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SUMMON

SUMMON: Sensitivity and Uncertainty Methodology for MONte carlo codes.

« Flexible tool that can be combined with several Monte Carlo codes and
nuclear data libraries

« Deterministic methodology. First-order (linear) propagation of the
uncertainty - “sandwich rule”
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SUMMON

Statistical uncertanties: sensitivity profiles calculated with MC codes are
influenced by statistical errors.

Therefore, the variance due to nuclear data calculated with the sandwich rule is
also affected by the statistical uncertainty.
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MYRRHA

MYRRHA. (Multi-purpose HYbrid Research Reactor for High-tech Applications) is an
up to 70 MWth, LBE-cooled fast reactor with both critical and subcritical modes of
operation (in the second case, coupled to an accelerator-driven spallation source).

In this work, version 1.8 of the critical core at BoL design has been considered:
«  MOX fuel (30wt%) Homogenized at assembly level
69 fuel assemblies of 65cm of active length e
- Highly enriched -

ko result MYRRHA v1.8 with MCNP6.2 :
kerr = 1.01542(3)

Target accuracy for MYRRHA k. : | .
TA (kess) = 300 pem A >

" ////ﬁaiRRHA
- model v1.8
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Methodology — Step by step
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Methodology — Step by step
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Aunkber of sensitivity profiles
k-eff from the forward case
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Sensitivity Data File (SDF)
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* W. A. Wieselquist, R. A. Lefebvre, Eds., SCALE 6.3.1 User Manual, ORNL/TM-SCALE-6.3.1, UT-
Battelle, LLC, Oak Ridge National Laboratory, Oak Ridge, TN (2023).
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Methodology — Step by step
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Methodology — Step by step

Quantity unc (%) + std MC (%)

240py (n,f) 2*°Pu (nf)  5.54E-01 + 6.61E-04

240py (n,f) 2*°Pu (n,y) -4.32E-01 4+ 1.72E-04

3.15E-01 £+ 2.03E-04
2.77E-01 £+ 3.20E-04
2.37E-01 + 2.88E-03
7.62E-01 #+ 1.26E-03

239py; vy, 23%Py vy
239Py (n,f) 2*°Pu (n,f)
239PuX 239PuX
Total kerr UNC (%)
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Results — MYRRHA — ke# uncertainties

Table 1 JEFF-3.3 Table 2 JENDL-4.0u
Unc. £ Stat. Error (%) Unc. + Stat. Error (%)
240py (n,f) 2%°Pu (n,f) 5.544E-01 + 7E-04 23%Pu (n,f) >*°Pu (nf)  2.552E-01 + 2E-04
240py (n,f) **°Pu (ny) -4.316E-01+ 2E-04 #38J (n,n") *38U (n,n") 1.84E-01 + 3E-03
239py vp 2%°Pu vp  3.153E-01 + 2E-04 #°Puy **°Puy 1.81E-01 + 2E-03
239py (n,f) 23°Pu (n,f) 2.770E-01 + 3E-04 >3%Pu (n,y) **°Pu(ny) 1.8041E-01 + 9E-05
239py y 239py y 2.37E-01 + 3E-03 2°°U (ny) ***U(ny)  1.767E-01 + 1E-04
240py (n,y) 2*°Pu (nyy) 2.0150E-01+ 8E-05 239Pu v #3°Pu vp 1.613E-01 + 1E-04
TOTAL keff UNC (%) 7.62E-01 + 1E-03 TOTAL keff UNC (%)  6.10E-01 + 2E-03
Table 3 ENDF/B-VIILO Uncertainty due to ND
239py (n,f) 2*°Pu (n,f) 5.617E-01 + 5E-04
’ ; = EFF-3.3 + 3624+ 0.3 | 4069 + 0.9
209Bj (n,n) ?°°Bi (n,n) 2.66E-01 + 7E-03 ] 774+ 1 — -
239Pu (n,y) **°Pu (n,y) 2.207E-01 + 2E-04 ENDL
23%puy 2°Puv  1.855E-01 + 1E-04 ]4.0u 619 +2 | 3175+ 02 | 1203 £0.2
239Pu vp 2*°Pu vp 1.851E-01 + 1E-04

U (ny) *°U (ny) 14056E-01+ 6605 ENDE/B-1ig14 4 ol 6064 07 | 1273413
TOTAL keff UNC (%) 7.99E-01 + 2E-03 VIILO
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Results — MYRRHA — ke« uncertainties

232Py (n,f) 22°Pu (n,f) —

240Py (n,f) 2%°Pu (n,f) —
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Results — MYRRHA — kesuncertainties - nubar

Since v and v,, are two parameters that are strongly correlated, there is the question of whether they should
be considered both in uncertainty evaluations or only one should be considered, in order to prevent double-
counting.

23°Py (n,f) 23°Pu (n,f)
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239PU Yot 22°PU Xtor
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Results — MYRRHA — ke uncertainties ( MF=31)

Three different situations can be differentiated, according to the covariance
information present in the libraries:

Only covariance information for one parameter is given (either v or v,,).

Reaction JENDL-4.0u ENDF/B-VIIL.O  JEFF-3.3
Vtotal Vprompt 0.161 - -
239 Pu \Y Vtotal Vtotal 0.114 0.185 =
Vprompt Vprompt 0.114 0.185 0.315
0.280 0.262 0.315

If it is v, and considering a single energy group for simplicity, the uncertainty due

to it would be:
vy Ok Var(vp) Vp ok \/VC”‘(VP) ok

_ T _ |» —
A= S5y J kov, v, v, kov, kK ow,
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Results — MYRRHA — ke uncertainties ( MF=31)

Three different situations can be differentiated, according to the covariance
information present in the libraries:

In the second case, considering both v and v,, in the uncertainty evaluation but not the
covariance between them, could result in a overestimation in the total uncertainty by a

factor of /2, unless this factor is already taken into account in the covariance

evaluation. ,
Reaction JENDL-4.0u ENDF/B-VII.O  JEFF-3.3
Vitotal Vprompt 0.161 - -
239 Pu V Viotal Vtotal 0.114 0.185 -
Vprompt Vprompt 0.114 0.185 0.315
0.280 0.262 0.315
0y = /SE Vs, =
Var(v) v ok
vok vy ok\ [ vv 7 kov | |vokVar@)vok _ o
kov'k dv,) Var(wp) || v 0k |= [“Kov v-v kov V%t
\ VptVp k dv,
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Results — MYRRHA — ke uncertainties ( MF=31)

Three different situations can be differentiated, according to the covariance
information present in the libraries:

Covariance matrices for all v, v, and cross-correlation between v and v, are included in the
library. An overestimation in the total uncertainty by a factor of 2, unless this factor is
already taken into account in the covariance evaluation.

JENDL-4.0u ENDF/B-VII.O  JEFF-3.3

Reaction
Vtotal Vprompt 0.161 - -
239 P uv Vtotal Vtotal 0.114 0.185 -
Vprompt Vprompt 0.114 0.185 0.315
0.280 0.262 0.315

Var(v)  Cov(v, vp) v ok

yVar(k) _ STVs, = (Z% v_,,%) Vv Vv, Eg{
,/ v

P
k

O- = )
3 k kov' k dv,) | Cov(v,v,) Var(v,)
\ vV Vp Vo Vp

avp

Assuming: v = vy, dk/dv = dk/dv, and Var(v) = Var(v,) = Cov(v,v,)

\/ vokVar(v)vok \/v@k Var(v) v ok
0-3 = 4‘ - 2 . - 20_1

kov v-v kov kov v-v kov
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Results — MYRRHA — ke+ uncertainties

9Py v = » The uncertainties associated with viotal
Reaction A6V OJENDL-4.0u  ENDF/B-VIILO  JEFF-3.3 and veromet Should not be dismissed a
Vtotal Vprompt 0.161 - -

Viotal Viotal o 0185 priori as redundant, in the cases where
otal Vtota ) _ - )
Vprompt Vprompt Ty 0185 3% the correlation data between them

< 0,280 0.262 0315 5 exists. The contribution to the

28P v 0z Y e uncertainty could be distributed
Reaction ODﬂHENDL—4.Ou ENDF/B-VIIL.O O 33 among the four terms of the
Vtotal Vprompt 0.071 - 0.071 covariance matrix.
Vtotal Vtotal 0.050 0.017 0.050
Vprompt Vprompt 0.050 0.017 __ 0.050 « Each case must be studied separately.
0123 0.0 = 0.123 In some cases results are more similar
~U v (o2 oo between libraries when all the terms
Reaction 0.06A|JENDL-4.0u°'\ ENDF/B-VIILO  JEFF-33 are considered and in other cases they
Vtotal Vprompt 0.064 0.127 - are not.
Vtotal Vtotal 0.045 0.090 -
Vprompt Vprompt 0.045 0.090 0.070
0.110 0.221 0.070
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Conclusions

« SUMMON is S/U analysis code with a deterministic methodology that can
be combined with several Monte Carlo codes and nuclear data libraries.

- For the keff in MYRRHA several discrepancies are found between covariance
matrices, especially in the following cases:

239py(n,f)

240py (n,f)

240Py (n,f) 24°Pu(n,y)
2%Pu v and v,
209Bj(n,n)

« The nubar covariance matrices seems to take into account in the
evaluations the existence of total values and should not be discarded a
priori.
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