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Introduction ﬂ(".

Karlsruhe Institute of Technology
= KIT contribution to the UAM neutronics exercises since 2011:

>  Monte Carlo (reference) solutions === SERPENT code

>  Deterministic solutions === SCALE code
- SCALE code (v.6.1,6.2) m/ m
- ENDF/B-VII.0, ENDF/B-VII.1 n
—  Transport (NEWT, XSDRNPM) m
— S/U analysis m
v Stocastic sampling (SAMPLER) "»m

v Perturbation theory (TSUNAMI)
= Solutions provided for:
- Exercise I: PWR, BWR, VVER, KRITZ 2:1, KRITZ 2:13, KRITZ 2:19

- Exercise ll: PWR, BWR, VVER, GEN-III
-~ Exercise I-b: PWR
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Exercises I-2: Lattice Physics AT

Karlsruhe Institute of Technology

Ex. I-1: Cell Physics Ex. I-2: Lattice Pysics
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Type 3: UOX 3.2% **U assembly with 20 UOyGd,0;  Type 4: MOX assembly (without UO,-Gdy0; rods)
(1.9% 27U) rods

p— pitcl\llo\fltlE ;it cell GEN-III
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Exercise I-1: k-inf AZIT
SO\A Y B |

8,0000E-01
Test cases I-1 kefT Karlsruhe Institute of Technology
HZP 1.34050 23e-
BWR 5.23e-01
HZP 1.42290 4.82e-01
PWR =
HFP 1.40424 4.89e-01
HZP 344 5.13e-
6,0000E-01 VVER b e
HFP 1532725 5.20e-01
Cold 1.23394 5.87e-01
KRITZ-2:1 . -
Hot 1.18584 6.31e-01
5,0000E-01 GEN-III HFP 1.09591 5.20e-01
% Ak Tk = BWR(PB-2) mPWR(TM1)®KRITZ-21
4,0000E-01 ( ) ( )
mVVER mGEN-II
3,0000E-01
2,0000E-01
1,0000E-01 l '
0,0000E+00
U-238 U-235 nubar U-235 U-238 (n,n") U-235 U-235 chi Pu-239 Pu-239 Pu-239 chi
(n,gamma) (n,gamma) (n,fission) nubar fission
microscopic cross-sections
4 L. Mercatali, UAM-11 Workshop, AREVA-Erlangen (10-12.05.2017) ?M P Institute for Neutron Physics and Reactor Technology

(INR)



Exercise I-1: k-inf (TSUNAMI vs. SAMPLER)

SCALE v6.2.1

O v6.2.1 provides higher k-inf with respect to v6.1 (~ 100 - 200 pcm)
O Excellent agreement between TSUNAMI and SAMPLER

k-inf k-inf
Test cases (Ex. I-1) Uncertainty Uncertainty
(TSUNAMI) (SAMPLER)

HZP 1.3428 6.8E-01 1.3430 5.4E-01
BWR

HFP 1.2249 5.9E-01 1.2252 5.7E-01

HZP 1.4253 5.4E-01 1.4254 5.0E-01
PWR

HFP 1.4063 5.5E-01 1.4064 5.0E-01

HZP 1.3457 5.8E-01 1.3458 5.3E-1
VVER

HFP 1.3276 5.8E-01 1.3278 5.4E-01
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SCALE vs. SERPENT AT

Karlsruhe Institute of Technology

, SCALE 6.1 SERPENT . 0

| U-235abs.  [EEPRPL 40.41 + 0.0086 1.22

0.88 0.80 + 0.0011 0.97 R
33.43 32.56 + 0.00069 1.22

0.086 0.089 + 0.00097

| U-235abs.  [EEEPPRL 42.18 + 0.00088 1.09

0.96 0.93 £ 0.0011 0.97 WR
34.72 34.10 + 0.00064 1.11

0.099 0.10 + 0.00096

| U-235abs.  [EEECERE 57.26 + 0.00085 1.03

1.042 1.005 + 0.0012 0.99

47.84 47.76 + 0.00063 1.05 VVER
0.093 0.095 + 0.00100

Uncertainties on micro-XSs higher by an order of magnitude with respect to those on K-inf
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Exercises I-2: results

AT

Karlsruhe Institute of Technology

SR HzP 1.11029 5.00E-01

HFP 1.07736 5.56E-01

WR HzP 1.41009 4.64E-01

HFP 1.39351 4.71E-01

GEN-II (1) HFP 1.25325 4.87E-01

GEN-IIl (2) HFP 1.12304 4.94E-01

GEN-IIl (3) HFP 1.04501 5.03E-01

GEN-IIl (4) HFP 1.07008
Keff Sensitivities Keff Uncertainties
XS BWR PWR XS BWR PWR

U-235 nubar 9.19E-1  9.45E-1 U-238 (n,y) 2.56E-1
U-235 fission 4.15E-1 2.73E1 U-235 nubar 2.65E-1 2.68E-1
U-235 total 3.08E-1 1.25E-1 U-238 (n,n’) 2.06E-1 9.72E-2
H-1 elastic 1.66E-1 1.66E-1 U-235 chi 1.47E-1 8.79E-2
H-1 scatter 1.65E-1  1.66E-1 U-235 (n,y) 1.44E1  2.00E-1

@?—l P Institute for Neutron Physics and Reactor Technology
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Ex. I-b: Burnup pin-cell _Aj(IT

Karlsruhe Institute of Technology

» Requested output (at 0 - 60 GWd/MTU + 100 years cooling time)
« k-inf
One-group (n,f) and (n,y) reaction rates for U and Pu
Two energy group constants (fuel region)
Actinide and fission product isotopic concentrations

Fra-aresr wing parbartadon Daes [50S4 M edua|

Unw lnparn

> Modelling

SCALE 6.2.1 p — pitch of the unit cell -§. o
Sampler

e
ILIES o 0ony

56 ENDF-VII.1 XS library. — |
56 ENDF-VII.1 XS COV. data

NEWT transport sequence (T-DEPL)

93 samples (Wilk’s formula) P —
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Ex. I-b: k-inf

k-inf

9
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Ex. |I-b: Two energy group constants ﬂ(“'
correlation matrix

(COV:0 GWA/MTU)  Kinf Ya,l Ya,2 X1 12 vifil vf,2 D1 D2
kinf
Ya,l
Ya,2
Xf1
12
vifi1
vf,2
D1
D2

(COV:60 GWd/MTU) Kkinf Ya,l Ya,2 X1 12 vifi1 vif,2 D1 D2
Kinf
Ya,l
Ya,2
f1
2
vifi1
vEf,2
D1
D2

0.291
-0.185
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Reaction Rate (1/(cm?3.sec))

Ex I-b: one-group fission and AT
absorption reaction rates (1)
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Ex I-b: one-group fission and absorption

reaction rates (2)
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Ex I-b: two-group constants ﬂ(“'
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Ex I-b: nuclide concentrations AT
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Ex I-b: nuclide concentrations (2)
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RSD Range (%) Isotopes Within the RSD Range
0-1 U238 M095 -I—C99 Ru101,106’ Csl33,137’ La139’ Ce140,142, 144’ Nd148
1 ~ 3 U 3:4273:4293:éopll5]225;95,:40,24i.g3Am241’ Ru103’ C5135, Nd143,145,146,150’
Sm , Eu
3_§5 Np237 Pu 242’ C5134; Nd142, Sm148’151, Gd156,158
5-10 Pu 238 Am243, A 109; Eu151,154’ Gd154,160
> 10 U233 cm 244, 246’ EU155, Gd155
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The complete set of the updated KIT results for PHASE | will be
submitted to the benchmark team by end of June 2017

Thanks for the attention!!
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