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SENSITIVITY AND UNCERTAINTY ANALYSIS OF NET/ITER SHIELDING 
BLANKETS 

/ HOGENB1RK, H GRVPPELAAR and K A. VERSCHUUR 

Netherlands Energy Research Foundation EON, P.O. Box 1, 1755 ZG Petten, The Netherlands 

In this p*per the results are presented of sensitivity and uncertainty calculations based upon the 
European Fusion File (EFF-1). The effect of uncertainties in Fe, Cr and Nt cross sections on the 
nuclear heating in the coils of a NET/ITER shielding blanket has been studied. The analysis has 
been performed for the total cross section as well as partial cross sections. The correct expression 
for the sensitivity profile was used, including the gain term. The resulting uncertainty in the nuclear 
heating lies between 10 and 20%. 

1 INTRODUCTION 

The blanket of a fusion reactor has in principle 

several tasks, but in order to simplify the design, 

one of the blanket options for the NET/ITER reac

tor only has a shielding function. The design of this 

shielding blanket plays an important role in the de

velopment of the NET/ITER reactor. Especially the 

design of the inboard blanket is crucial. 

The subject of the accuracy with which design 

parameters are calculated is treated in cross section 

sensitivity and uncertainty analyses (see e.g. ref.1). 

For an extensive introduction on such calculations the 

reader is referred to references3-5. 

The subject of our study consists of a neutron 

source, which emits neutrons that are shielded from 

the region of interest (the detector region) by a suit

able radiation shield. The aim is to calculate the un

certainty of a certain integral parameter R (defined 

as /? = (r«, ^), in which ER is the response function 

that relates the flux ̂  to the response parameter R, 

e.g. a kerma factor) due to uncertainties in the cross 

sections that are used in the transport calculation. 

In this study the 1-D cross section sensitivity and 

uncertainly code SENSIT5 was used, which was sub

si anti ally modified in order to calculate sensitivity 

profiles P*j. for arstfrary cross sections £ according 

to 

. LUAX GMAX 

which is derived in ref.*. Equation (1) is used in all 

our calculations. The first term in t<\. (1) is gener

ally referred to as the toss term, the second term as 

the gain term (the rfirec» term6 is omitted from our 

analysis). Eq. (1) holds for neutrons as well as for 

photons. 

A first-order approximation of the relative vari

ance ( T P ) 2 is given by 

ty-ZZLZn.*.*^ m 
(see ref.3), in which Cov{Ef,Ej ) is the covariance 

matrix element for cross sections Ef and E\ . 

Thus, if sensitivity profiles for the reactions of in

terest can be calculated and the the necessary covari

ance matrix elements are available, the variance of 

the parameter A can be calculated. 

2 CODE SYSTEM 

The code system used is described in ref.'. The 

cross sections were obtained from the 217-group 



MATXS library MAT1757. based upon the Euro

pean Fusion File (EFF-1). The processing cod* 

TRAMIXM (based on TRANSXCTR10) was used 

to fenerate libraries with transport cross sections for 

use in the codes AN1SN11 and SENSIT*. The SEN-

SIT library contains scattering tables for in principle 

arbitrary cross sections, for which reason TRAM1X 

was substantially modified. In the ANISN calcula

tions angular fluxes are produced for the forward and 

the adjoint cases. These fluxes, cross section tables 

and covariance data are read by the code SENS1TS, 

in which the sensitivity and uncertainty analysis is 

carried out. 

3 MODEL DESCRIPTION AND CALCULA

TIONS 

A specific sensitivity and uncertainty analysis has 

been performed on a NET/1TER iron/water shielding 

blanket1213 (with identification number 541 (ref.14]), 

of which a one-dimensional model has been made 

(slab geometry). The aim of this study was to ob

tain the sensitivity of the total nuclear heating in the 

first interval of the coil case to the cross sections of 

Fe, Cr and Ni and the uncertainty in the he:ting due 

to uncertainties in these cross sections. The main rea

son for studying only the effect of these cross sections 

is the large amount of stainless steel present in the 

shield. 

Coupled r>7 transport calculations were performed 

in an SaPa approximation. The region of interest was 

subdivided into 30 zones and 159 intervals; details can 

be found in ref.1. 

For the forwarti calculation a homogeneous source 

was used in group 1 of t'.ie GAM-11 structure. The 

neutron source strength was taken to be 5.278 • 10" 

cm - 7 •"', which corresponds to a neutron wall load

ing of 1.0 MW m"7 on the first wall surface area. 

The source in the adjoint calculation is in this 

case equal to the kerma factor of the coil mix. The 

kerma factors on the MATXS library only contain 

the prompt nuclear heating and have the disadvan

tage thai, because of inconsislenci-s in the evalua

tion, they are negative in some cases [see ret15). We 

therefore used in our calculations the kerma factors 

of MACKL1B-IV" instead. 

For computational convenience in our analysis 

only cross sections in three innermost stainless steel 

tones (containing about 60% of the stainless steel 

present in the shield) were perturbed, assuming that 

the perturbation of the complete shield could be ex

trapolated linearly. For Fe sensitivity profiles Pj. 

were produced' for the total cross section and for 

the cross sections of the following reactions: (n,n), 

{n.n'), (nr2n), (n,7), {n,p) and (n,a). For Cr and 

Ni the analysis was confined to the total, elastic and 

inelastic cross sections. 

For Fe detailed results are presented in figs. 1 and 

2. which will be discussed below. For Cr and Ni only 

the numerical results are given (see table 2). In all 

figures the sensitivity profiles have been normalized 

to the lethargy width Auf of the y'h group 

From fig. 1 it is observed that for the elastic cross 

section the gain and loss part of the sensitivity profile 

PztlM cancel to a large extent. The cancellation is 

a result of the fact that neutrons which scatter elas-

tically loose only little energy, causing their contri

bution to the response parameter to remain approxi

mately unchanged. 

In an inelastic scattering event a neutron looses at 

least an energy Er, equal to the energy of the first ex

cited state of the nucleus from which the scattering 

takes place. Thus the cancellation of gain and loss 

part of the sensitivity profile is less pronounced than 

it is for the elastic cross section (cf. figs, la and b). 

This causes the total sensitivity profile of the elas

tic and inelastic cross section to be comparable (see 

fig. 2), despite the difference in magnitude between 

the cross sections. 

For the remaining cross sections no graphs are 

given; their contribution to the total sensitivity pro

file is relatively small (see ref.1). 

The numerical results of the sensitivity study are 
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Figure 1: Sensitivity profiles P% / A « s for the gain 
•nd loss parts of eq. (1) for the elastic (a) and inelastic 
(b) cross section of Fe. 
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Figure 2: Sensitivity profile P% f±ut for the elastic 
and inelastic cross section of Fe. 

summarized in table 1, in which the integrated sen

sitivities for all reactions are given. In the row indi

cated by "Sum" the sum of the individual contribu

tions is given. This sum is about equal to the sensi

tivity for the total cross section, as it should be. 

The final uncertainty in the response parameter 

due to the uncertainty in a given cross section is deter

mined by folding the sensitivity profiles and relative 

covariances according to eq. (2), neglecting uncertain

ties in the matrix elements £ƒ J* ' • The code SENS1T 

was modified in such a way as to perform this fold

ing correctly for arbitrary cross sections. Cowiance 

data for the total, elastic, inelastic and (n,7) cross 

sections were available to us1 on a covariance library 

in the BOXER17 formal1* and were extracted from 

this library using the processing code ANGELO1*. 

The resulting uncertainties in the nuclear heating 

are given in table 2. Contributions from (n, 2n), (n, p) 

and (n, o ) are not given because of lack of uncertainty 

information. I t is observed, that for Fe and Ni the 

inelastic cross section contributes most strongly to 

the total uncertainty. The contribution of the (n ,7) 

cross section is relatively small. The various contri

butions, if combined by means of the error propaga

tion law, should add up to the column Et4>t*i As no 

cross-covariance data are available on the cov&riance 

library, this can not be checked, but there is reason

able agreement if cross-correlations are assumed to 

be small (compare columns £,„,*/, Zunc<frr) 

It is noted, that the assumption that the total un

certainty is proportional to the amount of stainless 

steel in the shield is only valid if the uncertainty is 

constant over the neutron energy. However, for sev

eral cross sections (e.g. the elastic cross sections of 

Fe and Cr) th: uncertainty strongly increases with 

increasing neutron energy. As the neutron spectrum 

in the remaining zone* is harder than in the studied 

zones, the uncertainty will then be underestimated. 

In order to get an indication of the magnitude of this 

effect for the elastic cross section of Fe a complete 

calculation was performed. This resulted in a total 



Table 1: Integrated sensitivities for several energy regions for the reactions studied (results shown for Fe only) 
Region I corresponds to 13.21 MeV < Bm < 1492 MeV. region II to 10 MeV < £ . < 12.21 MeV and region III 
to Em < 1.0 MeV. For each reaction aho the total integrated sensitivity (integrated over all neutron energies) ts 
given in the last cohimn. In the last row the integrated sensitivity for the total cross section is given (this table 
contains a correction with respect to ret '). 

(* .») 
(n.n') 
(-.«to 
(n,n'o) 
i».2n) 
(»,7) 
(n,n) 
K<0 
( « , « ) 
Sum 
StMml 

regionl 
-0.088 
-0.298 
-0.0M 
-0.001 
-0.141 

-1.14 lO"4 

-0069 
-0.010 
-0.022 
-0.643 
-0.631 

region II 
-0.209 
-0.408 
-0.001 

0 
0 

-0.002 
-0.023 

-1.9 10-4 

-0.005 
-0.649 
-0.628 

region HI 
-0.630 
-0.024 

0 
0 
0 

-0.011 
-3.32-HT* 

0 
0 

-0665 
-0665 

total 
-0927 
-0730 
-0015 
-0001 
-0.141 
-0.013 
-0.092 
-0.010 
-0027 
-1.957 
-1924 

uncertainty of 3.54%. which is about 25% higher than 

the extrapolated value of 2.81%. 

Assuming no correlations between the different 

cross sections, for the nuclear heating in the first in

terval in the coil a total uncertainty results of 8.6% 

(see table 1). To be conservative and to take into ac

count uncertainties in (n,p), (n,a) and (n,2n) reac

tion cross sections, we increase this number to 10%. 

In order to get an accurate estimate of the uncer

tainty a complete calculation (in which all zones are 

perturbed) should be performed. An indication of 

the error involved in extrapolating from a part of the 

shield to the total shield is given above; it results in 

9 correction factor of 1.25. A realistic estimate of the 

total uncertainty is therefore 12.5%. This figure does 

not include uncertainties in the matrix elements of 

the scattering cross sections. It is of interest to note 

that there is no large difference between the values in 

columns Stptmt and EUf,e»rr, indicating that there are 

no large correlations between the various cross section 

types (assuming that the uncertainty information on 

the covariance file is correct!). 

4 CONCLUSIONS 

In this paper the result* are summarized of a 

sensitivity and uncertainty analysis of a realistic 

NET/1TER shielding blanket. The analysis was con

fined to only one response parameter (the total nu

clear heating in the first interval of the coil case) and 

to cross sections of Fe, Cr and Ni only, as most of the 

shield consists of stainless steel. 

Due to uncertainties in the reactions mentioned 

above (neglecting the direct term) a total uncertainty 

of 12.5% in the nuclear heating in the first interval of 

the coil case results. This figure must be considered 

to be a lower limit, assuming no uncertainty in the 

matrix elements. 

It must be stressed that because of the large im

portance of the gain term uncertainties in the energy 

distribution and angular distribution oi the secondary-

neutrons may contribute substantially to the? lota] un

certainty. These uncertainties and the uncertainty in 

the direct term, however, have not been taken into 

account in the present study. Work on this subject 

based upon the EFF-2 data file is currently being 

performed at ECN; the results will be published in 

a follow-up study. A very rough estimate of the ef

fect cf elastic scattering is obtained by assuming all 

Pn (n > 0) terms in eq. (1) to be e^ual to zero. This 

leads to a 6.1% increase in the total uncertainty of the 

heating. From this observation we would gues.» that 



Table 2: Calculated relative uncertainties (^p) of the total nuclear heating due to the total, elastic, inelastic and 
fn,?) cross section, of Fe, Cr and Ni in three «ones of the shield {left part of the table) (n ».= not analysed). In 
the right part of the table the extrapolated values of (^p)r««j for the complete shield are given. In the column 
indicated by Emcrr the summed uncertainty of the reactions (».»), (».»') and (n,7) is given, assuming no 
correlations. The last row contains the uncertainties due to Fe. Cr and Ni, assuming no correlations between the 
material crass sections. 

Fe 

Cr 

Ni 

Mix 

Partial shield (3 zones 

CF)"" 

3.79% 
3341% 
2.75% 
8163% 
1.05% 

3166% 
4.8% 

1.72% 
32.57% 
2.11% 

8139% 
103% 

28.48% 
2.9% 

) 

3.94% 
7.31% 
138% 
248% 
1.27% 
2.07% 
44% 

i»-7) 
0.13% 
0.58% 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

r,„„, 
6.20% 

4.50% 

178% 

7.9% 

Complete shield (extrapolated) 
(n.n) (n.n') (n,7) Znn<mrr 

281% 

345% 

174% 

4.8% 

6.44% 

2.26% 

215% 

7.2% 

0.21% 

n.a. 

n.a. 

n.a. 

7.03% 

4.12% 

2.77% 

8.6% 

the uncertainty in the heating due to cross section 

uncertainties is less than 20%. 

Thanks are due to Dr. E. Sartor i of the NEA Data 

Bank for supplying the JEF-/EFF-1 covariance data 

at an early stage and to Dr. P. Vontobel for sending 

the TRAMIX code and MATXS data library. 
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