(8) = Q4(8)
1
D =
g 3Ztr,g

4
— Quartic flux expansion: ¢, = a,A®

i=0
2
— Quadratic source expansion: ¢, = q,:P©)
i=0
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Axial Transport Solvers in MPACT

- Simplified Py (SP,)
— Uses an N order polar expansion for the angular flux:

Nmom
2m + 1
02) = ) T g (P (W)
m=0

— Wraps one-node NEM kernel for spatial representation
— NEM-SPg;:

2

4Dy, d
2 GE P00 + @0, () = Qg6+ 28, @, (9)
4D, 4 d* 4 2
T 7 P20+ (Bug +5500) 0250 =~ (006 ~ 21,00, ©)
1 9

D, . = D, =
%97 3%, , »9 7 35%,,
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AP1000® Reactor Models

* Highly heterogeneous axially

e Start-up cores use two burnable absorbers to control
reactivity and power shape

— Integral Fuel Burnable Absorber (IFBA)

— Wet Annular Burnable Absorber (WABA)
* Three different length rods (short, intermediate, and long)

« Severe accuracy issues initially observed in cases
with WABA rods

— Using out-scatter approximation for transport cross section

— Also recreated using other partial length burnable
absorbers (not specific to WABA)

J. R. Secker and J. A. Brown, “PWR Burnable Absorber Evolution and Usage,” ANS Winter Meeting, San
Diego, CA, November 9 (2010). OAK RIDGE
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AP1000® Geometry — Radial Layout

* Seven assembly types
* Wide range of enrichments

Assy. # Percent | U-235 | U-235 | IFBA | WABA
of Core | AVG | BLKT | Rods Rods

10% 0.740 | Absent 0 0

31% 1.580 | Absent 0 0

3 18% 3.200 | 1.580 0 0
23% 3.776 | 3.200 68 8L+4S

5% 4376 | 3.200 88 41

3% 4376 | 3.200 124 0

10% 4376 | 3.200 124 8l
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AP1000® Geometry — Control Rod Banks

e 11 control rod banks

e In the quarter-core
case shown later

— AO Is 85% withdrawn
— MD i1s 34% withdrawn

;g,OAK RIDGE
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AP1000® Geometry — Axial Assy. Layout
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AP1000® Geometry — Assembly 4 Lattice
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Transport Correction Options for
Diffusion Coefficients

e Qut-scatter

Ng rp

Zirg = Ztg ~ Z 2:sl,g—>g'
g =1

In-scatter Ngrp
. 1
— Based on P, Equation: 3%9 —ZegDgby = - Z Zs1,9'~gDg Py’

g =1

— Arepresentative flux spectrum (¢,) Is input

— Transport cross section is obtained by solving for D;:

1

Z:tr,g — %

A. Yamamoto, Y. Kitamura, and Y. Yamane, “Simplified Treatments of Anisotropic Scattering in LWR Core
Calculations,” Journal of Nuclear Science and Technology, Vol. 45, No. 3, pp. 217-229 (2008).
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Transport Correction Options for
Diffusion Coefficients

* “Neutron Leakage Conservation” (NLC)
— Based on a uniform, hydrogen slab buckling problem:

]right,g _]left,g — DgBZ¢gW

100 cm

Inner Slab Tally Region

60 cm

— The flux and currents (at red boundaries) are determined
and are used to solve for the transport cross section:

. 1 Bp,W
t ) ) —
o 3Dg 3(]right,g _]left,g)

B. R. Herman et al., “Improved Diffusion Coefficients Generated From Monte Carlo Codes,” Proc. M&C 2013,
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Single Assembly Results

NEM (diff.) NEM-SP, NEM-SP;
Axial AF | AF AF | AF AF | AF
Trans. | Ak | RMS | MAX [ AAO | Ak | RMS [ MAX [ AAO | Ak | RMS | MAX | AAO
Assy.| Corr. [(pem)| (%) [ (%) | (%) [(pem)| (%) | (%) | (%) |(pcm)| (%) | (%) | (%)
Out-Scat.| -242 021 155 -0.02|-241 0.16 051 0.03|-241 0.16 0.49 0.03
1 | In-Scat. | -226 0.24 0.72 -0.09| -225 0.17 0.54 -0.07|-225 0.17 0.52 -0.07

NLC |-228 023 145 -0.11|-227 0.18 0.51 -0.06|-227 0.18 0.49 -0.06
Out-Scat.| -170 0.15 0.67 -0.07|-169 0.18 0.72 0.11|-169 0.18 0.72 0.11
2 | In-Scat. | -151 0.17 0.60 -0.06| -150 0.20 0.62 0.13 [ -151 0.20 0.62 0.13

NLC |-155 0.17 0.57 -0.07|-154 020 0.56 0.12 | -154 0.20 0.56 0.12
Out-Scat.| -66 0.37 0.82 -0.28| -66 0.30 0.97 -0.16| -66 0.30 0.97 -0.16
3 | In-Scat. | -44 025 097 -0.16| -44 0.13 046 -0.02| -44 0.13 0.46 -0.02

NLC | -48 026 0.80 -0.19| -49 0.12 054 -0.05| -49 0.12 054 -0.05
Out-Scat.| -252 6.69 17.86 -3.21| -232 5.09 12.76 -2.62| -232 509 12.76 -2.62
4 | In-Scat. | -155 0.88 3.97 0.39|-138 1.51 3.93 0.81|-138 151 3.93 0.1

NLC |-179 175 658 -0.44|-162 036 173 0.02|-162 0.36 1.73 0.02
Out-Scat.| -151 5.86 14.04 -3.97| -145 4.85 11.68 -3.36| -145 4.85 11.68 -3.36
5A | In-Scat. | -96 124 4.09 097 | -91 193 522 134| -91 193 522 1.34

NLC |-109 064 182 -0.24|-104 034 128 024 |-104 034 128 0.24
Out-Scat.| -156 0.24 1.02 -0.11| -155 0.14 0.73 0.00 | -155 0.14 0.73 0.00
58 | In-Scat. | -135 0.24 1.20 -0.10| -134 0.14 050 0.04 | -135 0.14 050 0.04

NLC |-139 025 1.10 -0.11|-139 0.14 0.60 003 |-139 0.14 0.60 0.03
Out-Scat.| -279 5.45 14.89 -1.44| -255 4.24 11.84 -1.16| -255 4.24 11.84 -1.16
5C | In-Scat. | -142 0.70 450 0.10 | -123 1.14 471 032 |-123 138 471 0.32
NLC |-174 112 420 -0.21|-155 026 1.62 0.00 |-155 0.26 1.62 0.00

- Highlighted assemblies have WABA rods 3
- KENO-CE was used as the reference solution Q‘Qiﬁl]ﬂ?if
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Assembly 4 Results - Axial Profile
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All-Rods-Out (ARO) - Results

I 8.764

= 2.842

* All materials at 565 K
* Only NEM-SP,; was used

« Eigenvalue and difference in fission
rate distribution:

-3.080

[ 4002
-1492

Axial
Trans. AF RMS | AF MAX
Corr. | Ak (pcm) (%) (%) AAO (%)
Out-Scat.| -242 5.45 14.92 -3.69
In-Scat. -200 1.05 4.28 0.37
NLC -210 1.34 5.21 -0.56

« Unlike with assembly cases, in-
scatter approximation outperforms

NLC

|

Out-Scatter

 Shift (Monte Carlo) used as

reference iy

- Mational Laboratory
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All-Rods-Out (ARO) - Results

3.061

— 0992

-1.075
-3.144
5212

In-Scatter NLC
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Multirodded - Results

 Moderator at 600 K, fuel at 900 K

« Eigenvalue and difference in
fission rate distribution:

Axial
Trans. AF RMS | AF MAX
Corr. |Ak(pcm) (%) (%) AAO (%)
Out-Scat.| -155 1.62 5.46 0.83
In-Scat. -133 0.49 2.29 -0.03
NLC -138 0.62 2.74 0.23

* As with the ARO case, in-scatter
approximation performs the best

l— 4766

= 2210

l— 0244
[ -2900
5455

Out-Scatter
&OAK RIDGE
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Hot, Multirodded - Results

2288

- 1.231

0.172
0,885
-1.943

In-Scatter NLC
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Summary/Conclusions

e Severe accuracy issues when using the out-scatter
approximation to formulate diffusion coefficients in cases
with partial length burnable absorbers

« Using in-scatter and NLC approximations significantly
Improves accuracy

— Runtime difference is negligible

« Single assembly cases showed accurate results with NLC,
though in-scatter outperformed on quarter-core cases

 Radial tilts currently observed in MPACT cases using P
scattering, which could be the source of inconsistent trends

;g,OAK RIDGE
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