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Previous method: Total Monte Carlo (TMC) \

Control of nuclear data (TALYS system)
+ processing (NJOY)
+ system simulation (MCNP/ERANOS/CASMO..))

For each random ENDF file, the benchmark calculation is peréa with MCNP. At
the end of than calculationsn different k. values are obtained.
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Advantages & drawbacksof the TMC method \
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= computer time (not human time),

ww Successfully applied (criticality, shielding, reactauris-up...)

= Most simple path (no additional processing, no covariargeired),

= Many spin-offs (TENDL covariances, sensitivity, adjustie)

= also applicable to fission yields, thermal scattering, gediission products, all
Isotopes (.just everything,
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| we can do a calculation once, we can also do
It a 1000 times, each time with a varying data library.

Well, then uncertainty propagation with TMC take300x longer than a single
calculation... Each Ogtatisiicsneeds to be small)
\ There is at least one solution with Monte Carlo codes: theTREC method
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New method: fast TMC
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Description of the SERPENT model (assembly) \

N3G

The fuel test is a typical fuel rod from TMI-1 PWR, 15x15 as®@ndesign, see
complete description in K. Ivanov (March 2013).
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Table 47: TMI-1 FA Pin Descriptions

1 Marker Rod Type

g - Tt )l e e el Tl S . S g 2.0 w/o Gd 4.12% 235U pin
3 -1-[-1-1-1S[-1-[-16[-|-1-1-1- G Guide Tube

4 -G - - else] - H Instrumentation Tube
5 NN - 4.12% 235U fuel pin
6 G|-|-|G|-|-|-|6|-]-]6G6]|-]-

i B I I

5 g B

9 N I

10 G G G G

11 - -

12 G - G

13 - - G G

14 g - g

15 -

Figure 19: TMI-1 FA Pin Layout




Considered data in fast TMC \

Several hundreds of random ENDF files for transport + depieti \

e 3 Major actinides?3°U, 238U, %39y,
e 1 Thermal scattering data: H in,8,

e 12 Fission yields234235236238) 239240241p 237\ 2412437 243244C

e 13 Minor actinides234236237) 237\ 238240241242p, 24124232430 242245C

e 138 fission products’?—’47%Ge, "°As, 76-80825¢ 7981y 80-8486K 8587Rp
86-8892g, 89y 93957, 9495\ 95-97)\1g 99Tc 99-104106R, 103105106RN
104-108110p(y 1097 111-114116C 113115 115117-119126g, 121123125g},
122-1281307¢ 127129135 128130-132134-136y ¢ 133-137Cg 134-138g4 140 5
1401420 141144p, 142-146148150N 4 147-149py 1471491521545 v 151-156F,,
152154-158160(3| 159160}, 160-164yy, 1651 166167y

Calculated quantities:.k rr, macroscopic cross sections (2 groups), ADF, Number
densities, relative power pin distribution




Results on k. ﬁ G
Burn-up (GWd/MTU) \
0 0.2 10 20 30 40
Koo 1.39 1.35 1.26 1.17 1.09 1.02
Order
1. 238U
2.
3. Hin H,O | H N HO | H N HO | H in H>O
Uncertainties (in %) coming from
v 0.56 0.53 0.44 0.40 0.37 0.34
238 0.41 0.42 0.42 0.42 0.35 0.31
239y - - 0.15 0.25 0.32 0.38
Hin H>O 0.14 0.12 0.24 0.30 0.30 0.28
Minor Act. - - 0.03 0.03 0.06 0.07
Fiss. Yiel. - 0.11 0.17 0.22 0.26 0.31
Lumped F.P. - 0.05 0.07 0.10 0.14 0.14
Total 0.71 0.70 0.70 0.74 0.74 0.75




Results on reaction rates \

N3G

Burn-up (GWd/MTU) (main contributor)
0 0.2 10 20 30 40

Minor Act.

Total uncertainties (due to transport data and fission gjefd%) for

235U, 2.06 2.04 2.03 2.14 2.30 2.56
238U, 1.82 1.81 1.72 1.70 1.49 1.31
239y, 2.68 2.64 2.13 1.96 1.95 2.04
240y, 4.89 5.11 4.93 4.55 4.54 4.66
24Py 1.80 2.07 1.70 1.67 1.85 2.13
23U, ¢ 0.57 0.59 0.79 1.17 1.58 2.10
238U ¢ 7.38 7.41 5.78 4.94 4.41 4.10
239P, ¢ 2.24 2.21 2.22 2.12 2.17 2.36
240py, ¢ 3.08 3.11 2.53 2.20 2.02 1.81
24Py, ¢ 1.60 1.59 1.32 1.33 1.56 1.93




Results on macroscopic cross sections \

N3G

Burn-up (GWd/MTU) (main contributor)

0 0.2 10 20 30 40
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Results on number densities for actinides \

N3G

Burn-up (GWd/MTU) (main contributor)
0 0.2 10 20 30 40

UA 11/16




Results on number densities for fission products

Burn-up (GWd/MTU) (main contributor)

\
N3G

0 0.2 10 20 30 40
2USy - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
Mo - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
9Tc - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
101Ry - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
103RK - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
109a¢ - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
129) - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
133% e - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
135% e - | Minor Act. | Minor Act. | Minor Act. | Minor Act. | Minor Act.
135Cs - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
134Cs - | Minor Act. | Minor Act. | Minor Act. | Minor Act. | Minor Act.
137Cs - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
144Ce - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
142Nd - | Minor Act. | Minor Act. | Minor Act. | Minor Act. | Minor Act.
143-148\d | - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
147-1529m | - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
153-155g, | - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields
155-158G9 | - | Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields| Fiss. Yields

UAN=F
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Example for K
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Comparison of Ak
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k. uncertainty for different assemblies
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Local power density \

The pin power distribution and burnup of each fuel pin (in GtYVds well as the \
associated uncertainties is requested with one uniqueiadatefinition for all pins.

Is that the best ?
We varied all nuclear data separately- no visible effect

Better to vary all of them together (to be done).
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~ .
TMC: If we can do a calculation once, we can also do

( fast TMC:
If we can do a cal culation once, we can also get
nuclear data uncertainties in the same time
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