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A COMPREHENSIVE NEUTRON CROSS-SECTION AND SECONDARY
ENERGY DISTRIBUTION UNCERTAINTY ANALYSIS FOR
A FUSION REACTOR

by

S. A. W. Gerstl
R. J. LaBauve
P. G. Young

ABSTRACT

On the example of General Atomic's well-documented Power
Generating Fusion Reactor (PGFR) design, this report exercises
a comprehensive neutron cross-section and secondary energy
distribution (SED) uncertainty analysis. The LASL sensitivity
and uncertainty analysis code SENSIT is used to calculate re-
action cross-section sensitivity profiles and ‘integral SED
sensitivity coefficients. These are then folded with covari-
ance matrices and integral SED uncertainties to obtain the
resulting uncertainties of three calculated neutronics design
parameters: two critical radiation damage rates and a nuclear
heating rate. The report documents the first sensitivity-based
data uncertainty analysis,which incorporates a quantitative treat-
ment of the effects of SED uncertainties. The results demonstrate
quantitatively that the ENDF/B-V cross-section data files for C,
H,and O, including their SED data, are fully adequate for this
design application, while the data for Fe and Ni are at best mar-
ginally adequate because they give rise to response uncertainties
up to 25%. Much higher response uncertainties are caused by
cross-section and SED data uncertainties in Cu (26 to 45%),
tungsten (24 to 54%), and Cr (up to 98%). Specific recommen-
dations are given for re-evaluations of certain reaction cross-
sections, secondary energy distributions, and uncertainty estimates.



I. INTRODUCTION

One of the first steps in any new fusion reactor design is a neutronic
analysis to determine adequate tritium breeding, nuclear heating in blankets and
coils, acceptable radiation damage rates, etc. In an early phase it is usually
sufficient to perform radiation transport calculations with a one-dimensional
conceptual design model and allow for multi-dimensional streaming effects by
estimated ''streaming factors' which assure the 1-D model to be conservative.
However, uncertainties in calculated neutronics design parameters due to cross-
section uncertainties will be present in both 1-D as well as multi-dimensional
analyses. These latter uncertainties can be conveniently estimated by performing
a cross-section sensitivity and uncertainty analysis(l) based on the one-dimen-
sional model.

Such quantitative data assessments have been performed in the past for var-
ious different fusion reactor designs, cf. e.g. Refs. (1) through (3). However,
none of these analyses considers the effects of all nuclear data uncertainties
simultaneously. Specifically, the effects of uncertainties in secondary energy
and angular distributions have not been incorporated in the past, primarily due
to the lack of a consistent methodology and the lack of uncertainty data for
secondary distributions. Only recently such methodology has been developed(a)
and relevant uncertainty data are being made available.

This uncertainty analysis includes the effects of uncertainties in all
neutron reaction cross-sections relevant to the model, including correlations,
and the effects of estimated uncertainties in the neutron secondary energy
distributions (SED's). Effects of uncertainties in secondary angular distribu-
tions are not incorporated for the lack of uncertainty data. Also, any uncer-
tainties in gamma ray cross sections are neglected for two reasons: (1) generally,
gamma ray interaction cross-sections are known to a much higher degree of accuracy
(at least an order of magnitude) than neutron interaction cross-sections, and (2)
only one of the three critical nuclear design parameters in our design depends at

all on the gamma ray distribution.
IT. THEORY

The theoretical expressions underlying any sensitivity-based cross-section

uncertainty analysis have been developed previously, cf. e.g. Refs. (1) and (2),
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and are given here only for completeness. The variance of any calculated inte-
gral design parameter Rk due to correlated uncertainties in given multigroup

cross-section sets {Z%} and {Z?} can be calculated from
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ARy g p8' g 58'

/) = E Pi,k Pj,k Cov (Zi,Zj ) , (1)

k /i,j ~
8,8’
where
Z% = neutron interaction cross-section for reaction i in energy
group g,

1
Cov(Z%,Z? ) relative covariance matrix element for the multigroup cross-

sections 3% and Zgl,
1 J
P% K = cross-section sensitivity profile for Z% with respect to
’ the integral response Rk'
All cross-section uncertainty information about reaction cross-sections is con-
tained in the relative covariance matrix which is independent of the specific
reactor design. All sensitivity information about reaction cross-sections enters
Eq. (1) through the product of the sensitivity profiles which, of course, are
highly problem-dependent and specific for a particular reactor design and for
the particular design parameter consideredl.
If the total response uncertainty due to many cross-section uncertainties
is desired, then the relative standard deviation of the response Rk due to all
reaction cross-section uncertainties considered for a particular material is

given by

21
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assuming that the variances due to individual (partial) cross-section uncertain-~
ties are uncorrelated. i

The theory for the consistent incorporation of the effects of uncertainties
in secondary energy distributions (SED's) has only recently been developed(s).
The concept of hot/cold integral SED-sensitivities,-which requires the specifica-
tion of integral SED-uncertainty parameters, is adopted and applied here. As
derived in Ref. 5, the relative standard deviation of an integral response
Rk due to SED-uncertainties for a specific reaction, £, that generates secon-

daries, is given by

AR

i D T A (3)

Rk g' 2,8 2,8

2
where
f2 g = integral SED-uncertainty for neutron interaction £ at the in-
b

cident energy group g'; f is also called the spectral shape
uncertainty parameter,

SSED

£,g' = 1integral SED-sensitivity for the neutron interaction £

at the incident energy group g'.
As noted in Ref. 5 the integral SED-sensitivity may be positive or negative, in-
dicating whether the response Rk is more sensitive to the hot portion of the
SED or its cold part:
SED SED SED
- (4)

577 = Syor ~ Scorp

where the hot and cold portions of the integral SED-sensitivity are defined with
respect to the median energy of the secondary distribution, cf. Ref. 5.

Equation (3) is valid for the sum of all SED-uncertainties pertaining to a
single type of neutron interaction, identified by the subscript £. If the effects
of SED-uncertainties from all possible neutron interactions with one material are

to be considered, then we may assume that their effects on the responses Rk are




uncorrelated. With this assumption, the relative standard deviation of the res-
ponse Rk due to all SED-uncertainties considered for a particular material is

given by

AR AR, \2 s
(R_k) > (R_k> | -
k MAT-SED P} k

2

Under the same assumption of independent, and therefore uncorrelated, effects
on Rk due to both all SED uncertainties and all reaction cross-section uncertain-

ties per material, the total relative standard deviation of Rk per material is

AR AR\ 2 AR\ 2
—5 = _5 + _k (6)
Rk MAT Rk MAT-XS Rk MAT-SED

which results from the quadratic sum of Eqs. (2) and (5). However, before any of

the relative standard deviations defined in Eqs. (2), (3), (5), and (6) may be

given by

evaluated quantitatively, the data uncertainties in the form of covariance
matrices and integral SED uncertainties, as well as the sensitivity profiles and
integral SED-sensitivities must be quantified. In section III we describe how
the required data uncertainties were obtained. In order to obtain the required
sensitivity information a complete neutronics design analysis of the reactor sys-

tem must be performed which is described in section IV,
III. CROSS-SECTION AND SECONDARY ENERGY DISTRIBUTION (SED) UNCERTAINTY DATA

One of the more important aspects of nuclear data is that the uncertainties.
tend to be highly correlated through the measurement processes and the correc-
tions made to the observable quantities to obtain the microscopic cross sections.
In many applications, the correlations of the uncertainties in the nuclear data

play a crucial role in uncertainties in calculated results.



A. Cross-Section Covariance Data

Several versions of the reference cross-section data library known as ENDF/
B (Evaluated Neutron Data Files-B) have been issued over the past 13 years, but
only the latest version, ENDF/B-V, contains formats14 and sufficient covariance
data for an application such as is described in this report. Covariance data
are given for 25 important nuclides in ENDF/B-V, which includes data for all
nuclides needed in this analysis except Cu and W. For these elements we used
the covariance files from Fe and Pb, respectively, assuming that the cross sec-
tions of Cu are as well known as those for Fe and the cross sections of W are
as well known as those of Pb. Note that both these assumptions are probably op-
timistic. It is planned, however, that covariance data for Cu and W will be in-
cluded in ENDF in the future, and the present calculations will be repeated when
such data become available.

The covariance data in ENDF/B-V were processed with the NJOY code15 to
transform the data into the 30-group multigroup format needed in this study.
Data from the various runs with the NJOY code were collected to form a 30-group
covariance data library. The contents of this library, which is in an ENDF-like

format, are shown in Table I.

B. Secondary-Energy-Distribution Covariances

It should be noted that ENDF/B-V does not contain data uncertainties and
their correlations for secondary energy distribution (SED) data, and at the time
of this writing, formats have yet to be specified. Hence, for the purpose of
estimating the magnitude of these effects, we have generated SED covariance ma-
trices using the very simple "hot-cold" concept outlined in Ref. 5.

The angle-averaged median energies of the composite elastic plus nonelastic
neutron emission spectra were calculated for each material as functions of inci-
dent neutron energy. Relative errors were then estimated for the portions of the
emission spectra lying above and below the median energies. If o designates the
integrated neutron emission cross section for a given incident energy and Oy =

6/2 is the integrated spectrum for E' > E! then the relative uncertainties

o ?
of the hot (denoted by subscript "H'") and tsgéa?subscript C") regions can be
specified by the quantity f = AGH/B = - Acc/a. For the purposes of this study,
we have assumed no correlation in the SED uncertainties with incident neutron
energy.

Table II lists the median energies and the relative errors assumed in the




TABLE I

ENDF/B-V COVARIANCE DATA (MF=33) PROCESSED WITH NJOY CODE

MAT Nuclide Ref. MT-Nos, Processed

1301 H-1 16 1,2

1305 B-10 17 1,2,107,780,781

1306 C 18 1,2,4,51-68,91,102,
104,107

1324 Cr 19 1,2,3,4,16,17,22,28,
102,103,104,105,106

1326 Fe 20 1,2,3,4,16,22,28,102,
103,104,105,106,107

1328 Ni 21 1,2,4,16,22,28,51-76,
91,102,103,104,107,
111

1326 Cu(Fe) 20 »2,3,4,16,17,22,28,
102,103,104,106,107

1382 W(Pb) 22 1,2,3,4,16,17,51,52,
64,102

Reaction Cross Sections

Total, elastic

Total, elastic, (mn,0), (n,a.),
0
and (n,al)

Total, elastic, toal inelastic,
inelastic levels 1-18, inelastic
continuum, (n,y), (n,d), (n,a)

Total, elastic, nonelastic, total
inelastic, (n,2n), (n,3n), (n,n’a),
(n,n'p), (n,v), (n,p), (n,t), (n,d),

(n,3He), (n,a)

Total, elastic, nonelastic, total
inelastic, (n,2n), (n,n'a), (n,n'p),

(M), (m,p), (0,d), (n,t), (n, He),
(nsa)

Total, elastic, total inelastic,
(n,2n), (n,n'a), (n,n’'p), inelastic
levels 1-26, inelastic continuum,
(I’l,'\{), (nsp)s (I’l,d), (nsa)’ (nsZP)

Total, elastic, nonelastic, total
inelastic, (n,2n), (n,3n), (n,n'a),

(m,n'p), (M,Y), (n,p), (n,d), (n, He),
(n, o)

Total, elastic, nonelastic, total
inelastic, (n,2n), (n,3n), inelastic
levels 1, 2, and 14, (n,Y)




12

TABLE II
MEDIAN ENERGIES (E,, IN MEV) AND FRACTIONAL UNCERTAINTIES (F¥) FOR SECONDARY
ENERGY DISTRIBUTIONS AT INCIDENT NEUTRON ENERGIES E0

Cr Fe Ni Cu
E, B By Ey K F Iy F o Ip F 5§
16.0 14.71 0.071 14.62 0.088 3.27 0.17 4.49 0.11 14.95 0.13 3.42 0.11 1.86 0.12
14.25 13.00 0.059 13.33 0.072 8.65 0.15 5.99 0.10 13.97 0.11 3.51 0.10 2.17 0.10
12.75 11.71 0.054 11.93 0.062 11.42 0.13 11.17 0.10 12.@7 0.11 4.30 1.10 1.91 0.10
11.00 9.77 0.060 9.82 0.057 10.48 0.11 10.57 0.09 10.91 1.10 10.42 0.09 1.57 0.09
8.90 7.35 0.048 7.90 0.050 8.79 0.09 8.77 0.08 8.85 0.09 8.81 0.08 1.24 0.08
6.93 5.96 0.035 6.04 0.030 6.83 0.08 6.86 0.07 6.88 0.08 6.86 0.07 6.66 0.07
4.88 4.46 0.010 4.57 0.010 4.81 0.07 4.81 0.07 4.83 0.07 4.82 0.07 4.83 0.07
3.27 2.63 0.010 3.09 0.010 3.21 0.06 3.21 0.06 3.24 0.06 3.22 0.06 3.25 0.06
2.55 2.16 0.010 2.31 0.010 2.48 0.05 2.49 0.06 2.49 0.05 2.50 0.06 2.51 0.06
1.99 1.73 0.005 1.79 0.010 1.93 0.04 1.93 0.06 1.94 0.04 1.94 0.06 1.96 0.05
1.55 1.34 0.005 1.35 0.010 1.50 0.03 1.51 0.05 1.50 0.03 1.51 0.05 1.51 0.05
1.09 0.95 0.005 0.94 0.010 1.05 0.02 1.06 0.03 1.06 0.02 1.06 0.03 1.06 0.05
0.66 0.57 0.005 0.60 0.010 0.64 0.02 0.63 0.02 0.64 0.02 0.66 0.04
0.40 0.35 0.005 0.34 0.010 0.39 0.02 0.39 0.02 0.38 0.03
0.24 0.21 0.005 0.22 0.010 0.24 0.02 0.22 0.02
0.13 0.12 0.005 0.12 0.010 0.12 0.02 0.12 0.01




total neutron emission spectra for each of the elements present. The relative
errors were determined by adding in quadrature separate error components due
to elastic and nonelastic neutron reactions.

The elastic scattering components are based upon the evaluated errors given
in the ENDF/B-V files for 12C, 16O, and Fe, and upon our estimates of these
errors for the other materials. Typically, the elastic uncertainty is approxi-
mately 8% near 14 MeV and gradually reduces to a few percent near the inelastic
threshold. These errors are significantly smaller in the case of 12C, which is
used as a standard in neutron scattering experiments.

The nonelastic neutron spectrum errors were determined by combining quadra-
tically a 15% component assumed to exist for all materials at all energies and
a second component based on comparisons with the 14-MeV spectrum measurements of

3 and Clayeux and Voignier.24 This latter component was included

Hermsdorf et 312
to roughly account for variations in the accuracy of the individual evaluations.
Only in the cases of Cr and Ni did the addition of the second component signifi-
cantly change the total SED uncertainty. It should be mentioned that significant
differences also exist between the measured and calculated spectra for W, as has

been shown by Hetrick et al.25

In averaging over the "hot" (or '"cold") portions
of the 14-MeV spectrum for W, however, a significant fraction of this spectrum
difference disappears. This cancellation indicates one of the problems inherent

in using such a coarse representation of SED errors.
IV. NUCLEONICS ANALYSIS FOR GA'S TNS REACTOR CONCEPT (PGFR)

General Atomic's TNS ("The Next Step'") reactor design, also labelled Power
Generating Fusion Beactor(6), has been selected as a representative model for all
TNS reactor concepts; Fig. 1 shows a cut-away view of the PGFR. A nuclear analy-
sis for this reactor has been performed by General Atomic (GA) and is documented
in Ref. 7, which has been issued as Vol. IV of Ref. 6. In this analysis GA iden-
tifies as the three most critical nuclear design parameters (1) the radiation
damage to the superconducting TF-coil's stabilizing matrix, (2) the radiation
damage to the alumina insulator in the F-coil, and (3) the nuclear heating in the
superconducting TF-coil. Two one-dimensional models have been employed in the GA
nucleonic analysis, an inboard and an outboard model. However, the inboard cal-

culations were sufficient to identify the above three most critical parameters.

Therefore, we selected for our data assessment task the PGFR inboard nucleonics

9



Fig. 1.
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General Atomic's Power Generating Fusion Reactor (PGFR)
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Fig. 2.

PGFR inboard nucleonics model.
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model which is reproduced from Ref. 7 and shown in Fig. 2. The symbol Q repre-

sents the 14-MeV neutron source at the plasma location while the R indicate

1,2,3
the locations where the 3 critical responses are calculated for which the follow-

ing response functions were chosen:

R, = Cu dpa in the toroidal field coil (TF-coil)
radiation damage to the superconducting TF-coil's stabilizing
Cu matrix,
R2 = Aluminum dpa in the field-shaping coil (F-coil)
Z radiation damage to the A1203 insulator in the F-coil,
R, = Kerma in the TF-coil

2 nuclear heating in the superconducting TF-coil.

All data for the response functions as well as the multigroup cross-section sets
used in the analysis, were derived from ENDF/B-V (8,9)
NJOY code system(lo)

tron and 12 gamma-ray groups

and processed with the

into coupled neutron/gamma-ray multigroup sets with 30 neu-

(1),

been applied successfully at LASL to several other fusion nucleonics analyses

The resulting multigroup data library has

and is therefore considered a well tested and reliable cross-section data
base.

The nuclear analysis of the PGFR was performed with the LASL discrete-ordi-
nates code ONETRAN(lz) in S8 approximation and with P2 coupled neutron and gam-
ma-ray cross-sections. The angular flux distributions from the forward ONETRAN
run and the three adjoint runs (one for each of the above response functions)
were then used in the LASL sensitivity and uncertainty analysis code SENSIT(13)

to compute the relevant sensitivity profiles and response uncertainties.
V. QUANTITATIVE RESULTS

Uncertainties in the three critical design parameters R1,2,3 were calculated
with SENSIT in two independent stages. First the response uncertainties due to
uncertainties in neutron reaction cross-sections were calculated via Eqs. (1) and
(2), and then, in a second stage, the additional response uncertainties due to

estimated SED uncertainties were computed via Eqs. (3) through (5).

11
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TABLE III

TABLE FOR DEFINITION OF ID-NOS IN TERMS OF SPECIFICATION OF
CROSS SECTION COVARIANCES.

ID-NO MATI MAT2
1 1385 1305
2 1385 1385
3 1385 13085
4 1385 13085
S 1385 13085
6 13085 13085
I'4 1386 1386
8 1386 1386
8 1386 1386

18 1386 1386
11 1386 1386
12 1324 1324
13 1324 1324
14 1324 1324
15 1324 1324
16 1324 1324
17 1324 1324
18 1324 1324
18 1326 1326
20 1326 1326
21 1326 1326
22 1326 1326
23 1326 1326
24 1326 1326
25 1326 1326
26 1326 1326
27 1326 1326
28 1326 1326
28 1326 1326
30 1326 1326
31 1326 1326
32 1328 1328
33 1328 1328
34 1328 1328
35 1328 1328
36 1328 1328
37 13238 13238
38 1328 1328
39 1323 1328
49 1328 1323
41 1328 1328
42 1328 1328
43 1328 1328
44 1329 13238
45 1328 1328
46 1323 1328
47 1323 13238
48 1382 1382
49 1382 1382
50 1382 1382
51 1382 1382
52 1382 1382
33 1382 1382
54 1382 1382
S5 1382 1382
356 1381 1281
57 1381 1381
58 1381 1381
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B18 (N.ALPHA) WITH B18 (N.ALPHA)
C TOTAL WITH C TOTAL

C TOTAL WITH C ELASTIC

C ELASTIC WITH C ELASTIC

C INELASTIC WITH C INELASTIC

C (N.ALPHA) WITH C (N.ALPHA)
CR TOTAL WITH CR TOTAL

CR TOTAL WITH CR ELASTIC

CR ELASTIC WITH CR ELASTIC

CR ELASTIC WITH CR INELASTIC
CR INELASTIC WITH CR INELASTIC
CR INELASTIC WITH CR CAPTURE
CR CAPTURE WITH CR CAPTURE

FE TOTAL WITH FE TOTAL

FE TOTAL WITH FE ELASTIC

FE TOTAL WITH FE CAPTURE

FE ELASTIC WITH FE ELASTIC

FE ELASTIC WITH FE INELASTIC
FE ELASTIC WITH FE CAPTURE

FE INELASTIC WITH FE INELASTIC
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CU TOTAL WITH CU TOTAL

CU TOTAL WITH CU ELASTIC
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CU ELASTIC WITH CU INELRSTIC
CU INELASTIC WITH CU INELASTIC
CU INELASTIC WITH CU CAPTURE
CU INELASTIC WITH CU (N.P)

CU INELASTIC WITH CU (N.ALPHA)
CU CAPTURE WITH CU CAPTURE

CU (N.P) WITH CU (N.P)

CU (N.ALPHA) WITH CU (N.ALPHA)
PB TOTAL WITH PB TOTAL

PB TOTAL WITH PB ELASTIC

PB TOTAL WITH PB CAPTURE

PB ELASTIC WITH PB ELASTIC

PB ELASTIC WITH PB INELASTIC
PB INELASTIC WITH PB INELASTIC
PB INELASTIC WITH PB CAPTURE
PB CAPTURE WITH PB CAPTURE

H TOTAL WITH H TOTAL

H TOTAL WITH H ELASTIC

H ELASTIC WITH H ELASTIC




A, Response Uncertainties caused by Reaction Cross-Section Uncertainties

A total of 24 SENSIT runs were performed to compute ARk/Rk cause by reac-
tion cross-section uncertainties which are given as relative covariance matrices
for pairs of partial reaction cross-sections. Table III gives a listing of these
covariance matrices and identifies the relevant pairs of partial cross-sections
by ID-numbers. Partial cross-sections for one material were only paired with
partials for the same material because it is assumed that the cross-section un-
certainties for one material are uncorrelated with those for another material.

However, certain materials are present in more than one spatial zone of the
PGFR design; cf. Fig. 2. For example, chromium is present in the first wall, in
all stainless steel structural walls and in the TF and E coils, but with a dif-
ferent number density in each zone. Therefore, to simplify the interpretation
of our results, we report contributions to response uncertainties due to cross-
section uncertainties by material zones as defined by their operational function,
like Cr in the first wall, or in all SS walls, or in all coil structures, etc.

Appendix A gives detailed results of our cross-section uncertainty analysis
for those response uncertainty components which exceed a 10% standard deviation.
The sensitivity profiles for each of the two partial cross-sections of each pair
are also given in these tables. A summary of all calculated response uncer-
tainties due to all cross-section uncertainties is given in Table IV, All
standard deviations in Table IV per material (i) and zone (j) are obtained by
quadratically summing the standard deviations caused by all partial cross-
sections for that material according to Eq. (2). The overall response uncer-—

tainties for R due to all reaction cross-section uncertainties are given in

1,2,3
the bottom line of Table IV. Large standard deviations of 71.9% and 125.2% are

predicted for the responses R1 and R,, respectively. In both cases the largest

>
contributions originate from cross—szction uncertainties in Cr, W, Cu, and Ni.
However, due to the unavailability of evaluated cross-section uncertainty data
for Cu and W we substituted the covariance data for these materials with those
for Fe and Pb, as was explained in Section IIIA. These substitutions are thought
to be optimistic in the sense that the Fe and Pb covariances are probably
generally smaller than such data would be for Cu and W. Therefore, we feel these
substitutions do not seriously weaken our conclusions that the Cu and W cross

section data are serious sources of uncertainty in the R1 and R, responses.

3
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TABLE IV

PREDICTED RESPONSE UNCERTAINTIES (STANDARD DEVIATION)
DUE TO ESTIMATED CROSS-SECTION UNCERTAINTIES

CROSS SECT. Response Uncertainties, in percent
MAT .| ZONE 100x 100 100:
YR ING)! (3? <AR1>"‘ <AR2> (AR2>* (AR3> AR3>*
Ry i,j Ry /i Ry i,j Ro /i | \R3 i,j Rs /4
C |TILES 1.69 1.69 2.05 2.05 1.70 1.70
Cr | FIRST WALL | 0.38 0.47 0.38
SS WALLS 0.13 28.7 0.04 0.47 5.3 98.3
TF+E COILS |28.7 6x107 10 98.2
Ni { FIRST WALL | 1.79 2.21 1.79
SS WALLS 1.81 6.91 0.78 2.34 1.5 24.9
TF+E COILS | 6.43 9x1072 24.8
Fe | FIRST WALL | 0.18 0.22 0.18
SS WALLS 2.61 14.1 1.67 1.68 2.46 15.99
TF+E COILS | 13.9 2x10”8 15.8
Cu | F-COIL 3.68 4.80 3.66
33.0 g | 480 45.3
TF+E COILS | 32.8 8x10 45.1
W | SHIELD 54.0 54.0 0.196 0.196 | 54.3 54.3
H | FIRST WALL | 0.07 1.11 0.073
H,0 COOLT. | 0.49 5.74 0.76 0.77 0.50 8.71
SHIELD 5.72 0.066 8.7
0 | FIRST WALL | 0.25 0.28 0.25
H,0 COOLT. | 1.51 7.67 1.01 1.05 1.50 7.65
SHIELD 7.52 0.014 7.5
ALL* 71.9 6.12 125.1

*) quadratic sums




B. Response Uncertainties caused by SED Uncertainties

In a second series of 24 computer runs with SENSIT (in SED anaylsis mode
ITYP = 3)13, the additional response uncertainties ARk/Rk due to estimated uncer-
tainties in secondary energy distributions were evaluated according to Eqs:~(3)
and (5). Integral SED uncertainties fz,g' between 0.5% and 179% were used as input,
as specified in Table II, for incident neutron energies between 16 and 0.13 MeV.

Appendix B gives the detailed results of our SED uncertainty analysis for
those calculated response uncertainties which exceed a 10% standard deviation.
Integral SED-sensitivity coefficients SSED, together with Sigg and SEEED accord-
ing to Eq. (4), are also given in Appendix B for each incident energy group. All
calculated response uncertainties due to all SED uncertainties are summarized in
Table V by material (i) and zone (j). It should be noted that in this case no
substitutions of cross-section or uncertainty files were performed as was neces-
sary for the copper and tungsten reaction cross-section uncertainty analysis.

The largest response uncertainties due to SED uncertainties are calculated for
R1 (33.1%) and R3(37.1%) which are both mainly due to Cu and W SED uncertainties,
each contributing between 23 and 28% in AR/R.

A note of caution must be added here, which should be taken into considera-
tion when the results of this SED uncertainty analysis are interpreted. As men-
tioned in Section III.B, the integral SED uncertainties were estimated for the
composite secondary energy distributions of elastic and nonelastic reactions,
which resulted in the fairly low spectral shape uncertainty parameters fz,g'
listed in Table II. In addition, such composite SED's often exhibit two dis-
tinctly separated peaks, one due to the elastically scattered secondaries
peaking fairly close to the incident neutron energy, and the second at much
lower energies due to nonelastic emission neutrons. In these situations it is
questionable how adequate the SED uncertainties can be realistically described
by the simple hot/cold concept which is the basis for our'anaylsis(s). Quite
possibly this concept may result in too coarse a representation and may there-
fore underestimate the real response uncertainties due to SED uncertainties.
This potential inadequacy could be remedied, however, if SED uncertainties were

treated separately for individual partial cross-sections.

C. Total Response Uncertainties due to all Data Uncertainties

Summary Tables IV and V give the calculated response uncertainties by mate-

rial as defined in Eqs. (2) and (5), respectively. In Table VI we compare the
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TABLE V

PREDICTED RESPONSE UNCERTAINTIES (STANDARD DEVIATION)
DUE TO ESTIMATED SED UNCERTAINTIES

CROSS SECT. Response Uncertainties, in percent
MAT.; ZONE 100% 100x 100X
REWIENCIENE
Rz, \Ru/i Ro ki B2 /i Ra/ii [\RsA
¢ | TILES 0.41 0.41 0.26 0.26 | 0.41 0.41
Cr | FIRST WALL | 0.24 0.27 0.24
SS WALLS 0.33 1.17 0.23 0.35 | 0.31 0.86
TF+E COILS | 1.10 2x107 10 0.76
Ni | FIRST WALL | 0.79 0.74 0.79
SS WALLS 0.31 0.86 0.08 0.75 | 0.13 0.85
TF+E COTLS | 0.31 1x10” 10 0.28
Fe | FIRST WALL | 0.06 0.07 0.06
SS WALLS 0.94 6.57 0.51 0.52 | 0.84 4.58
TF+E COILS | 6.50 6x10"10 4.50
Cu | F-COTL 5.2 10.1 5.2
26.1 g (0.1 28.0
TF+E COILS | 25.6 1x10 27.5
W | SHIELD 23.5 23.5 0.37 0.37 | 23.9 23.9
H | FIRST WALL | 0.10 0.07 0.09
H,0 COOLT. | 0.39 0.99 0.36 0.37 | 0.39 1.03
SHIELD 0.90 0.01 0.95
0 | FIRST WALL | 0.11 0.10 0.11
H,0 COOLT. | 0.45 1.05 0.46 0.47 | 0.46 1.13
SHIELD 0.94 0.02 1.03
ALL* 33.1 10.2 37.1

%) quadratic sums




TABLE VI

TOTAL RESPONSE UNCERTAINTIES (STANDARD DEVIATION)
DUE TO ALL DATA UNCERTAINTIES

Response Uncertainties in precent
Input Cross-Section Data AR1 AR1 AR1
R X 100 R X 100 ﬁ——X1OO
1 2 3

All C due to XS-Uncert. 1.69 2.05 1.70
due to SED-Uncert. 0.41 0.26 0.41

A1l Cr due to XS-Uncert. 28.7 0.46 98.3
due SED-Uncert. 1.17 0.35 0.86

A1l Ni due to XS-Uncert. 6.91 2.34 24.9
due to SED-Uncert. 0.86 0.75 0.85

A1l Fe due to XS-Uncert. 14.1 1.68 15.99
due to SED-Uncert. 6.57 ° 0.52 4.58

All Cu due to XS-Uncert. 33.0 4.80 45.3
due to SED-Uncert. 26.1 10.1 28.0

A1l W due to XS-Uncert. 54.0 0.20 54.3
dué to SED-Uncert. 23.5 0.37 23.9

A1l H due to XS-Uncert. 5.74 0.77 8.71
due to SED-Uncert. 0.99 0.37 1.03

A1l O due to XS-Uncert. 7.67 1.05 7.65
due to SED-Uncert. 1.05 0.47 1.13
All* 79.2 11.9 130.6

*) quadratic sums
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calculated response uncertainties due to cross-section uncertainties with those
due to SED uncertainties per material. We note that in almost all cases the
response uncertainties due to SED uncertainties are smaller than those due to
reaction cross-section uncertainties.

The total response uncertainties due to all data uncertainties were calcu-
lated using Eq. (6), which assumes all individual results summarized in Table VI
are uncorrelated and may be summed quadratically by column. The large total re-
sponse uncertainties of 79% for R1 and 1309% for R3 are reasons for concern in a
real design environment. In our conclusion we recommend, therefore, that certain
cross-section files including the SED data, and certain covariance files, be re-
evaluated. However, if such re-evaluations or re-measurements should result in
only insignificantly lower response uncertainties, then some additional conserva-

tism might have to be built into future blanket and shield designs.

VI. CONCLUSIONS AND RECOMMENDATIONS

In general, when a cross-section uncertainty analysis is performed with pre-
sently available codes and data, some care must be taken in the interpretation
of the results. Specifically, it must be recognized that considerable uncertain-
ty generally exists in the covariance files with the result that fairly large
errors are possible in the calculated response uncertainties themselves. Addition-
ally, any conclusions regarding the adequacy of nuclear data for a particular
application requires a statement as to what errors are tolerable in the calculated
responses. For the conclusions below we have assumed that response uncertainties
greater than ~ 25% are not acceptable.

With these qualifications in mind, the main conclusions drawn from this

PGFR cross-section and SED uncertainty analysis are the following:

1. The quadratic combination of the worst case response uncertainties (R3)
for H, C, and O results in a combined uncertainty of less than 13%.
Therefore, the existing ENDF/B-V neutron cross-section files for these
materials, including SED data, appear to be fully adequate for this
application.

2. The calculated R3 response uncertainties for Ni and Fe are 25% and 17%,

respectively, with the major components resulting from cross-section

18




uncertainties. The data for these materials therefore appear to be
marginally adequate for the present application, although some further
reduction in uncertainty would probably be desirable.

The W cross-section data are probably inadequate, as indicated by

a calculated response uncertainty of 54% for both R1 and R3. This
conclusion must be qualified somewhat because Pb covariance data were
used in the W analysis. However, an examination of the Pb covariance
file suggests strongly that this qualitative conclusion would stand
even if W covariances were available. Additionally, the calculated
249 response uncertainties in R1 and R3 due to tungsten SED uncertain-
ties alone indicate a need for improved data. It is recommended,
therefore, that as a first step the cross-section and uncertainty files
for W be re-evaluated-to include the most recent experimental results.
For Cu the cross-section as well as the SED data appear inadequate
because they produce response uncertainties in Ri and R3 between 26
and 45%. Specifically, large sensitivities are obtained for the
elastic and total copper cross-sections (see Appendix A) and SED's
(see Appendix B) in the energy range from 1.3 keV to 1.3 MeV. These
cross-sections and secondary energy distributions are recommended for
re-evaluation and possibly re-measurement. Again, these conclusions
are subject to a similar qualification as was given for the W results
in that Fe covariance data were used in the absense of such data for
Cu. As with tungsten, however, we believe the qualitative conclusions
for Cu are valid.

The cross-section data for Cr appear grossly inadequate because they
produce an almost 100% uncertainty in R3, while the SED data are

found fully adequate. The main contribution to the 98% standard de-
viation is from the Cr total and elastic cross-sections (compare
Appendix A). While the sensitivity of R3 to the Cr total and elastic
cross-sections is roughly a factor of 10 lower than the sensitivity of
R3 to the copper cross-sections, the uncertainty estimates for Cr are
much larger than those for Cu. We recommend, therefore, first a re-
evaluation of the covariance files for the total and elastic chromium
cross-sections, and secondly, if the new uncertainty estimates are not
substantially lower, a re-evaluation of the Cr cross-sections them-

selves.
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APPENDIX A

In this appendix we reproduce 24 tables from the detailed SENSIT printouts for
those cases of our reaction cross-section uncertainty analysis where response un-
certainties greater than 10% have been obtained. The ID-numbers at the top of

the tables identify the cross-section pair for which correlated uncertainties in
the form of a covariance matrix have been used in the uncertainty analysis, as
listed in Table III. The sensitivity profiles for each of the two reaction cross-
sections of each pair are also given as P1(G) and P2(G), which are printed per

lethargy interval width DELTA-U.
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TNS(PGFR) XS-SENS.ANAL. FOR R1-DPA ADJ. * TF4E COILS * ISS:I.FE.CU
RS

tt———

Cr (W, rf)

SENSITIVITY PROFILES FOR CROSS—~SECTION PARIRS WITH 1D = 12 w» ok
P1¢(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I1PHI = (R,PHI) = 4.8B458E+88
FOR THE SUM OVER ALL PERTURBED 20NES. WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
THE NUMBER DENSITIES FOR THIS XS-PRIR ARE NDEN1 = 5.82088BE-B3 AND NDEN2 = 5.82000E-83

GROUP UPPER-E(EV) DELTR-U P1(G) P2(G)
1 1.780E+27 1.256-081 8. a.
2 1.580E+27 1.85E-81 ~-3.684E-B81 -3.604E-81
3 1.358E+07 1.18E-81 ~1.123E-81 -1.123E-81
4 1.200E+07 1.82E-81 ~3.654E-82 -3.6545-82
5 1.88BE+B7  2.58E-81 ~-3.887E-B2 -3.887E-82
6 7.798E+B6  2.49E-B1 -2.978E-82 -2.97%E-82
7 6.870E+B6 5.8BE-01 ~2.936E-82 -2.936E-B2
8 3.68BE+B6 2.5BE-81 ~4,754E-82 -4.754E-B2
9 2.865E+BG6 2.5BE-81 ~6.988E-B2 -6.988E-B2
18 2.232E+86 2.5BE-81 -8.550E-B2 -B8.55BE-B2
11 1.738E+06 2.5BE-B1 ~1.185E-81 ~1.185E-B1
12 1.353E+06  4.97E-B81 -2.340E-B1 -2.340E-81
13 B8.238E+85 4.98E-B1 -6.811E-B1 -6.811E-81
14 5.088E+05 5.81E-B81 ~6.642E-B1 -6.642E-81
15  3.83BE+85 4.99E-B1 ~2.841E-81 -2.841E-81
16 1.840E+05 1.80E+00 ~3.680E-B1 -3.68BE-B1
1?7  6.76BE+84 1.DPE+0D ~5.192E-82 -5.192E-82
18 2.488E+84 1.PBE+08 ~1.367E-82 -1.367E-B2
19 9.120E+03 1.0BE+28 ~-3.582E-82 -3.582E-82
28 3.358E+83  9.98E-B1 -4.791E-83 -4.791E-03
21 1.235E-+03 1.0BE+PD ~1.343:-84 -1.343E-84
22  4.540E+82 1.9RE+2D ~8.179E-85 -B.179E-B5
23 1.670E+02 1.09E+28 ~5.581E-85 -5.581E-85
24 6.148C+21  9.99E-81 ~-4.3266-85 -4.326E-85
25 2.260E+B1 9.99[:-B1 ~2.666E-B5 -2.666E-B5
26 B8.328E+09 1.00E+09 ~1.344E-B5 -1.344E-85
27 3.86BE+90  9.96E-B1 ~6.471E-B6 -6.471E-B6
28  1.130E+90 1.00E+00 ~2.949E-B6 -2.949E-B6
29 4.148eE-81 1.98E+28 ~1.404E-B6 ~1.404E-B6
38 1.528E-81 1.11E+08 ~1.399e-87 -1.399E-87
INTEGRAL ~1.531E+080 -1.53.1E+29

AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTARINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR TH1S ID:

VARIANCE. (DELTA-R OVER R)-SQUARE = (DR/R)SO = 2,.749E-82
RELATIVE STANDARD DEVIATION DR/R = 1.658E-81
= 1.658E+81 PER CENT

Srrr———eaps
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TNS(PGFR) XS~SENS.ANAL. FOR R1-DPA ADJ. % TF+E COILS x ISS:CEQNI.FE.CU

L

1 1.780E+27
2 1.580E+07
3 1.3508E+07
4 1.200E+07
5 1.88BE+B7
6 7.79BE+@6
7 6.8B7BE+06
8  3.68BE+26
9  2.B65E+26
18 2.232E+86
11 1.738E+86
12 1.353E+86
13 B.23BE+@5
14  5.880E+0S
15  3.838E+@5
16 1.840E+85
17 6.76BE+B4
18 2.488E+04
19  9.120E+83
28  3.350E+83
21 1.235E+83
22  4.54BE+D2
23 1.670E+02
24 6.140E+01
25 2.26BE+@1
26 B.320E+00
27 3.86BE+2D
28 1.130E+00
29 4.140E-81
30 1.528E-81
INTEGRAL

DELTR-U
1.25E-81
1.85e-81
1.18E-81
1.82E-81
2.50E-01
2.49E-81
5.88E-81
2.58E-81
2.58E-81
2.58E-81
2.58E-81
4.97E-81
4.98E-81
5.81E-81
4.99E-81
1.00E+00
1.98E+88
1.98E+88
1.00E+08
9.98E-81
1.98E+080
1.08E+28
1.00E+08
9.99E-81
9.99E-81
1.08E+28
9.96E-81
1.98E+08
1.98E+08
1.11E+28

P1(G) P2(G)

8. 8.
~3.604E-B1 -~1.639%E-81
~1.123E-81 -5.424E-82
-3.654E~92 ~1.873E-02
~3.807E-B2 -~1.67BE-B2
-2.975E~82 ~1.743E-82
~-2.936E-82 -1.783E-B2
~4.754E-82 -3.379E-B2
~6.988E-82 ~5.268BE-82
~-8.558E-82 -7.B58E-B2
~1.105E-81 -1.986E-B1
~2.34PE-B1 -2.282E-81
~6.811E-81 -5.975E-81
~6.642E-81 -6.635E-81
~2.841E-81 -2.838E-81
~-3.680E-81 -3.675E-B1
-5.192E~-82 -~5.173E-82
~1.367E-82 -1.356E-82
~3.582E~-82 -3.571E-B2
~4.791E-83 -4.734E-83
~1.343E-84 -1.338E-B4
~-8.179E-85 -B.125E-B5
~5.581E-B5 -5.523E-85
~-4,326E-85 -4.253E-85
~-2.666E-85 -2.593E-B5
~1.344E-85 -1.284E-85
~6.471E-86 -6.811E-86
-2.949E-B6 -2.619E-B6
~1.404E-86 ~1.162E-B6
~1.399e-87 -9.143E-88
~-1.531E+88 ~1.468E+00

M
SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 13
P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I11PHI = (R,PHI
FOR THE SUM OVER ALL PERTURBED ZONES, WHERE B0TH CROSS SECTIONS WITH THIS 1D ARE PRESENT IN
THE NUMBER DENSITIES FOR THIS XS~PAIR ARE NDEN1 =

GROUP UPPER-E(EV)

5.02008E-83 AND NDENZ =

Cr (15, 2L)

5.82000E-83

)
TH

AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING

= 4,
E MOD

8
El

E458E+88

FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTR-R OVER R)-SQUARE = (DR/R)SQ. =
RELATIVE STANDARD DEVIATION

= DRR

2.743E-82
1.658E-81

1.658E+81 PER CENT

L
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TNS(PGFR) XS~SENS.ANAL. FOR R1-DPA ADJ. % TF+E COILS x ISS:NI.FE.CU

yorloriolololoioloiooiioktiiolololiok SENSITIVITY PROFILES FOR CROSS-~SECTION PARIRS WITH ID =
P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AMD NORMALIZED TO THE RESPONSE 11PHI = (R,PHI) =

Cr(at, ef)

14

4.89458E+49

FOR THE SUM OVER ALL PERTURBED ZONES. WHERE 80TH CRO3S SECTIONS W1TH THIS 1D ARE PRESENT IN THE MODEL

THE NUMBCR DENSITIES FOR TH1S XS-PAIR APE NIDENI = 5.02090E-83 AND NDEN2 = 35.P200CE-83

GROUP UPPER-E(EV)
1 1.700E+27
2 1.580E+07
3 1.358E+07
4  1.20BE+07
5 1.800E+27
6  7.798E+86
7 6.87BE+R6
8  3.68BE+@6
9  2.865E+06

18 2.232E+86
11 1.73BE+86
12 1.353E+06
13  8.23BE+85
14 5.800E+085
15  3.838E+85
16 1.840E+85
1?7 6.768E+24
18 2.480E+04
19  9.128E+83
20  3.35BE+83
21 1.235E+03
22 4.54BE+@2
23 1.670E+02
24 6.140E+401
25 2.26BE+B1
26 B.32BE+20
27 3.96BE+00
28 1.138E+00
29  4.140E-81
39 1.528E-81

INTEGRAL

DELTR-U

1.25e-81
1.85E-81
1.18E-81
1.82E-81
2.58E-81
2.49E-81
5.88E-81
2.58E-81
2.50E-01
2.58E-81
2.56E-81
4,97E-01
4.98E-81
5.01E-81
4.99E-81
1.80E+00
1.0BE+2D
1.00E+00
1.00E+08
9.98E-81
1.80E+00
1.00E+00
1.00E+PD
9.99E-81
9.99E-01
1.00E+08
9.96E-81
1.00E+00
1.8BE+80
1.11E+90

AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING

P1(G) P2(G)

8. 8.
~1.639E-81 -1.639E-81
~5.424E-82 -5.424E-82
~-1.873E-82 ~1.873E-B2
~1.678E-82 -1.67VBE-82
~1.743E-82 -~1.743E-82
~1.783E-82- -1.783E-82
~3.379E-82 -3.379E-B2
-5.268E-82 ~5.268E-B2°
~7.858E-82 ~7.B58E-B2
~1.806E-81 -~1.8B6E-B1
~2.282E-B1 -2.282E-81
~-5.975E-81 -~5.975E-81
~-6.635E-81 -6.635E-81
~-2.838E-81 -2.838E-B1
~-3.675E-81 -3.675E-B1
~5.173E-82 ~-5.173E-82
~1.356E-82 ~1.356E-82
~-3.571E-82 -3.571E-82
~4.734E-83 -4.734E-83
~1.338E-84 -1.338E-84
~-8.125E-85 -B.125E-B5
~5.523E-85 -5.523E-85
~4.253E-85 -4.253E-85
~2.593E-85 -2.593E-925
~1.284E-05 -1.284E-B5
-6.011E-86 -6.B11E-B6
-2.619E-86 -2.619E-8B6
~1.162E-86 -1.162E-B6
~-9.143E-88 -9.143E-88
~1.468E+90 -~1.468E+28

Foloiololiolioioioioiolololototofolok
FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTARINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE, (DELTR-R OVER R)-SQUARE = (DR/R)SQ.

RELATIVE STANDARD DEVIATION

= DRR

2.750E-82
1.658E~-81
1.658E+@1 PER CENT

e —t———_
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TNS(PGFR) XS-SENS.ANAL. €07 P1-DPR ANJ, % TF+E COTILR % (5A: CP.NI.FEC:::)

G (At

PN et

SomOIoN SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 37
PI(G) AND P2rR) AR PER LETHARGY WIDTH DELTA-U AND MORMALIZED TO THE RESPONSE I1PHI = (R.PHIY = 4,8P4S8E+90
FOR THE SUM QvER ALL PERTURCED ZONES. WHERF £0TH CRISS SECTINNS WITH THIS IN APE PHESENT IN THE MODEL .
THE NUMBER DENSITIES FOR THI3 XS-PRIR ARE  NDEN! ~ 4.A8¢00(H~-02 AND  NDEN2 = 4,07G00E-02

GROUP UPPER-E(EY) DELTR-U PI(G) P2(G}
1 1.780E+07 1.25E-81 8. 8.
2 1.588E+07 1.85e-081 ~3.578E+080 -3.570E+00
3 1.358E+07 1.18E-81 ~1.111E+080 -1.111E+99
4 1.2080E+07 1.82E-81 ~3.610E-81 -3.61BE-B1
S 1.900E+87 2.5BE-B1 ~2.835E-81 -2.835E-81
6 7.79BE+B6 2.49E-81 -2.619E-81 -2.619C-81
7 6.870E+@6 5.8BE-D1 ~2.386E-B1 -2.3B6E-B1
B8 3.68BE+B6 2.5BE-D1 ~3.476E-B1 -3.476E-B1
9 2.B65E+@6  2.58E-81 ~4,.868E-B1 -4.860E-B1
18 2.232E+96 2.50E-01 ~-6.373E-B81 -6.373E-B1
11 1.738E+06  2.5BE-01 ~B.268E-B!1 ~B.268E-B1
12 1.353E+96  4.97E-B1 ~1,955E+98 -1.955E+08
13 8.230E+@5  4.98E-81 ~5.624E+98 -5.624E+08
14 5.08BE+@5 5.81E-B1 ~6.517E498 -6.517E+00
15 3.83BE+85 4.99E-81 ~2.767E+08 -2.7G7E+D0
16  1.B40E+B5 1.080E+08 ~-2.730E+08 -2.730E+00
17 6.76BE+84 1.00E+00 ~6.749E-81 -6.749E-81
18 2.48@E+24 1.88E+09 -3.693E-8! -3.693E-B1
19  9.120E+83 1.0BE+20 ~1.793E-81 -1.783E-81
28 3.358E+93 9.9BE-B1 ~-8.924E-82 -B8.924E-82
21 1.235E+83 1.0BE+P0 ~2.853E-83 -2.853E-83
22  4.54BE+82 1.0BE+00 ~1.811E-83 -1.811E-83
23  1.67BE+B2 1 .0BE+PD ~7.841E-B4 -7.B41E-04
24 6.148E+01 9.99E-B1 ~6.518E-04 -6.518E-84
25 2.26BE+@1 9.99E-81 ~4.181E-84 -4.101E-84
26 B.320E+08 1.00E+00 ~1.997E-84 -1.997E-B4
27 3.06BE+98 9.96E-B1 ~9.568E-85 -9.568E-85
28 1.13BE+29 1.88E+00 ~-4.385E-85 -4.305E-85
29  4.140E-81 1.90E+00 ~2.805E-85 -2.80SE-85
38 1.528E-81 1.11E+99 ~1.869E-06 ~1.8G9E-B6

INTEGRAL ~1.387E+01 -1.387E+81

AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING oiciopioololololoiiolotololoioiok

Rojojoloioioioiotorioioioloofolok
FRACTIONAL RESPONSE UNCERTARINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS 1D:

VARIANCE, (DELTR-R OVER R)-SQUARE = (DR/RISQ. = 3.530E-B2

RELATIVE STANDARD DEVIATION = DR/R = 1,879E-81
= 1.879E+81 PER CENT

—— e

A ————
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TNG (0T VR_ATNE ANAL

S OIIMOIIOKMRY
PU(R: (D PoR

FOP R1-DPA ADJ. » TF4E

0TS % IS6: CR.N!.FE@

G (ot o)

ook SENSITIVITY PROFILES FO® CROSS-RECTION PAIRS WITH ID =

%8

FOR THE «UM Mt WL PRRTUREZN ZONES. WHERE BOTH MRCSS SECTHIMS LJIT] THIS 1h ARE SKESENT

THE HOMDST PEIRITTHIC FPR TR XS~PAIP NRE  NTEN] =

GROUP UPPER-ECEV)
1 1.7BNE+AT
2 1.588E+37
3 1.350E+87
4 1.280E+27
5 1.80BE+A?
6 7.798E+06
7  6.870E+B6
8  3.68BE+06
9 2.865E+86.

18 2.232E+06
11 1.738E+06
12 1.353E+86
13 B.230E+9%5
14  5.009E+B5
15 3.03BE+85
16 1.848E+95
17  6.7T6RE+24
.18 2.488C+04
19 9.120E+03
280  3.358E+83
21 1.235E+83
22  4.548E+82
23 1.670E+B2
24 . 6.140E+D1
25 2.26BE+21
26 B.320E+80
27 3.P6PE+AD
28 1.130E+08
29  4.140e-81
38 1.528E-81

INTEGRAL

DELTA-U

1.25E-81,

1.85E-81
1.18E-81
1.82E-81
2.58E-81
2.49e-81
5.89E-81
2.58E-81
2.58E-81
2.58E-81
2.58E-81
4,97E-81
4.98E-81
5.01E-81
4.99E-81

1.9BE+00 .
1.9PE+80

1.9BE+008
1.00E+008
9.98E-81
1.8BE+28
1.008E+00
1.0BE+PD
9.99E-81
9.99E-81
1.0BE+09
9.96E-81
1.8BE+00
1.99E+80
1.11E+99

P1(G} P21
8. 8.
~3.578E+98 -~1.672E+AB
~1.111E+08 " -5,389E-91
~3.61PE-B1 ~1.B21E-B1
~-2.835E-81 -1.539E-01
~2.619E-81 ~1.4G8E-B1
~2.386E-B1 ~1.366E-01
~3.476E-81 -2.824E-B1
-4.86BE-B1 ~2.993E-81
~-6.373E-B81 -4.276E-B1
~8.268E-B1 -6.147E-B1
~1.955E+98 -1.771E+Q0
~5.624E+080 -5.572E+080
~6.517E+88 -6.496E+00
~2.767E+08 -2.757E+08
~2.73BE+99 -2.719E+80
~6.749E-81 -6.714E-01
~3.693E-81 -3.664E-B1
~1.783E-81 -1.67BE-B1
~8.924E-82 -B.756E-B2
~2.853E-83 -1.743E-B3
~1.811E-83 -3.732C-04
~7.841E~-B4 -7 ,799E-R4
~6.518E-B4 -6.452E~-04
~4.101E-24 -4.072E-B4
~1.997E-84 -1.939E-04
~9.56BE~-B5 -9.118E-25
~4.305E=95 ~3.979E-B5S
~2.095E-85 -1.766E-05
~1.869E-06 -1.35BE-P6
~1.387E+81 -1.311E+81

A,A7ROPT-AZ AND  HACNZ -

4 DTANIE-A2

AN UNCERTARINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING

.“'P’ PER LETHNRGY UIDTH DELTA-U AND HODMALLIVED 10 THE RESPONSE 'lPHl = {R.PHI) = 4.894%52F+00

IN THE MODEL

FRACTIONAL RESPONSE UNCERTRINTY DUE TO XS-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

(DELTA-R OVER R)-SOUARRE = (DR/R)ISA.
RELATIVE STANDARD DEVIATION DR

VARIANCE.

3

=

3.529E-82
1.879E-81
1.879e+81 PER CENT
e ——3
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TNS(PGFR) XS-SENS.ANAL. FOR R1-DPR ADJ. * TF+E COILS * 156: CR.Nl.FE:E;)

Gufet, 28)

/V-A
ok SENSITIVITY PROFILES FOR CROSS-SECTION PRIRS WITH ID = 33

PI(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I11PHI = (R.PHI) = 4,88458E+009
FOR THE SUM OVER ALL PERTURBED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS 1D ARE FRESENT IN THE MODEL
THE NUMBER DENSITIES FOR THIS XS-PRIR ARE NDEN1 = 4.8780BE-82 AND NDEN2 = 4.87808F-82

GROUP UPPER-E(EY) DELTAR-U P1(G) P2(G)
1 1.780E+27 1,25E-01 2. 8.
2 1.508E+87 1.85E-81 ~1.672E+08 -1.672E+00
3 1.350E+87 1.18E-81 -5.383-81 ~5.389E-R1
4 1.20eE+97  1.82E-91 ~1.821E-81 -~1.821E-61
5 1.90BE+37  2.59E-81 ~1.539E-81 ~1.539%E-01
6 7.790E+06  2.49E-81 -1.418E~A1 ~1.486RE-21
7 6.870E+86 5.80E-01 ~1.365E-01 -1.366E-61
8 2.68BE+B6 2.SBE-B1 -2.824E~-01 -2,024E-81°
9 2.B65E+06  2.58E-81 -2,932E-A1 -2.993E-91
18 2.232E+86  2.58E-81 -4,276E-91 -4.276E-21
11 1.733:406  2.50C-A1 -6.147E~-B1 ~6.147E-01
12 1.353EH96  4.97E-A1 -1.771E+2@ -1,771E400
12 8.230E+05  4.98E-81 ~-5.572E+08 -5.572R+A9
14 5.00BE+B5 5.81E-01 ~6.436E+B0 -6.496L+09
15 3.078E405 4.93E-81 . -2.757E"@A -2.75(E109
16 1.840E-05 1.0BE+08 ~2.719E+09 -2.7153E468
17 6.76BE+#4  1.8BOE+D9 -6.714E-A1 =/, ,714E-81
18 2.480E+24 | 1.BBE+D9 ~3.664E-81 -~3.664R-21
19 9.120E+22  1.09E+A0 ~-1,678E-01 -1.678(:-B1
28 3.300PE+83  9.98E-81 ~8.?56E~A2 -B.70RE-02
21 1.255E+23 1.80E+00 ~1.743E-93 ~1.742-83
22 4.549E+492  1,00:+00 ~9.792E-B4 -0.797r-B4
23 1.670E+H2 1.80F+08 -7.799E~B84 -7.730E-04
24 6.140E+Q1  9.9%E-81 -6.452FE-84 ~6.452E-04
25 2.209R+@1  9,99E-81 -4.632E-B84 -4.032F-84
26 0.320E+00 1.90E+00 ~1.939E~-84 -1.970:-94
27 2.06BE+20  9.96E-81 -9.118E-85 -9.118E-85
28 1.170E+07 1.08E+00 -3.979E-95 ~3.979E-83
29  4.149E-01 1.89E+20 -1.766E-05 -1.7¥GGE~BS
38 1.520€E-81 1.11E+08 -1.383E-86 -1.288F-06
INTEGRAL ~-1.311E+81 ~1.311E+401

solokiiohiolonioinoniiobioiox AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PARIR YIELDS THE FOLLOWING
FRACTIONAL RESFOMSE UNCERTARINTY DUE TO »S-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTA-R OVER R)- SUUQPE = (DR/R)SQ. = 3J.6B9E-B2
PRLATIVE STANDARD DEVIATION DR/R = 1.988E-81
= 1,999E+81 PER CENT
e — %
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TNSIPGRF) X3-5NS.ANAL, FOP RI-DPA ADJ. % TF+T COILS * 156: CP.Nl(:EZCU

Fe (1ot, fot.)

Hnfoioy Seccac 2t SENSITIVITY PROFILES FOP CROSS-SECTION PAIPS WITH ID = 19

PL(RY NN PR1GY ARE PER LETHNRGY WIDTH DELTA-U NND “ORMALIZED TO THE RESPINSE 1IPHI = (R.PH1) = 4,8%4%3E+99
FOR THE UM OVER ALL FERTUPBER ZOHES. WHERE BOTH CRNSS SECTINNG WITH THIS ID ARE PRESENT IN THE MODEL

THE NUMSAR DENZITIES FOR THIN XS-PAIR APE NDEND =~  1,31905-A7 AND  MDEN2 = 1.23637E-02
GRQUP UPPEP-ELEV) DELTA-U P1(G) P2(13)
1 1.70%E+Q7 1.25E-91 8. 8.
2 1.50CE+8B7 1.85E-81 ~1.454E408 -1.454E+29
3 1.350E+07 1.18E-81 -4.512E-81 -4.512E-91
4 1.208E+07 1.82E-81 ~1.491E-91 -1.491E-81
S 1.98BE+37  2.5BE-81 ~1.203E-B1 -1.203E-01
6 7.790E+B6 2.49E-81 ~1.156E-81 -1.156E-81
7 6.B70E+86 5.8BE-BI ~1.889E-81 -1.889E-01
8 3.68BE+B6 2.5BE-81 ~1.632E-81 -1.632E-81
9 2.B65E+B6  2.50E-B1 ~2.398E-B1 -2.395F-81
18 2.232E+B6 2.5BE-B1 ~-2.979E-B1 -2.979:-81
11 1.738E+06  2.5BE-B1 ~-3.883E-91 -3.883E-B1
12 1.353E+86  4.97E-B1 ~7.693E-B1 -7.6B3E-B1
13 B.238E+85 4.98E-B1 ~2.182E+00 -2.1B2E+8A
14 5.09BE+B5 5.81E-81 ~-2.773E+0B -2.779E+00
15 3.838E+85 4.99e-81 ~1.028E+89 -1.B2BE+09
16 1.840E+05 1.00E+08 ~9.157e-B1 -9.157E-81
1?7 6.76BE+B4 1.00E+00 ~-3.388E-B1 -3.38BE-B81
18 2.48BE+04 1.00E+00 ~2.913E-92 -2.913E-82
19  9.1208E+803 1.8BE+B8 ~5.571E-92 -5.571E-A2
280  3.359E+83 9.98E-91 ~1.565E-82 -1.565E-82
21 1.235E+03 1.00E+00 ~-1.011E-93 -1.811E-83
22  4.54BE+A2 1.80E+09 ~7.138E-84 -7.138E-04
23 1.678E+D2 1.00E+028 ~5.138E-94 -35.138E-84
24 6.140E+481 9.99E-81 ~3.980E-94 ~3.988E-04
25 2.260E+B1 9.99E-81 ~2.445E-84 -2,445E-84
26 B.328E+09 1.00E+028 ~1.219E-84 -1.219E-84
27 3.86BE+PB 9.96E-81 ~-5.763E-85 -5.762:-A5
28 1.130E+00 1.00E+020 ~2.551E-85 -2.551E-@5
29 4.148e-8! 1.80E+00 ~1.162E-85 -1.16G2E-85
38 1.528E-81 1.11E+99 ~-1.8085E-96 -1.AOSCE-06
INTEGRAL ~5.348E-+88 -5.340E+09

AN UNCERTRINTY ANALYSIS FOP THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRACTIONAL RESPAONSE UNCERTAINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTAR-R OVER R)-SAUARE = (DR/R)SA. = 6.317E-@3

RELATIYE STNNDARD DEVIATION = DR/AR = 7.948E-02
= 7.948E+09 PER CENT

. —
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TNQIPRTPY VRLSENT ANAL. FOP R{-DPN ADJ. ¥ TF+E COILS » 1563 C".Nt(::)CU

R (o, <)

N gpery
IO NOADION SENSITIVITY PROSILES FOR CPOSS-SECTINN PATES WITH ID = 28 swr

PI(GY QNN PRCGY APE PER LETHRRGY WIDTH PELTA-U AND 1IOFMALIZED TO THE PESPONSE 11PH] = (R.PHI1) = 4.88458E+89
FOR THT UM OvER CLL PERTUPRED ZONES. WHERE BOTH LROTS SECTIANSG WITH THIS ID ARE FRESEMT IN THE MODEL
THE MEMER MENITTIES FOR THIN ¥S~PAIR ARR  NDEN1 -  1,8¢WOF=12 NHD  NDEM2 = 1,3908%7-82

GPDUP UPPEP ~ECEVY DELTR-U P1(G) P2(r)
7?9BE+D7 1.25E-91 a. a.

2 .JBBE+0( 1.85e-01 ~1.454E+08 -6.(24C-91
3 1.358E+87 1.18E-81 -4.,512E~81 -2.154E-81
4 1.200E+07 1.82E-81 ~1.491E-81 -7.494E-82
5 1.00BE+A7 2.5BE-B1 ~1.203E-81 -6.497E-B2
6 7.798E+06 2.49E-81 ~1.156E-81 -6.591E-82
7 6.870E+06 5.80E-B1 ~1.889E-B! -6.351E-B2
8 3.68BE+06 2.50E-81 ~-1.632E~-81 -~1.858E-A1
9 2.865E+86 2.58E-81 ~-2.398E-81 ~1.745E-01
18 2.232E+86 2.50E-B1 -2.979E-81 -2.163E-81
11 1.738E+06  2.5BE-B1 ~-3.803E-81 -2.911E-81
12 1.353E+06  4.97E-91 ~7.683E-A1 -6.694E-B1
13 8.230E+85 4.98E-81 ~-2.182E+08 -2.177E+B9
14 5.600E+085 S.81E-81 ~2.779E+B9Q -~2.776E+A0
15 3.038E+B5  4.99E-81 ~1.828E+80 -1.826E+00
16 1.84BE+BS 1.00E+28 ~39.157E~-81 -9.136E-61
1?7 6.76BE+84  1.PBE+BB ~-3.388E~-81 ~3.37B3E-B1
18 2.480E+84 1.POE+0B ~-2.913E-82 -2.984E-8B2
19 9.120E+03 1.0BE+20 ~5.571E-82 -5.562E-02
28 3.55BE+@3  9.9BE-81 ~1.565E-82 -1.564E-82
21 1.235E+03 1.00E+008 ~-1.811E-83 -9.859E-B4
22  4.549E+92 1.0BE+20 ~7.138E~R4 -7.122E-04
23 1.670E+82 1.0BE+0D ~5.138E-84 -5.121E-R4
24 6.140E+01 9.99E-81 ~3.988E-B4 -3.966E-04
25 2.26BE+01 9.99E-81 ~2.445E-B4 -2.422E-84
26 . B.320E+90 1.00E+008 ~-1,219E-84 -1.2901E-B4
27 3.P6BE+@B® 9.96E-01 ~5.763E-85 -5.620C-05
28 1.130E+00 1 .90E+20 ~2.551E-85 -2.442C-A5
29  4.1490E-8! 1.00E+28 ~1.162E-85 -1.8€6-85
30 1.520E-81 1.11E+98 ~1.895E-96 -8.344E-87
INTEGRAL ~5.348E+090 -5.848E+00

AN UNCERTARINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YI1ELDS THE FOLLOWING
FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE., (DELTA-R OVER R)- SOURRE = (DR/R)SQ. 6.317E-83

RELATIVE STANDARD DEVIATION DR/ 7.948E-02
7.948E+99 PER CENT

o




TNS(PGFRY X5-SENS.ANAL. FOR R1-DPA ADJ. * TF+E COILS x-IS6¢ CP.Nl(EE)CU

R(ed,L.)

Peamamnt e ¥
SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 22

P1(G) AMD P2/G) ARE PER LETHARGY WIDTH DELTA-U AR NORMAILIZED TO THE RESPONSE 11PHI = (R.PHI) = 4.88452£+08
FOR THE SUM OVER ALL PERTURBED ZONES. WMERE BOTH CPOSS SECTIONS WITH THIS 1D ARPE PRESENT IN THE MODEL
THE HUMRER DENSITIES FOR THIZW XS-PAIR ARE  NDENI = 1.89004R-R2 AND MHDENZ = 1, 99G90E~A2

GROUP UPPER-E(EY) DELTA-U P1(G) P2(G)
1 1.78BE+B7  1.25E-8] 8. 8.
2 1.588E+07  1.85E-B1 -6.624E~B1 -6.624E-81

T¢

3 1.359E+87 1. 18E-@1 -2.154E-81 ~2.154E-81
4 1.200E+87  1.82E-B1 -7.494E-82 -7.494E-B2
5 1.9P6E+B7 2.50E-B1 -6.497E-92 -6.497E-P2
6 ?.799E+B6 2.49E-91 -6.591E~-82 -6.591E-92
7 6.870E+P6 5.PPE-B1 -6.351E-82 -6.351E-82
8 3.68BE+B6 2.5BE-B1 -1.958E-81 ~1.BSBE-B1
9 2.8B65E+P6 2.5PE-B1 -1.7456-81 ~-1.745E-81
18 2.232E+86  2.58E-B1 -2.163E~91 ~-2.163E-91
11 1,738E+86 2.5BE-B1 -2.911E-91 -2.911E-B1
12 1.353E486  4.97E-81 -6.694E~B1 ~6.694E~B1
13 B.23BE+@5  4.98E-B1 -2.177E+08 -2.177E+PD
14 5.PPBE+BS 5.B1E-81 -2.776E+0B ~2.776E+20
15 3.930E+@5  4.99E-B1 -1.926E+80 -1.P26E+88
16 1.B4BE+B5 1.PPE+00 -9.136E-B1 -9.136E-91
17 6.76BE+B4  1,BPE+29 -3.383E-81 -3.383E-B1
18 2.48BE+A4__ 1.@PE+AB _ _-2.9B4E-B2_ ~2,.994F-~B2 N e e .
19 9. T20E+03 "1 oot oo -5 . 562E-82" -5.562E-82
20  3.359E+B3  9.98E-81 -1.564E-82 ~1.564E-B2
21 1.235E+83  1.PDE+09 -9.859E~-84 ~-9.859E-B4
22 4.549E+82  1.PPE+BP ~-7.122E-B4 ~7.122E-B4
23  1.679E+82  1.09E+89 -5.121E-94 -5.121E~B4
24 6.14PE+@1  9.99E-B1 -3.966E-B4 -3.966E-84
25 2.260PE+B1  9.99E-@1 -2.422E-B4 -2.422E-04
26 B.320PE+P@ 1.PPE+29 -1.291E-B4 ~1.201E-B4
27 3.P6PE+BB  9.96E-B1 -5.628E~B5 ~5.620E-B5
28 1.13PE+@@  1.PRE+BP -2.449E-85 -2.449E-85
29 4.149E-81 1.PPE+29 ~1.886E~B5 ~1.B36E-BS
38 1.520E-81 1,11E+P9 -8.544E-B7 -8.544E-87
INTEGRAL -5.048E+09 ~5.B48E+20

AN UNCERTAINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTA-R OVER R)-SOUARE = (DR/R)SO. = 6.47BE-83
RELATIVE STANDARD DEVIATION = DR/R = B8.843E-92
= 8.849E+98 PER CENT
E——




[A>

SENSIT SAMPLE B8, *FUSION RERC’TUR*VECT‘DR—XS.SENMRT.”RUN?G NI. FE. CU

Cr (1, #oF)

SENSITIVITY PROFILES FOR CROSS-SECTION PRIRS WITH ID = 12 Bfolololotok
Pl(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE 11PHI = (R.PHI) = 1.12278E+04
FOR THE SUM OVER ALL PERTURBED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS 1D ARE PRESENT IN THE MODEL

THE NUMBER DENSITIES FOR THIS XS-PAIR ARE NDEN! = 5.820PPE-B3 AND NDEN2 = 5.82000E-83

GROUP UPPER-E(EY) DELTAR-U P1(G) P2(G)
1.70BE+@7  1.25E-81 8. 8.
2 1.590E+87  1.85E-81 ~3.186E-81 -3.1B6E-B1
3 1.358E+87 1.18E-91 ~1.871E-81 -1.871E-81
4 1.280E+07 1.82E-81 ~3.735E~-B2 -3.735E-82
5 1.PPBE+A7  2.5BE-B81 ‘-2.8116-92 -2.811E-82
6 7.798E+@6 2.49E-91 ~2.522E-P2 ~2.522E-82
7 6.870E+86 5.88E-81 -2.191E-82 -2.191E-82
8 3.68BE+26 2.5BE-91 ~3.254E-B2 -3.254E-82
9 2.865E+@6 2.58E-81 -4.448E-B2 -4.448E-82
18 2.232E+86  2.50E-81 ~5.191E-82 -5.191E-82
11 1.738E496  2.5BE-B1 ~6.916E-B2 -6.916E-B2
12 1.353E+86  4.97E-81 -1.403E-81 -1.483E-81
13 8.230E+B5  4.98E-81 -3.153E~-81 -3.153E-81
14 5.BARE+RS 5.81E-81 -5.178E-B1 ~5.178E-B1
15 3.93BE+@5 4.99E-81 -4.105E-81 -4.185E-81
16 1.840E+05 1.0P0E+08 -8.189E-B1 -B8.189C-81
17 6.769PE+24  1.8BE+00 ~3.433E-81 -3.433E-81
18 2.48BE+P4 1.8BE+08 ~1.914E-81 -1.914E-81
19 S.120E+93  1.80E+00 ~1.415E+98 -1.415E+09
28 3.359E+83  9.98E-91 ~-3.159E-81 -3.159E-81
21 1.275E+83 1.089E+928 ~4.783E-82 -4.703E-B2
22  4.549E+82 1.0BE+020 +3.894E-B2 -~3.B94E-B2
23 1.67RE+92  1.8BE+28 -2.874E-82 -2.87V4E-82
24 6.149E+01 9.99E-81 -2.356E-B2 -2.356E-82
25 2.26PE+81 9.93E-81 -1.5756~-82 -1.575E-82
26 B8.320E+99 1.09E+08 -8.983E~-B3 -8.987E-83
27 3.86PE+98@ 9.96E-B1 ~4.271E-B3 -4.271E-B3
28 1.139E+00 1.0BE+08 -1.592E~-83 -1.592E-83
29  4.140E-81 1.08E+080 -4.703E~-84 -4.7B7E-B4
30 1.528E-81 1.11E+928 -1.888E-84 -1.8B2E-B4
INTEGRAL -4,B67E+08 -4.867C+00

AN UNCERTARINTY ANALYSIS FOR THI1S CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRQCTIONRL RESPONSE UNCERTAINTY DUE TO XS-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE, (DELTA-R OVER R)- SOUQRE = (DR/R)SQ. = 3.216E-81
RELATIVE STANDARD DEVIATION DR/R = 5.671E-81
= 5,671E+81 PER CENT
em——




133

SENSIT SAMPLE 8. »FUSION RERCTORWECTOR-XS.SEN+UNCERT.*RUN?6 NI. FE, CU

FOR THE SUM OVER ALL PERTURBED ZONES.
THE NUMBER DENSITIES FOR THIS XS-PARIR ARE NDENI =

GROUP UPPER-E(EV}
1 1.780E+07
2 1.588E+87
3 1.358E+07
4 1.20BE+@7
5 1.800E+D7
6 7.798E+R6
7 6.B7BE+B6
8  3.6BBE+D6
9  2.B65E+86

18 2.232E+86
11 1.73BE+86
12 1.353E+86
13 8.239E+AS
14 5.80RE+AS
15  3.830E+85
16 1.848E+B5
1? 6.76BE+@4
18 2.48BBE+B4
19  9.§20E+83
28 3.358E+83
21 1.235E+83
22  4,549E+82
23  1.67BE+B2
24  6.140E+401
25 2.26BE+81
26  B.320E+08
27  3.86BE+29
28 1.138E+90
29  4.148E-81
39 1.528E-01

INTEGRAL

ook AN UNCERTRINTY ANAL
FRACTIONAL RESPONSE UNCERTRINTY DUE TO XS

(DELTR-R OVER R)-SQUARE

VARIANCE.

DELTR-U

1.25E-81
1.85E-81
1.18E-81
1.82E-81
2.58E-B1
2.49E-81
5.8BE-B1
2.50E-81
2.50E-B1
2.50E-81
2.58E-81
4.97E-81
4.98E-81
5.01E-81
4.99E-81
1.0BE+28
1.00E+PD
1.09E+00
1.00E+08
9.98E-A1
1.00E+00
1.0BE+00
1.00E+00
9.99E-81
9.99E-81
1.80E+20
9.96E-81
1.00E+00
1.89E+00
1.11E+20

P1(& P2(G)

8. 8.
-3.186E~-B1 ~1.449E-91
-1.871E-B1 -5.174E-B2
-3.735E~-82 ~1.915E-82
-2.211E~-82 ~-1.569E-82
-2.522E-82 ~1.477E-B2
~2.191E-82 -1.331E-82
-3.254E-82 -2.313E~-82
-4,448E-82 -3.254E-B2
-5.131E~-82 -4.226E-82
-6.916E-B2 -6.298E-82
~1.493E-B1 ~1.2GBE-81
-3.153E~81 -3.134E-81
~5.179E~B1 ~5.164E-81
-4,195E-81 -4.181E-81
-8.1R9%E~B1 -B.179E-81
-3.433E~81 -3.420E-81
~-1.9]4E-81 -1.898E-B1
-1.4]SE+98 -1.411E+99
-3.159E~-81 -3.122E-81
-4.703E~-82 -4.6B3E-B2
~3.994E-B2 -3.874E-82
-2.874E-B2 -2.844E-02
~2.356E~-82 -2.316E-92
~1.575E-82 ~1.532E-82
~8.983E-83 -B.584E-B3
-4.271E-83 -3.967E-B3
-1,592E~83 -1.414E-83
-4.783E-84 -3.892E-B4
-1.PBBE-B4 -7.1B7E-B5
-4.B67E408 -4.903E+00

RELATIVE STANDARD DEVIATION

- (DRR)SQ.
- DRR

Cr(ret, <)

Pttt
vox SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH 1D = 13
P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I11PHI = (R.PHI) =
WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
5.82000E-03 AND NDEN2 =

3.216E-81
5.671E-81

5.671E+81 PER CENT

5.02898E-83

YSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
—UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

1.12278E+04




ye

SENSIT SAMPLE S. *FUSIDN REQCTOF!‘WEC'IDR-XS.SEN+UNCERT.>YRUN?6: NI. FE. CU

P

Cr(et.) )

« SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 14
P1¢(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND HORMALIZED TO THE RESPONSE 11PHI = (R.PHI) =

HRNOOOY HOR

1.12273E+34

FOR THE SUM OVER ALL PERTURBED ZOMES. WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRENENT IN THE MODEL

THE NUMBER DENSITIES FOR THIS XS-PRIR ARE NDEN1 =

GROUP UPPER-E (EV)
1 1.769€E+07
2 1.ECOE-O7
3 1.350E+07
4 1.2GOE~Q7
5 1.0GRE+O7
6  7.79GS406
7 6.070E4D6
8  3.6E0E*LG
9 2.865E+03

18 2.232E+0C6
11 1.73CE406
12 1.353E+06
13 8.2ZBZ+05
14  5.0ZCE+@5
15 3.930C-+0S
16 1.840E+0S
17 6.760C+04
18 2.480S+04
19  S.120E+03
20  3.350E+03
21 1.235E403
22  4.5:05492
23 1.6705+D2
24  6.1<9E+01
25 2.268E-©l
26  B.320E+80
27  3.060E+00
28 1.120E+30
29  4.140g-01
30 1.520E-81

INTEGRAL

DELTA-U
1.25e-01
1.65E-01
1.16€E-01
1.826-981
2.50E-01
2.43E-01
5.GCE-01
2.53€-01
2.5CE-01
2.50E-01
2.56E-01
4,97E-01
4.286-01
5.81E-01
4, 99E-01
1.09600
1.00+350
1.06E-H0
1.08E-+00
9.98E-01
1.00E-:09
1.00E-99
1.06E+13
9.99E-01
9.99C-81
1.08E-+08
9.96E-81
1.0rE+09
1.80E--90
1.11E+00

FRACTIONAL RESPONSZ
VAR 1ANCE.

P1(G) P2(G)

0. 8.
-1.449E-81 -1.449E-81
-5.174E~-82 -5.1745-02
-1.915e~-02 -1.915E-02
-1.569E~-82° -1.569E-82
~1.477E~02 -1.477E-82
-1.321E~02 -1.331E-82
-2.313E~-92 -2.313C-82
-3.354E-82 -3.354E-82
-4.286E-02 -4.286E-02
-6.2968E~02 -6.29BE-02
~1.36BE-81 -1.366C-81
~-3.134¢E~01 -3.134Z-01
~5.164E-01 -5.164E-91
-4.101E-81 -4.101E-81
-3.173E~01 -8.179E-B1
~3.42NE~-01 -3.420E-081
-1.822E-01 -1.892E-01
-~1.411E+00 -1.411E+00
~-3.122E-01 -3.122E-81
-4,633%-02 -4.683E-92
~3.874E~-02 -3.6074C-02
-2,844E-82 -2.8445-82
-2.316C-02 -2.316E-02
-1.,532E~-82 ~1.532E-02
~8.534E~-83 -B.584E-83
~3.967E-03 -3.967E-B3
-1.414E-03 ~1.414E-05
-3.392E-84 -3.892E-84
~7.197E~05 ~7.1B7E-O5
~4.003E+80 -4.003E+88

5.082008E-83 AND NDENZ =

5.0266J:-83

fIN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING seoiilokciotioioicink

UNCERTAINTY DUE TO XS-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

(DELTA-N OVER R)-SQUARE = (DR/R)SAO.
RELATIVE STAIIDARD DEVIATION DR/R

3.216E-01
5.671E-01

5.671E+81 PER CENT
e




43

SENSIT SAMPLE S. >FUSICN REACTORWWECTOR-NS.SEN+UNCERT. *RUNTE: CR.(::) FE. CU

A (1, Frt )

P

Uskcioooioiapoinolooikeiuiooioino SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 32 setoiox

21¢G) AKD P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RGSPONSE I1PHI = (R.PHI) = 1.1227:C+04
ZOR THE €UM OVER ALL PERTURSED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL

THE NUIZER. DEXISITIES FOR 7HIS XS-PAIR ARE NDEN1 = 3.20000E-83 AND NDEN2 = 3.2¢B0hE-D3

GROUP UPPER-ECEV) DELTA-U P1(G) P2(G)

1 1.700E+07 1.25€-01 8. 0.

2  1.58CED7 1.956-81 ~2.299E-A1 -2.293E-01
3 1.350E+97 1.16E-01 ~7.793E-82 -7.793E-02
4 1.200Z407 1.82E-01 ~-2.722E-92 -2.722E-82
S 1.000E+37 2.S50E-131 ~1.580E-62 -1.9B0E-02
6 7.798E+06  2.49E-01 ~1.692E-02 -1.692E-02
7  6.07CE+B5  5.0CE-01 ~1.376E-82 ~1.3765-02
8 3.6ELZ405  2.5%0F-01 ~1.283E-82 -1.8832E-02
9 2.8€5E+05  2.53E-01 ~2.472E-02 -2.472E-02
10 2.2Z2EH)6  2.50%-¢1 ~3.00CE-82 -3.000E-D2
11 1.738E+06  2.80:-01 -4.501E-02 -4.301E-82
12 1.555E+05  4.97E-01 ~9.093E-02 -9.805E-02
13 2.2I0E+Q5 4.S2E-p1 ~1.9952-81 ~1.995E-01
14 S5.GIGE+S  5.01E-91 ~-4,126E~-01 - ~4,126E-01
15 3.030C+5 4. 93E -01 ~4.239C-01 -4.239t-01

16 1.840E+05 ~4.978E~-01 -4.970E-01
17 6.74D5+04 -3.614C-01 -3.614E-01
18 2.420E+04 -1.954E+00 -1.05<E+929

19 9.129E+03 l.UOEéﬁﬂ ~6.499~01 -6.409E-D1

20  3.350E+05  9.98E-DN1 ~-3.349E-01 -3.949E-81
21 1.235E+03 1.0GE+00 ~1.05€E-81 -1.8B56C-01
22 4,5<¢9E+02 1.00CE+09 ~7.55PE-02 -7.568E-02
23 1.670C+02 1.00E+00 ~7.188E-02 -7.1B0E-02
24 G.149E481 3.9:5-91 ~-5.908E-82 -5.9@BE-02
25 2.260E+01 9.%2E-01 ~3.936E-92 -3.936E-02
26 B.32624+090 1.00E+€0 ~2.222E-02 ~2.222E-02
27  3.06€0z+08 9.9GE-B1 ~1.839C-02 -1.839E-82
28  1.13Z0E00 1.GAE+00 ~3.768E-A3 -3.762E-03
29  4,.140E-01 1.608+09 ~1.057E-03 -1.967E-03
38 1.520E-01 1.11C+0 -2.162E-84 -2.162E-94
INTEGRAL ~3.9256+00 -3.985E+90
rosemoionik AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLDU!NG solotiekiojorsols

'RRCTlONdL RESPONSE UNCERTAINTY DUE TO ¥S-UNCERTAINTIES SPECIFIED IN THE COVARIAMCE MYTRIM FOR THlS 1D:

VARIANZE. (DELTA-R OVER R)-SOURARE = (DR/RISQ. = 3.454C-02
RELATIVE STAIIDARD DEVIATION = DR/R = l 853E-01

= 858H~0__PER CENT




9¢

SENSIT SAMFLE 8. *FUSION REACTORYVELTOR-XS5.SEN+UNCERT.*RUNTE: CR.(j:) FE. CU

M (o, el )

—A—
somiomiosecionoroRondor SENSITIVITY PROFILES FOR CROSS-SECTION PRIRS WITH ID = 23 ok ¥ KRNI
P1¢G) AND P2(G) PRE PER LETHARGY WIDTH DELTA-U AND NORMALIZED 'f0 THE RESPONSE I1PH1 = (R.PHI) = 1.12278Z+0%
FOR THE SUM OVER ALL PERTURRED ZOHES. WAERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
THE NUMSER DENSITIES FOR THIS ®X5-PAIR ARE NDEN1 = 3.20000E-83 AND NDEN2 = 3.208982-03

GROUP UPPER-E(EY) DELTR-U P1(G) P2(G)
1 1.709€+07 1,256-01 a. 8.
2  1.568z+07 1.85%-01 -1.1326-81 ~1.132E-01
3 1.350E+67 1.1BE-01 -4.053E~-02 -4.853E-02
4  1.266E+0Q7 1.82E-01 -1,493E-02 ~1.493E-82
5 1.900E+Q7 2.S50E-01 -1.149E-92 ~1.149E-02
6  7.790EG 2 49 -01 -9.993E-83 -9.998E-03
7 6.07CE+I6 C2-01 -9.011E-83 -8.811E-03
8  3.6ErEDG 2.50E-01 -1.158E-02 -1.1S0E-B2
9 2.86%+05 2.50:-81 -1.9126-02 -1.812E-02
10 2.232E+05  2.50E-01 -2.4156-02 -2.415E~-82
11 1.72BE+@5  2.50C-01 -3.9906-02 -3.820C-82
12 1.3S3E+98  4.97¢t-01 ~8.933C-B2 -8.9353E-02
13 8.230%+0S 4.93c-01 -1.984%-01 -1.984E-01
14 S.e%50E+85  5.01E-01 -4,111E-81 -4.111E-81
15 35.B30E+DS  4.92E-0] ~-4,2296-81 -4.2292-01
16 1.840E-H5 1.09E+09 -4.954C-01 -4,.9542-01
17  6.7COE=C4 1.ECE+30 -3.602E-B1 -3.602E-61
18 2.480E+04  1.B0C--09 ~-1.051E+80 -1.851E-00
19 9.1202+03 I.00E-+00 -6.490E-B1 -6.490E-81
29 3.350£+03  9.982-81 ~-3.941E-B1 -3.941E-81
21 1.235E+405 1.9GE-+C0 -1.05:4E-81 -1.0542-01
22 4.548E+02 1.0%E-+09 ~-7.541E-02 -7.541E-02
23 1.670Z+22 1.€0E+30 ~7.152E-92 ~7.152E-82
24  6.149%+01 9.9SE-01 -5.871C-B2 -5.871E-02
25 2.26OE+B61 9.93E-01 -3.893E-02 -3.895E-B2
26  B.320E-+CO 1.09E--00 ~2.185C6-02 -2.185E-82
27  3.0SCE+CB  9.S6E-01 -1.0106-02 -1.810E-82
28  1.130E+02 1.00E-+-09 -3.601C-03 -3.601C-03
29  4.149E-01 1.00E+00 -9.9116-04 -3.911E-04
28 1.5Z9E-81 1.11E+90 -1.8039%-B4 -1.803E-84
INTEGRAL ~-3.942E+00 -3.942E+80

x AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING x

FRACTIONAL PE°POHSE UHCEPTﬁlHTY DUE TO #S-UMCERTRINTIES SPECIFIED IN THE COVARIRNCE MQTRIX FOR THIS ID:

VARIANCE, (DELTA-R OVER R)-SQUARE = (DR/R)SO. = 2.6S7E-02
RELATIVE STRHDARD DEVIATION = DRAR = 1.642E-01
= 1.642C+01 PER CENT

——————




LE

SENSIT SAMPLE 8. »FUSION REACTORMVECTOR-XS.SEN+UNCERT.#*RUN76: CR, Nl.<:::>CU

R (W, 1¥)

/——-&q

SENSITIVITY PROFILES FOR CROSS~SECTION PAIRS WITH ID = 19

FolololojopioioiiolofotoloicloloRiololok
P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA~U AND NORMALIZED TO THE RESPONSE I11PH] = (R.PHI) =

FOR THE SUM OVER ALL PERTURBED ZONES.
THE NUMBER DENSITIES FOR THIS XS

GROUP UPPER-E(EV)
1 1.780E+07
2 1.580E+27
3 1.358E+07
4 1.2080E+07
5 1.880E+07
6 7.79BE+06
7 6.B7BE+06
8  3.68BE+B6
9 2.865E+86

18 2.232E+86
11 1.738E+06
12 1.353E+06
13 B.23BE+85
14  5.88BE+B5
15  3.838E+05
16  1.B40E+85
17 6.760E+B4
18 2.48BE+B4
19 9.128E+83
28 3.358E+83
21 1.235E+03
22 4.540E+82
23 1.67BE+B2
24 6.14BE+01
25  2.268E+81
26  B.320E+08
27  3.B6PE+D2D
28 1.138E+00
29  4.148E-81
38 1.528E-81

INTEGRAL

DELTR-U

1.25E-81
1.85€E-081
1.18E-81
1.82E-81
2.58E-81
2.49€E-81
5.88E-81
2.58E-81
2.58E-81
2.58E-81
2.58E-81
4.97E-81
4.98E-81
5.81E-81
4.99E-81
1.00E+008
1.00E+020
1.09E+020
1.00E+00
9.98E-81
1.808E+028
1.00E+028
1.0BE+B8
9.99E-81
9.99E-81
1.00E+028
9.96E-81
1.90E+90
1.00E+028
1.11E+00

%0 oo
FRACTIONAL RESPONSE U

VARIANCE.

~PAIR ARE NDEN1 =

P1(G) P2(G)

8. 8.
-1.285E480 -1.285E+98
-4.385E-B1 -4.385E-81
~1.524E-B1 -~1.524E-81
~1.125E-81 -1.125E-81
-9.881E~82 -9.8B1E-B2
~-8.128E-82 -B.128E-B2
-1.117E~81 -1.117E-B1
-1.527E-81 -1.527E-B1
-1.889E-81 -1.8089E-B1
-2.381E-81 -2.381E-B1
-4.558E-B1 -4.55BE-81
~-1.144E+08 -1.144E+99
~2.163E+08 -2.163E+08
-1.485E+88 ~1.485E+08
~-2.83BE+00 -2.B3B8E+08
~2.24BE+00 -2,240E+09
~4.877E-B1 -4.877E-D1
~2.201E+00 -2,.201E+09
~-1.032E+08 -1.832E+08
-3.539E-81 -3.539E-81
~2.79BE-B1 -2.7PBE-A1
~-2.646E-B1 -2.646E-81
~2.171E-81 -2,171E-B1
~1.445E-81 -1,445E-81
~8.148E-82 -B.148E-82
~3.803E-82 -3.8B3E-B2
~1.,378E-82 -1.37BE-B2
-3.891E-83 -3.891E-83
~7.813E-84 -7.8B13E-04

T =1.242E401 ~1.242E+401

(DELTA-R OVER R)-SQUARE = (DR/R)SQ. =
RELATIVE STANDARD DEVIATION

= DR/R

=

AN _UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
NCERTARINTY DUE TO XS-UNCERTARINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

B8.177E-83

9.943E-922

9.943E+88 PER CENT
———

1.89886GL-82

1.12278E+84

WHERE B0TH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
1.8980BE~-B2 AND NDEN2 =




8¢

SENS1T SAMPLE 3, *FUSION REACTORAVECTOR-¥S.SEN+UNCEPT.*RUN7E: CR. Nl.CU

Fe (frt, 22)

e s,
* SENSITIVITY PROFILES FOR CROSS~SECTION PAIRS WITH ID = 28
P1(G) AND P2(G) ARE PER LETHAPGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I1PHI = (R.PHI) = 1,12278E+24
FOR THE SUM OVER ALL PERTURBED ZOMES. WHERE BOTH CROSS SECTINNS WITH THIS 1D ARE PRESENT IN THE MODEL
THE NUMBER DENSITIES FOR THIS XS-PRIR APE NDEN! = 1.890ABR-82 AND NDENZ2 = 1.838BBE-B2

GROUP UPPER-E(EY) DELTR-U P1(G} P24G)
1.780E+B7 1.256-81 8. 0.
2 1.589E+07 1.856-81 ~1.285E+08 -5.857E-81
3 1.358E+07 1.18E-81 ~-4.385e-81 -2.855E-81 .
4 1.20BE+07 1.82E-01 ~1.524E-B1 -7.660E-B2
5 1.88BE+B7  2.5BE-81 ~1.125E-B1 -6.874E-82
6 ?.79BE+06 2.49E-81 ~9.881E-B2 -5.5B6E-B2
7 6.878E+06  5.8BE-B1 ~8.128E-82 -4.740E-B2
8 3.6B0E+P6 2.50E-81 ~1.117E-81 -7.245E-82
9 2.865E+P6 2.5BE-81 ~-1.527e-81 -1.111E-81
18 2.232e+96 2.5BE-B1 ~1.889e-B1 ~1.313E-81
11 1.738E4+96  2.5BE-81 ~2.381E-B81 -1.823E-81
12 1.353E+96 4.97E-81 ~-4.558E-B1 -4.813E-81
N3 B.23BE+@S  4.98E-B1 ~1.144E+00 -1.142E+08
14 5.88BE+@5 5.81E-81 ~2.163E+00 -2.161E+0809
15 3.838E+@5 4.99E-81 ~1.485E+00 -1.483E+00
16 1.848E+05 1.00E+00 ~2.838E+80 -2.B33E+00
1?7 6.760E+B4 1.BBE+20 ~2.249E498 -2.236E+00
18 2.480E+@4 1.BBE+20 ~4.877E-B1 -4.865€-81
19  9.120E+83 1.00E+00 -2.201E+PB -2.198E-+008
20  3.358E+@3  9.98E-81 ~1.932E+08 -1.B31E+08
21 1.235E+03 1.80E+00 ~3.539E-81 -3.451E-81
22  4,548E+02 1.8BE+20 -2.708E-81 -2.694E-81
23 1.67BE+22 1.80E+00 ~2.646E-B1 -2.638E-81
24 6.149E+01 9.99E-B1 ~2.171E-81 -2.168E-81
25 2.26BE+91 9.99E-B1 ~1.445E-81 -1.431E-81
26 B8.320E+99 1.80E+20 ~B.148E-82 -B8.824E-82
27 3.P6PE+98 9.96E-B1 ~-3.803E-B2 -3.7@9E-82
28 1.138E+00 1.0BE+20 ~1.378E-B2 ~1.322E-82
29  4.1490E-81 1.0BE+20 ~-3.891E-83 -3.639E-83
39 1.528E-81 1.11E4908 ~7.813E-84 -6.641E-84
INTEGRAL ~1.242E401 -1.216E+81

N UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING owiomkioioloiciolioloioiololornk

AopiciioRolIoIcIOIEK A
FRACTIONAL RESPONSE UNCERTRINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTR-R OVER R)-SOURRE ] (DP/R)SO = B.175E-83

RELATIVE STANDARD DEVIATION DR/R = 9.842E-82
= 9.842E+99 PER CENT

-}




6€

SENSIT SAMPLE 8. xFUSION REACTORXVECTOR-XS.SEN+UNCERT.®RUN?G: CR, NI.C::D cu

R (X, =€)

SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 22 Nololofolofolok

P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I{PHI = (R,PHI) =
FOR THE SUM OVER ALL PERTURBED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS 1D ARE PRESENT IN THE MODEL

THE NUMBER DENSITIES FOR THIS XS~PRIR ARE NDEN1 =

GROUP UPPER-E(EV)
1 1.788E+07
2 1.588E+07
3 1.358E+07
4 1.200E+07
5 1.808E+07
6 7.79BE+B6
7  6.870E+06
8  3.68BE+06
9  2.B65E+B6

18 2.232E+86
11 1.738E+06
12 1.353E+06
13 B.238E+B85
14  5.880E+05
15 3.838E+85
16 1.840E+05
17  6.76BE+04
18 2.488E+84
19 9.120E+03
28 3.358E+83
21 1.235E+03
22  4.549E+82
23 1.670E+02
24 6.140E+401
25 2.26BE+D1
26 B.320E+90
27 3.86BE+0D
28 1.130E+00
29 4.148E-81
30 1.528E-81

INTEGRAL

DELTAR-U

1.25E-081
1.85E-81
1.18E-81
1.82E-81
2.58E-81
2.49E-81
5.88E-01
2.58E-81
2.58E-81
2.58E-81
2.58E-81
4.97E-81
4.98E-81
5.01E-81
4.99E-81
1.80E+00
1.0BE+20
1.0BE+20
1.0BE+08
9.98E-81
1.08E+08
1.00E+08
1.00E+00
9.99E-81
9.99e-81
1.08E+20
9.96E-81
1.9BE+28
1.00E+09
1.11E+09

8Pl(G) P2(G)

. a.
~5.857E-81 ~5.857E-81
~2.855E-81 ~2.855E-81
~7.660E-B2 -7.66BE-B2
~6.874E-82 -6.874E-B2
~5.586E~82 -5.586E-82
~4.740E-B2 -4.740E-02
~7.245E-B2 -7.245E-82
~1.111E-81 -1.111E-B1
~1.313e-81 -1.313E-81
~1.823E-81 -1.823E-81
~4,813E-81 -4.813E-81
~1.142E+00 -1.142E+00
-2.161E490 -2.161E+00
~1.483E+00 -1.483E+08
~2.833E+90 -2.833E+08
~2.236E+00 -2.236E+00
~4.865E-81 -4.B65E-81
~2.198E+08 -2.198E+00
~1.831E+08 -1.831E+00
~3.451E-B81 -3.451E-81
~2.694E-B81 -2.694E-B1
~2.638E-B81 -2.63BE-B1
~2.168E-B] -2.16BE-B1
~1.431E-81 -1.431E-81
~8.824E-82 -B.B24E-B2
~3.789E-B2 -3.789E-B2
~1.322E-82 ~1.322E-82
~3.639E-B3 -3.639E-03
~6.641E-84 -6.641E-B4
~1.216E+01 -~1.216E+01

1.89002E~-92 AND NDEN2 =

AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING

1.89080E-82

1.12278E+84

FRACTIONAL RESPONSE UNCERTARINTY DUE TO XS-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE, (DELTA-R OVER R)-SQUARE = (DR/R)SQ.

RELATIVE STANDARD DEVIATION

= DR/\R

8.258E~-83
9.887E-A2

9.887E+88 PER CENT
b= —




0%

SENSIT SAMPLE 8, *FUSION REACTORXECTOR-XS.SEN+UNCERT.*RUN76: CR. NI, FE.(::)

ok

Con (4, Tot)

P e
Holok SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 37
P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I1PHI = (R,PHI) =

1.12278E+A4

FOR THE SUM OVER ALL PERTURBED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE FDDEL

THE NUMBER DENSITIES FOR THIS XS-PAIR ARE NDEN1 =

GROUP UPPER-E(EV)
1 1.780E+27
2 1.500E+27
3 1.358E+@7
4 1.20BE+@7
5 1.888E+27
6 7.79BE+26
7  6.878E+R6
8  3.6B88E+06
9  2.B65E+86

18 2.232E+06
11 1.73BE+26
12 1.353E+86
13 8.238E+85
14 5.880E+BS
15 3.838E+8S
16 1.840E+05
17 6.768E+24
18 2.480E+04
19 9.120E+03
20  3.358E+03
21 1.235E+03
22  4.549E+82
23 1.670E+B2
24 6.140E+81
25 2.26BE+B1
26  B8.320E+00
27  3.960E-+00
28 1.130E+28
29  4.140E-81
38 1.528E-81

INTEGRAL

VARIANCE.

DELTR-U

1.25e-81
1.85E-81
1.18E-81
1.82E-81
2.58E-81
2.49E-81
5.80E-81
2.58E-81
2.58E-81
2.58E-81
2.50E-81
4.97E-81
4.98E-81
5.81E-81
4.99E-81
1.00E+08
1.00E+028
1.00E+08
1.80E+08
9.98E-81
1.80E+00
1.80E+080
1.80E+08
9.99e-81
9.99e-81
1.80E+08
9.96E-81
1.80E+00
1.80E+00
1.11E+88

Sororicioctololiololoioiok AN UNCERTAINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRACTIONAL RESPONSE UNCERTAINTY DUE TO XS-UNCERTRINTIES

(DELTA-R OVER R)-SQUARE = (DR/R)SQ.

8Pl(G) aPZ(G)
~-3.156E+08 -3.156E+00
~1.06BE+00 -1.B6BRE+PD
~3.698E-81 ~3.698E-B1
~2.651E-81 -2.651E-81
~2.220E-B81 -~2.22BE-B81
~1.781E-81 -1.781E-B1
-2.379E-81 -2.379E-81
~3.894E-81 -3.894E-B1
~3.878E-B1 -3.870E-B1
~5.172E-81 ~5.172E-A1
~1.172E+08 -1.172E+00
~2.950E+08 -2.958E+09
~5.873E+08 -5.873E+00
~3.998E+08 -3.998E+09
~6.875E+08 -6.875E+00
~4.462E+90 -4.462E+00
~5.17BE+#8 -5.170C+00
~6.729E+08 -6.729E+80
~5.885E+08 ~5.885E+009
~7.186E-B1 ~7.1B6E-B1
~3.826E-B1 ~3.826E-B1
~-4.938E-81 -~-4.838E-81
~-3.549E-81 -~3.549E-81
~2.423E-81 -2.423E-81
~1.335E-81 -~1.335E-81
~6.314E-82 -6.314€E-82
~2.324E-82 ~2.324E-82
~6.719E-83 -6.719E-83
~1.452E-83 ~1.452E-83
~3.836E+01 -3.836E+01

RELATIVE STANDARD DEVIATION

= DR/R

4.8798BE-A2 AND NDENZ2 =

4.87000E-82

SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

6.769E-82
2.602E-81
2.602E+01 PER CENT
———_____




Iy

SENSIT SAMPLE 8, »FUSION REACTORAKVECTOR-XS.SEN+UNCERT.®RUN76: CR. NI, FE<:::>

SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 38

G (%, 2€)

P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I1PHI = (R.PHI) = 1.12278E+84

FOR THE SUM OVER ALL PERTURBED ZONES.
THE NUMBER DENSITIES FOR THIS XS-PAIR ARE NDEN1 =

GROUP UPPER-E(EV)
1 1.708E+07
2 1.588E+87
3 1.358E+87
4 1.280E+07
5 1.889E+27
6 7.79BE+06
7 6.B7BE+D6
8  3.68BE+B6
9 2.B65E+P6

18 2.232E+P6
11 1.73BE+086
12 1.353E+86
13 B.23BE+85
14  5.888E+B5
15 3.83BE+B5
16 1.840E+85
17 6.76BE+24
18 2.480E+04
19 9.128E+83
28 3.358E+83
21 1.235E+83
22  4.54BE+82
23 1.67BE+02
24 6.14BE+01
25 2.26BE+01
26  B.320E+89
27  3.P6PE+88
28 1.138E+020
29  4.14BE-B1
38 1.520€E-81

INTEGRAL

DELTAR-U

1.256-081
1.85E-81
1.18E-81
1.82E-081
2.58E-81
2.49E-81
5.08E-B1
2.58E-81
2.58E-81
2.58E-81
2.58E-81
4.97E-81
4.98E-81
5.81E-81
4.99E-81
1.88E+08
1.90E+00
1.09E+00
1.00E+00
9.98E-81
1.00E+0808
1.00E+00
1.0BE+P0
9.99E-81
9.99E-81
1.00E+00
9.96E-91
1.09E+PD
1.00E+00
1.11E+90

AN UNCERTAINTY ANALYS1S FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING

FRACTIONAL RESPOMSE UNCERTRINTY DUE TO XS-UNCERTRIMTIES
(DELTR-R OVER R)-SQUARE = (DR/R)30.

VARIANCE.

P1(G) aPZ(G)

8. .
~3.156E+080 -1.47BE+00
~1.B6BE+28 -5.142E-B1
~3.698E-B1 ~1.861E-B1
~2.651E-81 -1.439E-81
~2.220E-B1 -1.261E-01
~1.781E-B1 -1.919E-D1
~2.379E-B1 ~1.3B85E-B1
-3.894E-B1 -1.985E-81
~3.878E-01 -2.536E-B1
~5.172E-81 -3.849E-B1
~-1.172E+980 -1.8B62E+00
~-2.950E+90 -2.923E+99
~-5.873E+98 -5.856E+00
~-3.998E+00 -3.983E+00
~6.875E+08 -6.95BE+0D
~4,462E+08 -4.439E+00
~-5.17BE+@8 -5.129E+80
~6.729E498 -6.629E+00
~5.885E+98 ~5.773E+00
~7.1B6E-B1 -6.182E-B1
~3.826E-B1 -3.784E-D1
-4.838E-B1 -4.812E-81
~3.549E-81 -3.513E-B1
~-2.423E-81 -2.3B82E-B1
~1.335E-81 -1.296E-B1
-6.314E-82 -6.917E-22
~2.324E-82 -2.14B8E-B2
~6.719E-83 -5.3916E-B3
~1.452E-83 -1.979E-B3
-3.836E+01 -3.735E+91

RELATIVE STANDARD DEVIATINN

= DR/

WHERE BOTH CROSS SECTIONS WITH THIS 1D ARE PRESENT IN THE MODEL
4.97980E-A2 AND NDEN2 = 4.8708PE-B2

SPECIFIED IN THE COVARIANCE MATRIX FOR THIS 1D:

65.682E-82
2.585E-A1
2.585E+81 PER CENT
3

L




(44

SENSIT SAMPLE B8, FUSION REACTORXVECTOR-XS.SEN+UNCERT.*RUN76: CR, NI. FE<:::>

624.(3&43‘44!)
P
SENSITIVITY PROFILES FOR CROSS~SECTION PRIRS WITH ID = 39

P1(G) AND P2(G) ARE PER LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I11PHI = (R.PHI) = 1.12278E+84
FOR THE SUM OVER ALL PERTURBED ZONES. WHERE B80TH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
THE NUMBER DENSITIES FOR TH1S XS-PAIR ARE NDEN1 = 4.8798BE-B2 AND NDEN2 = 4,97898E-B2

GROUP UPPER-E(EY) DELTAR-U P1(G) P2(G)
1 1.780E+B7 1.25E-81 8. 8.
2 1.500E+07 1.85E-81 ~1.478E+08 -1.47BE+00
3 1.358E+07 1.18E-B1 ~5.142E-81 -5.142E-01
4  1.200E+07 1.82E-81 ~1.861E~-81 -1.861E-81
5 1.099E+07  2.SBE-81 ~1.439E-81 -1.439E-81
6 ?.798E+P6 2.49E-81 ~1.261E-81 -1.261E-81
7?7 6.87BE+B6 5.80E-B81 ~1.8i9E-B1 -1.819E-A1
8 3.68BE+B6 2.5BE-81 -1.385e-81 -1.385E-81
9 2.B6SE+86  2.5BE-B81 ~-1.9835E-A1 ~1.985E-A1
18 2.232E+96  2.58E-B1 ~2.596E-B1 -2.596E-081
11 1.73B8E+06  2.5BE-B81 ~3.849E-B1 -3.8B49E-01
12 1.353E+06  4.97E-91 ~1.962E+08 -1.962E+08
13  B.23BE+@S  4.98E-91 ~2.923E+08 -2.923E+08
14 5.888E+@S5 5.01E-81 ~-5.856E+08 -5.B56E+09
15  3.838E+@S5 4.99E-81 ~-3.983E+00 -3.983E+00
16 1.840E+85 1.00E+028 ~6.85BE+00 -6.850E+29
17 6.760E+B4  1.08E+00 ~4.439E+08 -4.439E+00

18 2.48BE+24 1.89E+B0 ~5.129E+88 -5.129E409
19 9.128E+93 1.89E+28 -6.629E+08 -6.629E+00

20 3.359E+83  9.9BE-81 ~5.773E+88 ~5.773E+09
21 1.235E+83 1.09E+28 -6.182E-81 -6.182E-81
22 4.540E+482 1,8BE+BB -3.784E~-81 -3.7B4E-B81
23 1.670E+82 1.89E+08 -4.012E-81 -4.812E-81
24 6,140E+B1  9.99E-81 ~3.513E-81 -3.513E-81
25 2.26BE+B1  9.99E-81 -2.382E-B1 -2.382E-81
26 B.320E+00 1.00E+08 ~1.296E-B1 -1.296E-81
27 3.86PE+98@ 9.96E-81 -6.817E-82 -6.917E-02
28 1.130E+08 1.08E+08 -2.148E-82 -2.148E-02
29  4.148E-81 1.008E+08 -5.916E~-83 -5.916E-83
30 1.529E-81 1.11E+09 -1.879E~-83 -1.979E-03
INTEGRAL ~-3.735E+01 -3.725E+01 A

o AN UNCERTAINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING
FRACTIONAL RESPONSE UNCERTARINTY DUE TO XS~UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VARIANCE. (DELTA-R OVER R)-SQURRE = (DR-R)SO. = 6.626E-82
PELATIVE STANDARD DEVIATION = DP/R = 2.574E-81
= 2.574E+491 PER CENT
L
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TNS(PGFR) XS-SENS.-RANALYSIS FOR R3=TF-COIL KERMA »ook SHIELD * 175: H.Oé::>

P6 (11, t-)

P
SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH 1D = 48 x
Pl'G) AND P2(G) ARE PEP LETHARGY WIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I11PHI = (R.PHI) =

1.12278E+24

FOR THE SUM OVER ALL PERTUFRC:ED Z0lMES. WHERE B8OTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL

THE NUMBER DENSITIES FOR THIS XS-PAIR ARE NDEN1 =

GPOUP UPPER-E (EV)
1. 7BBE+A7

2 1.500E+27
3 1.350E+407
4 ).200E+97
5  1.809E+87
6 7.799E+06
7  6.979E+06
8  3.680E+06
9  2.865E+96
10 2.232E+06
11 1.738E+06
12 1.353E+86
13 B.23BE+85
14 5.900E+05
15 3.830E+85
16 1.84BE+B5
17 6.7GBE+a4
18 2.48B0E+04
19 9.129E+83
26 3.350E+@3
21 1.2356+03
22 4.540E+A2
23 1.679E+02
24 6.140E+01
25  2.268E+91
26  8.320E+90
27  3.RE0E+00
28 1.120R+09
29 4.140E-91
728 1.520E-91

INTEGRAL

DELTA-U
1.25E-081
1.85E-91
1.1BE-A1
1.82E-91
2.59E-81
2.49E-81
5.09E-91
2.59E-81
2.50E-81
2.50E-81
2.5AE-B1
4,.97c-81
4.98E-91
5.01E-91
4.95E-91
1.08C+08
1.B9E+7D
1.98E6+08
1.09r+29
9.5R~B1
1.09E+98
1.87E+28
1.89E+929
9.93:-81
9.99E-81
1.89E+0D
9.96E-81
1.88F+89
1.80C 128
1.11C+99

#iok AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING

aPl(G) P2(G)

~5.691E481 -5.691E+01
~1.86NE+81 -1.B6ME+B1
~2.945E+498 -2.945E+00
~1.725E+088 -1.725E+89
~1.380E+28 -1,388C+00
~9.197E-81 -9.193E-A1
~1.978C+28 -1.A7BE+0@
~1.206E+80" -1.206E+90
~9.987E-B! -9.907E-B1
~9.497E-B1 -9.497E-91
~1.827E+08 -1.827E+08
~1.151E+08 -1.151E+00
~7.689E-81 -7.689E-B1
-6 733E-81 -6.793E-N1

4,9722E-81 -4.932E-01
-3 103E-81 ~3.183E-A1
~2.152E-B81 -2.152E-81
~1.631E-B1 -1.691E-A1
~1.33AE-B1 -1.35BE-01
~7.596E-92 -7.506E-02
~3.312E-82 -3.312E-02
~2.624E-92 -2.624E-A2
~-6.669E-B3 -6.665E-93
~-6.952E-84 -6.052E-R4
~4,239E-84 -4.239E-14
~2.883E-B3 -2.833E-03
~2.935e-83 -2.035E-B3
~1.1592E-B83 -1.158E-B3
~7.773e-94 -7.773E-B4
-1.336E481 ~1.336E481

3.92098BE-B2 AND NDENZ2 =

3.93098E-B2

FRQCTIONRL PESPONQE UNCERTAINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS ID:

VAR 1ANCE.

(DELTA-R OVER R)-SQUARE = (DR/R)SQ.

PCLATIVE STANDARD DEVIATION

PR/R

7.489E-922
2.737E-01

2.737E+D1 PER CENT
=




K&

TNS(PGFR) ¥3-SENS

.~FNALY3IS FO2 R3TF-COIL KERMA o SHIELD » 175: H.0{)

Ay
ooompeovoiiny SENSITIVITY PROSILES FOR CROSS-SECTION PARIRS WITH ID = 49
P1(G) AND P2(G) PRE PER LETHIERGY UIDTH DELTA-U AND NORMALIZED TO THE RESPONSE I1PHI = (R.PHI) =
FOR THE SUM OViR ALL PERTURBED ZONES. WAERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODEL
THE NUMBER DENSITIES FOR THIS XS-PAIR ARE NDEN1 =

GROUP UPPER-C (EV)
1

1 . 7GOE+3?
2 1.5002+407
3 1.380E+07
4 1.200E457
S  1.060E-07
6 7.79GE=0%
? 6.070C+85
8  3.680C+85
9 2.865E+36
18 2.252E+05
11 1.7352+05
12 1.353E+06
13 B.230E<ES
14  5.0LC6E+CS
1S 3.8z0E+35
16 1.840E+35
17 6.760C+0<
18 2.4S0E+04
19 9.126E-J3
28 3.3505+93
21 1.235E403
22  4.540E+02
23  1.670EQ2
24  6.146E+01
25  2.2€PE+1
26 8.320E+09
27  3.0SGE-E0
28 1.130E-:00
29  4.14GE-01
39 1.5205-01
INTEGRAL

DELTA-U

1.25e-31
1.05e-01
i.13E-01
1.82E-01
2.50E-01
2.49E-01

momoropit AN UNCERTAINTY ANALYSIS FOR THIS CROSS-SECTION PARIR YIELDS THE FOLLOWING ok
FRQCT!OHRL RESPONSE UNCERTAINTY DUE TO #S-UNCERTRINTIES SPECIFIED IN THE COVARIANCE MATRIX FOR THIS lD'

VARIANCE. (DELTA-R
RELATIVE STnHDnRD "DEVIATION

P1(3) P2(G)

a. 8.
~5.631E+31 -3.856E+01
~1.056C-91 -5.565E400
~2.945E+00 -1.533E+00
~1.725E+00 -9.106E-01
~1.386E+@8 -8.129E-81
~2.193E-81 -6.331E-81
~1.0722+08 -8.88SE-91
~1.206E+80 -1.872E+08
~3.907E-81 -8.953E-01
~9.437E-01 -B.784:-01
~1.027E408 -9.787E-B1
~1.151E+00 -1.143E+08
~7.689E-B1 -~7.6B3C-81
~6.793E-81 -6.79GE-01
-4,9352E-81 -4,930C-01
-3.103E~-81 -3.101E-81
~2.152E-81 -2.151E-01
-1.691E~-81 -1.691E-01
~1.35%E-01 -1.341C-81
~7.5Q6E-62 ~7.505E-02
~3.312E-82 -3.311E-82
~2.624C-B2 -2.623E-02
~6.665E-A3 -6.663E-03
~6.052E-84 -6.848E-04
~4,2396-84 -4.234C-04
~2.833E-83 -2.877E-B83
~2.935E-03 -2.829E-03
~1.156E-03 -1,145E-03
~7.773E-924 -7.676E-84
~1.336E+01 -9.837E-+68

? OVER R)-SQUARE = (DR/R)SQ.

= DR/R

Ph (A, L)

3.93000E~-82 AND NDENZ =

7.489E-82
2.737E-81

2.737E-81 PER CENT

3.93080E-02

1.12276E+04

....... datan =
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TNS(PGFR) XS-SGHS.~ANALYSIS FOR R3=T7-COIL KERMA #okk SHIELD % 175: H.o¢W )

Pé (L., 2L.)

P S
P o oacaeTRmsnoenor SENSITIVITY PROFILES FOR CROSS-SECTION PAISS WITH ID = 51 xowomk oK
P1(G) NND P2(G) FRE PER LEYHARIY WIDTH DELTA-U AND MORMALIZED TO THE RESPONSE 11PHI = (R.PHI) = 1,122¢SE:04
FOR THE SUM OVER ALL PERTURBED ZOMES. LMERE ROTH CROSS SECTIONS WITH THIS 1D ARE PLESEMY IN THE MODEL
THE NUM3ER DENSITIES FOR THIS XS-PAIR ARE NDEN1 = 3.95006E-02 AND NDEN2 = 3.929¢dcE-02

GROUP UPPER-G(EV) DELTA-1J P1(G) P2(G)

1 1.700E+7 1.25E-01 2. e.
2 1.500E+07 1.85E-01 -3.056E+01 ~3,05G6E+D1
3 1.350E+07 1.18E-01 -5.5G5E+00 -5.565E+00
4  1.200C+C7 1.82E-91 ~-1.533£+03 -1,533E+00
5 1.090E+07  2.50%-01 -9.10GE~-01 -9.196E-01
6 7.790E+CE  2.43E-R1 -8.122E-81 -8B, 129E-B1
7 6.070C+06  5.00E-B1 ~-6.331E-81 -6.331E-81
8  3.68@I4A5  2.50E-01 -3.2085E-01 -B.385E-01
9 2.B65E+S6  2,.56E-01 ~-1.072E+98 -1.072E+00
18 2.202E405  2.5RE-91 -8.955E-91 -B8.952E-01
11 1.73SE+486 2.50:-81 ~8.7345-81 -8,784E-01
12 1.353E+06  4.97C-01 ~9.737E-81 -3.7387E-01
13 B.232EY5 4.S55-91 ~1.143E+280 -~1.143E400
14 5.650e+6S S5.01E-01 ~7.583E-01 -7.682E-01
15 35.036E+95  4.93€-61 -6.730E-B81 -6.790E-01
16 1.B45E+405 1.G0E+00 ~4.930E-91 -4,930E-81
17 S.760E+04  1.00z:09 -3.191E-61 -3.101E-91
18 2.4FQE+04  1.06e400 -2,151E-91 -2.151E-91
19 9.12G6E03 1.00C+03 ~-1.691E-01 -1.691E-D1]
20  3.5YCE4B3  9,.92E-B1 ~1.541E~01 -1.3541E-01
21 1.23SE+03 1.00Z+00 ~7.505E-02 -7.50SE-02
22 4.549E+02 1.00E400 ~3.3211E-02 -3.311E-02
23 1,E67EE+92 1.09E-008 ~2.623E-02 -2.622E-02
24  6.149e+01 9.99E-91 ~6.663E-03 ~6.663E-B3
25  2.260E+01 9.99E-01 ~-G.043E~-04 -G.B4RC-04
26  8.3zZ6t+69 1.83E+008 ~3.234E-04 -4,2345-94
27  3.6860E+8  9,.SsE-g1 ~2.877E-03 -2.877E-03
28 1.130E+00 1.00E+00 ~-2.029E-03 -2.829E-03
29  4.149E-01 1.86E+n0 -1.145E-83 -1, 145E-03
38 1.520z-01 1.11E+08 ~7.67GE-B4 -7.676E-84
INTEGRAL -9.037E+99 -9.8BB7E+00

ook AN UNCERTRINTY ANALYSIS FOR THIS CROSS-SECTION PAIR YIELDS THE FOLLOWING Ok IR %K

FRACTIONAL RESPONSE UMNCERTAINTY DUE TO XS-UNCERTAINTIES SPECIFIED IN THE COVARIANCE MATR1X FOR THIS ID:

YARIANCE. (DELTA-R OVER R)-SQUARE = (DR/R)S0. = 1.161E-81
RELATIYE STANDARD DEVIATIAN = DR/R = 3.407E-01
= 3.407E+01 PER CENT
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TNSC(PGFR) ¥3-0INS.-AXALYGIS FOR NT=Tr-COIL KEMMA »=cx SHIELD x 175: H.D(EL)

Ph (ot url )
A

soporeNooplcrDaeony SENSITIVITY PROFILES FOR CROSS-SECTION PAIRS WITH ID = 53 xor X

P1(G) AND PZ(GY ANE PER LETHANGY WIDTH DELTAR-U AND HORMALIZED TO THE RESPONSE 11PHI = (R,PHI) = 1.12278E+04
FOR THE SUM OV=R ALL PERTUREED ZONES. WHERE BOTH CROSS SECTIONS WITH THIS ID ARE PRESENT IN THE MODZL
THE NUIBZR DENSITIES FOR THIS XS-PAIR ARE NDEN1 = 3.9300GE-02 AND NDEN2 = 3,93000E-02

GROUP UPPER-E(EY)Y DELTR-U P1(G) P2(G)
1 1.76GE+Q7 1.25%E-91 9. 8.
2 1.500E+07 1.0SE-01 ~3.727E4Q0 ~3.727E+00
3 1.356E+07 1.13E-01 ~9,431E-01 -9.491E-01
4  1.260Z+97 1.82E-01 -5.141E~-81 -5.141E-81
5 1.060E+07  2.S50E-01 -G.059E~01 -6.659E-91
6 7.7S0E<CG  2.49E-01 ~5.67¢3E-01 -5.673E-81
7 6.070E+06 5.80=-01 -2.861E-01 -2.861E-081
8 3.68€t+06  2.SDE-B1 -1.898E~-61 ~1.890E-B1
9 2.865C+06 2.555-01 -1.343E-81 -1,343E-01
18 2,232E+06  2.55:-01 ~3,527E-82 -9.527E-02
11 1.7286+J6  2.5GE-01 -7.105E~-02 -7.105E-02
12 1.353E+36  4.97C-01 -4,8142-02 -4.8142-82
13 98,233E<05  4.938-01 @ ~7.434E-83 -7.484E-083
14 S5.090CE+05 5.01C-01 . 2.
15 3.836E+95  4.99:-01 8. a.
16 1.843E+0S5 1.002-+00 8. - a.
17 6.7G0E+94  1.05E<80 8. 8.
18 2.4R0E+04 1.00E+00 8. 8.
19 9.1202+403 1.60E-00 8. 8.
28 3.3%50CH35  9.23E-0) n. 8.
21 1.235E+83 1.805:00 a. 8.
22  4.540E+02 1.06E+32 2. 8.
23 1.670E-02 1.005-+00 8. 8.
24 6.140E+01 9.93C-01 a. 8.
25 2.260C+G1  9.93E-01 8. a.
26  8.320E+0J 1.00E-G0 8. 8.
27  3.868E-CO  9.96E-U1 8. 8.
28 1.130E+08 1.065-100 8. 8.
29  4.140E-81 1.00E-90 a. 8.
30 1.520z-01 1.11E+09 a. 9.
INTEGRAL ~1,184E+00 ~1.1B4E+08

X DRIICC! »oo% AN UNCERTRINTY: ANALYSIS FOR THIS CROSS-SECTION PRIR YIELDS THE FOLLOWING xoox
FRACTIONAL RESPOMSE UMCERTAINTY DUE TO $S-UNCERTAINTIES SPECIFIED IN THE COVARIAHCE MATRIX FOR THIS ID:

VERIANCE, (DELTA-R OVER R)-SOURRE = (DR/R)SQ. = 2.792E-02
RELATIYE STANLARD DEVIATION = DR/R = 1.671E-81
= 1.671E+01 PER CENT

———
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APPENDIX B

The following 11 tables are feproduced from the SENSIT printout of our SED
uncertainty analysis for those cases where the response uncertainties exceed 10%.
The title lines are self expalanatory and the nomenclature coincides with that
used in the theory section (Sec. II) of the text. Only for the first case (Cu
in TF+F coils for response function Rl) the detailed neutron cross-section and
SED sensitivity profiles are also reproduced. The gamma ray sensitivity pro-
files are all zero for this case because R1 is a dpa cross-section which has
no gamma ray component.

47
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TNS(PGFR) XS-SENS.~ANAL. FOR DPA-ADJOINT *TF+E COILS* ISESED: CR.NI.FE@

Notiolofolo 2 SED UNCERTRINTY ANALYSIS
MED IAN INTEGRAL HOT INTEGRAL COLD INTEGRAL NET INTEGRAL RESPONSE UNCERT.
G-0UT SED-UNCERT. SENS. COEFF. SENS. COEFF. SED SENS.-COEFF. DR/R
OF SED F S~HOT S-COoLD S DUE TO SED-UNCERT.
G-IN (FROM INPUT) (FROM INPUT) (SHOT - SCOLD) (F % S)
1 8 .1108 8. 8. 8. 2.
2 8 . 1089 1.818E-81 7?.677E-B2 1.842E-81 1.842E-82
3 e . 1809 6.258E-82 2.933E-62 3.325E-82 3.325e-83
4 4 .A908 2.898E-22 1.814E-82 9.933E-a3 8.979E-04
S 5 .9298 3.235E-02 2.905E-82 1.238E-82 9.840E-84
6 6 .Q7e8 3.893E-02 1.911E-82 1.183E-A2 8.279E~04
I4 4 .B7929 5.977E-82 3.645E-92 2.332E~-82 1.632€£-83
8 8 .0699 4.297E-82 2.942E-92 1.355E-02 8.13VE~B4
3 9 .N668 6.331E~-02 3.997E-82 2.424E-92 1.454E~-03
10 18 .698 9.101E-82 4.832E-92 4.260E-82 2.561E-A3
11 11 .0589 1.352E-81 5.366E-22 8.151E-82 L 4.DU5E-03
12 12 .04009 8.612E-81 1.871E-01 7?.541C-81 2.01CE-02
13 13 .0208 2.792E+09 1.159E-91 2.676108 5.3352R-82
14 14 .0200 3.297E+09 1.924E-91 3. 183E+89 6.375E-02
15 15 .n208 1.462E+00 6.204E-02 1.407E+08 2.81E-92
16 16 .0208 2.716E+29 3.045E-02 2.665E+89 $.379E~-92
17 8 8.09288 a. . 8. g.
18 8 8.6198 a. a. 8. 8.
19 8 8.0998 a. 3. 8. 2.
28 8 8.8998 a. a. 8. a.
21 8 8.0008 8. a. 8. 2,
22 8 8.0398 8. 8. 8. n.
23 8 7.0999 8. 0. a. A.
24 8 7.0908 a. a. a. a.
25 8 7.89089 a. 8. 8. a.
2h 8 £.0899 8. 2. 8. A.
27 8 f).00008 8. g, 8. 0.
28 8 9.0800 8. 0. a. a.
23 8 8.0889 8. a. a. a.
39 2] 7.080889 a. 0. a. 2.
TOTAL INTEGRAL 1.186E+81 7.352E-81 1.107E+31 2.563k-01
- 25.A26 PER CENT

———eera—




AXS

NU-FISS

SXS

TS

N-GRIN

G-GRIN

N~GARIN(SED)

NG-GAIN

SEN

SENT
SENR
SENO

6y

DEFINITIONS OF SENSIT SENSITIVITY PROFILE NOMENCLATURE

SENSITIVITY PROFILE PER DELTA-U FOR THE ABSORPTION CROSS-SECTION (TAKEN FROM POSITION
IHA IN INPUT CROSS-SECTION TABLES), PURE LOSS TERM

SENSITIVITY PROFILE PER DELTR-U FOR THE CROSS SECTION IN POSITION IHA+1 IN INPUT ¥S-TABLES.,
WHICH IS USUALLY NU-TIMES THE FISSION CROSS SECTION. PURE LOSS TERM

PARTIAL SENSITIVITY PROFILE PER DELTA-U FOR THE SCATTERING CROSS—SECTION (COMPUTED FOR ERCH
ENERGY GROUP AS A DIAGONAL SUM FROM INPUT XS~TRBLES). LOSS TERM ONLY

SENSITIVITY PROFILE PER DELTAR-U FOR THE TOTAL CROSS SECTION (RS GIVEN IN POSITION IHT IN
INPUT CROSS-SECTION TRBLES). PURE LOSS TERM

PARTIAL SENSITIVITY PROFILE PER DELTA-U FOR THE NEUTRON SCATTERING CROSS-SECTION. GRIN TERM FOR
SENSITIVITY GAINS DUE TO SCATTERING OUT OF ENERGY GROUP G INTO ALL LOLER NEUTRON
ENERGY GROUPS. COMPUTED FROM FORWARD DIFFERENCE FORMULATION.

PARTIAL SENSITIVITY PROFILE PER DELTA-U FOR THE GAMMA SCATTERING CROSS-SECTION. GRIN TERM
FOR SENSITIVITY GAINS DUE TG SCATTERING OUT OF GAMMA ENERGY GROUP G INTO ALL LOWER GAMHA ENERGY GROUPS.
COMPUTED FROM FORWARD DIFFERENCE FORMULATION.

RE-ORDERED PARTIAL SENSITIVITY PROFILE PER DELTA-U FOR SCATTERING CROSS~SECTION. GAIN TERM FOR
SENSITIVITY GAINS DUE TO SCATTERING INTO GROUP G FROM ALL HIGHER NEUTRON ENERGY ROUPS.
COMPUTED FROM ADJOINT DIFFERNCE FORMULATION.

CORRESPONDS 7O SINGLE-DIFFERENTIAL SED SENSITIVITY PROFILE. PSED(G-OUT) PER DELU-OUT. .
INTEGRATED OVER ALL INCIDENT ENERGY GROUPS.

PARTIAL SENSITIVITY PROFILE PER DELTA-U FOR THE GAMMA PRODUCTION CROSS-SECTION

AT NEUTRON ENERGY GROUP G. PURE GRIN TERM FOR SENSITIVITY GAINS DUE TO TRANSFER FROM NEUTRON
GROUP G INTO ALL GAMMA GROUPS.

NET SENSITIVITY PROFILE FER DELTA-U FOR THE SCATTERING CROSS-SECTION (SEN=SXS+NGAIN)

NET SENSITIVITY PROFILE PER DELTA-U FOR THE TOTAL CROSS-SECTION (SENT=TXS+NGAIN)

SENSITIVITY PROFILE PER DELTR-U FOR THE DETECTOR RESPONSE FUNCTION R(G)

SENSITIVITY PROFILE PER DELTA-U FOR THE SOURCE DISTRIBUTION FUNCTION Q(G)
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TNS(PGFR) XS-SENS.-ANAL. FOR DPA-~ADJOINT XTF+E COILS* IS6SED: CR.NI.FE(::j)
wior: NEUTRON CROSS SECTION SENSITIVITY PROFILES

FOR NEUTRON INTERACTIOM CROSS SECTIONS:

GROUP UPPER-E (EV)

1.700E+07

2 1.50BE+A7

3 1.35BE+07

4 1.200E+07

5 1.800E+27

6 7.79BE+26

7 6.870E+06

8  3.6BBE+B6

9  2.865E+86

18 2.232E+06
11 1.73BE+B6
12 1.353E+06
13 B.230E+85
14 5.880E+B5
15  3.830E+85
16 1.B40E+B5
1?7 6.76BE+B4
18 2.4B80E+04
19  9.128E+03
20  3.35BE+83
21 1.235E+03
22  4.54BE+82
23 1.670E+B2
24 6.140E+01
25 2.268E+01
26  B.320E+88
27  3.06BE+28
28 1.138E+08
29  4.148E-81
38 1.528E-81

INTEGRAL

GROUP UPPER-E(EV)

1.780E+27
1.588E+07
1.358E+27
1.200E+07
1.888E+27
7.799E+R6
6.870E+B6
3.6B0E+D6
2.865E+86
2.232E+06
1.738E+26
1.353E+86
8.230E+05
5.000E+25

DELTR-U

1.25E-81
1.95E-81
1.18E-81
1.82E-81
2.50E-81
2.49E-81
5.80E-81
2.58E-81
2.59E-81
2.5BE-81
2.58E-81
4.97E-81
4.98E-81
5.91E-81
4.99E-81
1.00E+08
1.0BE+00
1.0BE+08
1.0BE+09
9.98E-81
1.0BE+08
1.0BE+08
1.08E+028
9.99E-81
9.99E-81
1.0BE+08
9.96E-81
1.0BE+028
1.98E+00
1.11E+00

DELTR-U

1.25E-01
1.85E-81
1.1BE-81
1.82E-81
2.50E-81
2.49E-91
5.88E-81
2.58E-81
2.50E-81
2.58E-81
2.50E-81
4.97E-81
4.98E-81
5.01E-81

ok 3

SUM £D OVER ALL PERTURBED ZONES dox S
PARTIAL AND NET SENSITIVITY PROFILES PER DELTA-U. NORMALIZED TO I1PHI = (R.PHI) = 4.80458E+08
(N-N? AND (N-GAMMA)
wikiolok P URE L NDSS TERMS somoloowor  soploxioook PURE GRIN TERMS  soicklololololok
0 AXS NU-F 1SS 8 SXS 0 ™S 8N—GMN N-GRINCSED)  NG-GRIN
. . . . . a. a.

B8.406E+9B 0. -4.1892E+09 -3.5A%E+0Q  2.44rE+00 1.341E+998 B,
2.174E+08 a. ~-1,201E4+90 -1,1B2E+09 ? enMC-01 5.4088E-01 8.
5.888E-81 0. ~3.536E-91 -3.537E-B1 2.535E-01 1.787E-A1 2.
3.887E-D1 8. -2.770E-B1 -2.852E-D1 ?2.098E-01 1.450E-91 a.
3.140E~-B1 8. -2.573E-B1 -2.632E-B1 2.80€C-81 1.499E~-21 8.
2.262E-01 a. -2.322E~-B1 ~-2.3RBE-B1 1.92%E~-A1 1.719E-91 a.
2.712E-1 B. -3.410E-B1 -3.454E-81 2.892E-B1 2.6895E-01 8.
3.853E-81 8. -4.796C-21 -4.84BE-BI 4.101E-81 3.771E-01 a.
3.164E-81 a. -6.327E-B1 -6.264E-81 5.5/AE-81 5.178E-81 a.
3.120E-01 2. -8.454E~-B81 -B8,489E-81 7.540E-81 7.182E-81 8.
1.996E-81 ©. -2.87BE+9B -2.B78E+B0 1.940E+00 1.932E+48 8.
5.886E-B2 B. -6.832E+99 -6.B49E+@B 5.835E+90 5.908E+@99 0.
2.261E-82 A. -6.996E+99 ~7.B17E+PB 6.80]E+GB 6.920E+BA B,
1.864E-B2 8. ~3.1396490 -3.149C+00 3.Ac9E+88  3.205E+99 .
1.163E-82 a. -2.799E+90 -2.811E+09 2.742E+00 2.786E+09 8.
3.448E-83 8. -6.7976E-B81 -6.833E-B1 6.594E-Bl1 6.724E-81 @,
2.492E-83 B. ~-3.2056-91 -3.231E-81 3.112E-B1  3.247E-A1 8.
1.849E-B3 a. -1.351E-81 -1.379E-81 1.3242E-01 1.381E-81 8.
1.192E-83 8. -8.B73E~A2 -B.199E-82 9.9ABE~-P2 8. 120E-82 8.
2.489E-84 a. -1.662E~-83 -1.915E-03 1.6149E-83 1.754E-23 a.
2.321E-85 @. -9,174E-04 -9.418E-B4 <.062E-04 9.197E-94 B,
3.583E-D6 8. -6.817E~B4 -6.855E-B4 6.795E-D4 6.80BE-04 8.
4,.296E-D6 a. ~5.476E~-B4 -~5.521E-A4 5.465E-04 5.515E-84 8.
4.924E-06 9. -3.480E-P4 ~3.549E-B4 3.400E-A4  3.534E-94 0.
5.724E-86 B. -1.941E~-4 -2.BD1E-B4 1.944C-B4  1,993E-84 8,
4.48PE-B6 B. ~9,122E~-85 -9.591E-B5 9.18SE-05 9.46BE-35 8.
3.249E-D6 [ -3.980E-85 -4.320E-85 4,847E-B5 4, 19BE-85 a.
2.381E-96 B. ~1.766E~-B5 -2.816E-B5 1.722E~-05 1.980E-8S 8.
5.257E-87 8. ~1.387E-06 ~-1.93BE-86 1.256E-86 1.567E~B6 a.
2.001E+98 a. ( —1.46EJE+81> -1.459E+81 <l.385E+E]1> a.

sk NET PROF ILES solook

SEN SENT

a. a.

~1,736E+90 -1.142E+00

-4.210E-81 -3.219E-81

-1.801E-81 -1.B62E-8!

-6.7156E-82 -7.537E-B2

~-5.67BE~-B2 -6.267E-A2

~3.989E-82 -4.377E-B2

-5.188E-B2 -5.621E-82

~6.958E-B2 -7.393E-B2

-?.572E-B2 ~-7.945E-82

~9.138E-82 -9.480E-82

~1.226E-81 ~-1.298E-81

~1.972E-81 -2.147E-81

-1.958E-B1 -2.164E-01

~-6.989£-B2 -B8,B27E-82

3.838E+85

4.99-81




16 1.840E405
17 6.76PE+94
18 2.480E+94
13 9,1209E+93
28 3,.3SPE+03
21 1,235E+03
22 4,549E+92
23  1,67PE+92
24  6.140E+91
25 2.260E+91

38  1,520E-81
INTEGRAL

1.00E+28
1.080:+90
1.00E+208
1.02E+20
9.93E-01
1.80E+28
1, DOE+20
1, 09E+90
9,99e-01
9.99E-01
1.00E+008
9.96E-01
1,00E+20
1.80E+28
1, 11E+908

-5.632C-82 -6.822E-82
-2.028E-02 -2,3780E-02
-9.258F-03 -1, 13¢E-02
-8.5266-84 -2.787E-083
~-6.466E-84 -1.894E-83
-1,320E-85 -2.656E-84
-1.118E-85 -3.551E-08S.
~2.229E-86 -5.984E-86
-1.088E-86 -S5.591E-86
-8.321E-087 -5.993E-86

3.661E-87 -5.633E-96

6.374E-A7 -4,858E-P6

6.676E-07 -2, 737E-06
~4,462E-07 -2.942E-06
~3.104E-088 -S5.820E-97
~7.530E-81 -7.392E-081

Sl
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*o DOUBLE-DIFFERENTIAL SED SENSITIVITY PROFILES
o FOR THE SUM OVER ALL SPECIFIED PERTURBED ZONES ok ictiok
DOUBLE-~ DlFFEPENTlﬁL PROF ILES PER DELTA-U-IN AND PER DELTA-U-OUT. NORMALIZED TO I1PHI=(R.PHI)= 4.88458E+93

FOR NEUTRON GROUPS ONL

DIOIOIOK PSED (G- IN,G~0UT) PER (DELU-IN) (DELU-OUT) 11PHI K

Solololciololofoin ok W,
G-IN =1 G-IN =2 G-IN=3 G-IN=4 G-IN=S5 G-IN=g G-IN=7 G-IN=8 G-IN =9 G-IN =18
G-0UT DELU-OUT

1 .125163 @. 8. 8. 8. 8. 8. . . 8. 8.
2 .185361  @. 1.27E+01 B, 8. . 8. 8. 8. . 8.

3 .117783 @. 8.296-81 3.95E+98 O. 8. 8. 8. 8. 9. 8.

4 .182322  o. 2.58E-82 1.18E~01 8.45E-91 0. 8. 8. 8. N 8.

5 .249744 0. 7.19E~02 2.6BE-82 2.67E-B2 5.196-81 8. 8. 8. 8. 8.

6 .249482 @. 1.176-81 4.14E-82 B.38E-B3. 2.87E-82 4.97E-81 9. 9. 9. 8.

4 .588446 0. 2.64E-B1 ?.89E-82 2.59E-B2 1.79E~B2 2.46E-92 2.39€-@8! 9. a. 8.

8 250344 ©. 3.79E-81 1.24E-B1 4.33E-82 3.436-82 2.78E-22 3.86E-B2 6.86E-B1 A, 8.

9 .249678  B. 3.92E~-B1 1.31E-B1 5.83E-8B2 4.196-82 3.71E-B2 3.34E-82 B.46E-82 1.82E+99 0.

10 .258163 8. 3.79E~81 1.21E-B1 S.1PE-92 4.28E-82 4.88E-92 3.40E-92 7.53E-B2 1.32E-81 1.45E+08
11 .250411 8. 3.64E~B1 1.96E-B1 4.21E-92 3.65E-82 3.73E-02 3.64E-92 6.78E-82 1.82E-B1 1.62E-81
12 .497123  @. 3.41E-81 9.21E-82 2.98E-92 2.74E-82 2.99%€-02 3.60E-92 4.33E-92 1.10F-81 1.27E-B1
13 .498348 @. 3.12E-81 9.MPE-B2 1.99E-82 1.6BE-B2 1.86E-B2 2.57E-P2 4.55E-82 3.63F-82 1.19G-81
14 500875 8. 1.55E~81 4.71E-82 8.18E-A3 5.42E-B3 6.48E-83 9,55E-93 2.38E-B2 3.71C-82 4.83E-92
15 .498797 8. 5.56E~02 1.79E-B2 2.82E~B3 1.41E-B3 1.64E-93 2.51E-93 6.58E-03 9.02E-83 9.305-03
16 1.801328 @. 1.34E-82 4.84E-83 7.45E-B4 2.6BE-B4 2.B7E-B4 4.59E-04 1.21E-B3 1,75E-03 1.33F-23
1?7 1.882764 O. 6.26E~84 3.55E-84 6.BBE-B5 7.19E-B6 9.91E-97 B.66E-96 2.23E-85 3.45E-85 6. 14E-85
18 1.888374 O. 1.11E-84 6.35E~85 1.22E-B5 1.29E-B6 1.79E-A7 1.56E-06 4.82E-86 6.22C-86 4.72F-06
19 1.901509 @. 1.45E-95 B.43E-86 1.62E-B6 1.71E-97 2.36E-99 2.88E-D7 5.35E-B7 B.20E-B7 2.81E-87
20 .997899 8. 3.356-86 1.91E-B6 3.67E-B7 3.B9E-BB 5.42E-89 4.72E-98 1.21E-B7 1.88F-87 3.99k-a8
21  1.909729 @. 2.42E-87 1.38E~B7 2.65E-88 2.B1E-B9 3.91E-18 3.49E-N9 B.71E-89 1.33E-83 1.145-09
22 1.9001803 O. 6.93E-98 3.98E-BB 7.62E-B9 B.B7E-18 1.12E-18 9.83E-18 2.53E-89 3.93E-02 @.
23 1.880584 8. 1.79E~-08 1.83E-BB 1.97E-B9 2.8BE-18 2.99E-11 2.55E-18 6.39E-18 1.82E-82 8.
24 .999468 @. 6.57E-09 3.78E-B9 7.22E-18 7.65E-11 1.B6E-11 9,33E~11 2.41E~18 3.74E-18 0.
25 .999283 @. 2.36E-89 1.36E-89 2.29E-18 O. 8. 8. 8. . 8.

26 1.ee@247 8. 8.16E-18 4.68BE-18 7.93E~11 8. 8. . 8. 0. 8.

27 .996197 8. 8. 8. . 8. 0. 8. 8. 8. 0.

28  1.8R4197 8. 8. 8. 8. 2. 8. 2. 8. 2. 2.

29 1.p@1995 B, 8. 8. 8. 2. 8. 2. 0. 8. a.

38  1.111858 8. 8. 8. 8. 8. 8. e. a. 2. 2.

1 .125163 8. 2. 8. 8. 8. 8. 8. 2. a. a.

2 .185361 @, 2. 8. 8. 2. 8. a. 8. 8. 8.

3 .117783  @. 8. 8. 8. 0. 9. 8. 9. a. 8.

4 .182322 @. 8. 8. a. 8. 8. 8. 8. 8. 9.

S 243744 @, 2. 2. a. 2. 8. 8. 8. 8. 8.

6 \242432 @, 8. 8. . 8. 8. 8. . 8. e.

7 500445 @, e. 9. 8. 2. 8. 8. 8. 8. 2.

8 .250344 @, 8. N 8. 8. 8. 8. e. 8. .

9 .249678 9, 8. 8. 8. 8. 8. . 8. 0. 8.

1o .258163 @, 8. 8. 8. 8. 8. a. 9. e. a.

11 .250411  2.16E+00 8. 8. 8. 8. 8. 0. 8. 8. 8.

12 .497123  1.81E-8!1 3.48E+488 8. 8. 8. 8. 8. 8. 8. 8.

13 .498348 1.51E-81 2.99E-B1 1.12E+81 B6. 8. o. e. 8. 8. 8.

14 sppgrs  6.54E-B2 7.49E-82 4.526-81 1.31E+81 @. . 8. e. 8. a.

15 .498797 1.96E-92 3.87E-82 @. 4.386-01 5.99E+e8 @, 8. 8. 8. 8.

16  1.@@1328 5.74E-B3 B.75E-83 5.386-93 B, 1.24E-91 2.71E+90 0. e. e. 8.

17 1leez764 5.88E-B4 6.51E-B4 §.96E-04 O. . 3.83E-82 6.396-81 8. 8. .



&S

18 1.M80374 4.98E-P5 6.P2E-AS B.91E-95 0. 2. a. 1.84E-92 3.B6E-91 @, a.
19 1.881019  2.44E-96 3.75E-06 5.16E-9G @. a. 2. . 5.88E~33 1.23E-81 0.
20 .997:39  1.77E-N7 3.97E-97 4.74E-97 8. 2. 2. 2. . 1.:%E-B3 8.91E-82
21 1.ee9729 4.7BE-N9 1.1PE-BB 9.62E-09 8. 9. a. 2. 0. 8. 1.49E-84
22 1.080103 @, . 8. 2. 2. a. 2. 2. 2. a.
23  1.998534 @, 2. 2. 2. . . a. a. . 2.
24 .9994¢9  B. . 0. 2. 2. . 2. 2. 2. a.
25 .999288 @. 2. 2. 2. . 2. 2. a. . 2.
26 1.800247 9. 0. . a. 0. a. 2. 2. 0. .
27 .996197 0. 2. . 2. 8. 2. a. 2. 8. a.
28  1.8@4187 8. . . a. . a. 2. 2. 2. a.
29 1.881985 A, 2. a. a. 0. 2. 2. 9. 2. 2.
3@ 1.111858 @. . a. 2. 2. a. . 2. . 2.
1 .125163 8. 8. . a. 2. 8. 8. 2. a. 2.
2 .185261 8. 2. . a. 8. 2. 8. a. 2. a.
3 .117783 8. 8. a. a. 2. 2. . a. 2. a.
4 .182322 @. 2. a. a. 8. 2. 0. 2. a. .
5 .249744 9. 2. 2. 2. . a. . 2. 8. a.
6 .249432 8. . . a. 9. 9. 2. a. a. .
7 508446 @, 2. . 2. . 2. . 9. 2. a.
8 .250344 8. 2. . 2. 2. a. 2. 2. a. a.
9 .249670 @, 8. a. 8. 2. a. . 2. a. 2.
18 .258163 1. 0. . 8. 2. . . a. 2. .
11 .250411 8. e. 2. 2. 2. a. 2. 2. a. 2.
12 .497123 @, 2. a. 8. 2. 2. 9. 2. 2. 2.
13 .498348 @, 8. 0. 2. 2. 2. 2. a. 9. 2.
14 .509875 9. 0. 2. a. 2. 2. 8. 2. 2. 2.
15 .493757 @, 0. 0. 2. 2. a. 2. a. 2. .
16 1.e81328 9. 2. a. 2. 2. a. 2. 2. 9. 0.
17 1.882764 9. 8. 2. 2. . 8. 8. a. n. .
18 1.889374 @. 2. 2. 2. 2. a. . 2. a. 2.
19 1.,8015089 9. 2. 2. a. 8. 0. 2. a. 2. .
20 .937889 B, 2. . 2. 2. 2. . 2. 2. 2.
21 1.AN729  1,61E-83 @. 2. 2, A. a. . 2. a. 2.
22 1.807193 3.54E-85 B.84E-B4 0. 2. n. 2. . a. 2. 2.
23 1.00n584 9, 2.19E-A5 6.59E-B4 0. a. 2. a. 8. 2. a.
24 .997469  B. 8. 2.14E-B5 5.38E-B4 1. 2. . 2. 2. .
25 .997288 A. 2. a. 1.65E-85 'Z.37E-B4 @, a. a. 2. 8.
26 1.990247 8. 2. 8. a. 1.11E-85 1.BBE-B4 8. 2. 2. 8.
27 .996197 8. a. 8. 2. . 6.39E-86 B.8B6E-BS5 8. 2. 2.
28 1.884197 8. 2. 2. 2. 2. 2. 3.54E-86 3.B3E-85 8. 8.
29 1.881985 @. 9. 2. 2. 2. 2. 2. 2.01E-A6 1.70E-B5 8.
3@ 1.111858 +@. 2. 8. 2. 8. 8. 8. 2. 2.10E-07 1.22E-P6

Yok SINGLE-DIFFERENTIAL PROFILES. PSED wopr

PSED (G-0UT) PSED(G~1IN)
G-IN OR G-QUT  PER DELU-OUT PER DELU-IN
1 a. 2.
2 1.341E499 2.447E+90
3 5.490E-91 7.894E-81
4 1.707E-81 2.575E-81
5 1.450E-81 2.833E-81
6 1.439E-81 2.896E-B1
7 1.719E-81 1.923E-01
8 2.683E-P1 2.892E-81
9 3.771E-81 4.191E-81




54

18 S.170E-01

11 7.182r-01
12 1.932£+20
13 5.908C+38
14 6.920E+20
15 3.205E+00
16 2.786E+88
17 6.724E-01
18 3.247E-01
19 1.381E-01
20 8.120E-02
21 1.754E-83
22 9. 197E-84
23 6.800E-04
24 5.515E-04
25 3.534E-04
26 1.993F-94
27 9.460r-05
28 4. 198E-085
29 1.988E-85
30 1.56TE-86

TOTAL INTEGRAL

5.570E-B1
T.540E-01
1.948E+99
5.835E-90
6.801E-00
3.P69E+RP
2.742E+00
5.594E-91
3. 112E-81
1.342E-81
8.P88E-02
1.649E-03
9.P62E-B4
6.795E-04
5.465E-04
3.430E-94
1.944E-b4
9, 185E-05
4.847E-85
1.722E-05
1.356E-86

1.385E+91



TNS(PGFR) XS-SENS.-ANALYSIS FOR DPA-ADJOINT #okx SHIELD * ISS5SED: H.l@

Kok SED UNCERTARINTY ANALYSIS
MEDIAN INTEGRAL HOT INTEGRAL COLD INTEGRAL NET INTEGRAL RESPONSE UNCERT.
G-0uT SED-UNCERT. SENS. COEFF. SENS. COEFF. SED SENS.-COEFF. DRAR
OF SED F S~HOT S~COLD S DUE TO SED-UNCERT.
G-IN (FROM INPUT) (FROM INPUT) (SHOT -~ SCOLD)> (F % 52
1 10 . 1289 8. 8. e. 8.
2 18. .1809 1.252E+09 1.257E-81 1.126E+00 1.126E-A1
3 18 1909 2.899E-81 3.861E-82 2.504E-81 2.504E-02
4 11 .8993 1.219E-81 1.629E-82 1.05AE-B1 9.5kISE-N3
5 12 .0809 9.572E-82 6.247E-83 8.94/E~-B2 7.13PE-N3
6 6 .B608 7.111E-92 2.197E-82 4.913E-82 2.948E-83
4 4 .8709 1.329e-81 - 3.368E-82 9.8°7E~-B2 6.879E-03
8 8 .B6609 9.997E-82 2.593E-82 7.314E-82 4,3:3E-03
9 9 .8689 1.377E-81 3.586E-82 1.01CE-81 6. 110E-03
10 19 .8599 1.536E-81 3.951E-82 1.141E-B1 5.7605E-03
11 11 .8509 1..740E-B1 3.584E-82 1.372E-01 6.31PE-B3
12 12 .8589 4.951E-81 4.569E-82 4.475E-81 2. 24RE-H2
13 13 .0489 4.598E-81 2.531E-82 4.335E-81 1.738E-02
14 14 .8309 1.951E-81 9.968E-03 1.8%2E~81 5.555E-03
15 15 .8209 7?.416E-82 3.836E-83 7.0%2E-B2 1.496E-03
16 16 .0108 6.958E-02 3.665E~-04 6.9"1E-B2 6.921E-04
17 8 0.8889 8. a. 8. 8.
8 2] 8.9998 a. 8. 8. a.
19 8 8.09209 8. a. 8. 8.
20 o] 0.0000 a. 8. 8. a.
21 2] 8.8998 a. a. 8. a.
22 2] 9.89280 8. a. 8. 8.
23 2] 9.89298 8. a. a. 8.
24 8 8.99099 8. 8. 8. 0.
25 8 9.8990 8. 8. 8. 2.
26 2} 8.9089 8. a. 8. 0.
27 8 8.0289 8. 8. 8. .
28 2] 8.0n98 a. a. 8. a.
29 2} 8.9089 8. a. 8. a,
39 2] 8.8080- a. 8. 8. a.
TOTAL INTEGRAL 3.820E190 4.647E-81 3.355E+28 2.340E-D1

23.473 PER CENT

Lol
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TNS(PGFR) XS-SENS.-ANALYSIS FOR AL-DPA-ADJ. olx F~COIL * 164SED

G~IN

WONNUID NN -

18

TOTAL INTEGRAL

MEDIAN

G-0UT

OF SED
(FROM INPUT)

WVWONOAUIANDOD

18

OO0 ONOO®

INTEGRAL
SED-UNCERT.

F
(FROM INPUT)

.11008
. 1809
. 1908
.0908
.0808
.8708
.B7008
.B688
.8608
.B698
.85008
.8308
.0208
.0200
.0200
.8208
8.8088
8.80008
8.081098
8.60098
8.8999
8.6188
8.8089
8.0088
8.0098
8.8089
8.87228
0.8090
8.992088
8.8008

SED UNCERTRINTY ANALYSIS

HOT INTEGRAL COLD INTEGRAL
SENS. COEFF. SENS. COEFF.
S~HOT S~-COLD
8.
4.630E-21 2.241E—Bl
8.145€-02 4.331E-92
3.699E-A2 2.668E-92
4.943E-92 3.497E-82
4.910E-A2 3.237E-82
9.737E-8B2 6.140E-82
6.392E-A7 4.361E-82
7.844E-0" 4.855E-92
9.387E-8:} 4.856E-922
1.183E-81 4.640E-92
4.948E-01 5.381E-82
?.551E-81 3.824E-82
6.642E-81 2.711E-82
4.016E-81 2.210E-82
5.885E-81 4.352E-83
8. 8.
8. a.
8. a.
8. 8.
8. a.
8. a.
8. 8.
8. 8.
8. 8.
8. 8.
a. 8.
8. 8.
8. 8.
8. 8.
3.956E+28 7.588E-81

NET 1

SED SEgS.-CDEFF.
(SHOT ~ SCOLD)

8.
2.
3.
1
1

NTEGRAL

389E-81
B814E-02

.B31E-B2
.53rE-B2

1.672C-A2

3.
2.
2.
4.
7.
4.
7.

3.

597E-82
B2 1E-A2
989E-02
531E-82
194E-82
368BE-A1
169E-B1

197E+09

4ol Aow
RESPONSE UNCERT.
DR/R
DUE TO SED-UNCERT.
(F x 8)

8

2.389E-922
3.814E-83
9.2r9E-B4
1.229C-93
1.171E-93
2.518E-923
1.219€-R3
1.734E-93
2.719E-83
3.597E-83
1.318E~-92
1.434E-92
1.274E-R2
7.589E-03
1.008E-A2

1.8N7e-81
18.874 PZR CENT
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TNS(PGFR) XS-SENS.~ANAL. FOR TF-KERMA XTF+E COILS% 176SED: CR.NI.FE@

ORIk IOK SED UNCERTARINTY ANALYSIS HIOIOIOION NOIOIOIOIOK
MEDIAN INTEGRAL HOT INTEGRAL COLD INTEGRAL NET INTEGRAL RESPONSE UNCERT.
G-0UT SED~UNCERT. SENS. COEFF. SENS. COEFF. SED SENS.-COEFF. DR/R
OF SED F S-HOT S-COoLD S DUE TO SED-UNCERT.
G-IN (FROM INPUT) (FROM INPUT) (SHOT - SCOLD) (F % S)
1 8 .1100 a. a. a. 8.
2 8 . 1098 1,576E-81 5.179E-02 1,858E-81 1.858E-82
3 ? .1088 5.899E-82 2.828E-82 3.871E-B2 3.871E-83
4 4 .8988 2.884E-82 1.257E~-82 1.628E-B2 1.465E-83
) S .080n 3.848E-B2 1.337E-82 1.711E-82 1.369E-B3
6 6 .B708 2.641E-82 1.244E~-82 1,398E-82 9.783E~-B4
e e .Breg 4.481E-82 2.331E-82 2.158E-82 1.585E-83
8 8 .86008 2.958E-82 1.917E-82 1.933E~-B2 6.196E-R4
9 9 .86088 4.838E-82 2.566E-82 1.472E-82 8.829E-B4
18 18 .0688 5.538E-82 3.854E-02 2.484E-82 1,498E-83
11 11 .8588 8.475E~-B2 3.717E-B2 4,758E-82 2.379E-B3
12 12 .0490 5.164E-81 7.853E-D2 4,378E-B1 1.751E~-82
13 13 .0200 1,464E+00 9.655E~-82 1.36BE+90 2.736E-B2
14 14 .8200 2.565E+90 1.578E-81 2.407E+00 4.814E-82
15 15 .0208 2.122E+99 1.374E-81 1.984E+80 3.969E-82
16 16 .8200 6.842E+90 2.817E-81 5.840E+90 1.168E-B1
I? B B.080809 8. a. a. a.
18 B 0.0008 a. a. 8. [
19 B B8.8008 a. [ a. a.
208 4] 0.0000 a. 8. a. 8.
21 B B.8008 a. a. a. a.
22 4] 8. 0000 a. 8. a. a.
23 B B.0008 a. a. a. 8.
24 B 0.8008 a. a. a. a.
25 4] 0.08008 8. 8. a. a.
26 B B.0008 a. a. a. a.
27 4] 0.9008 a. a. a. 2.
28 4] B.0008 8. 8. 8. .
29 4] 0.0008 a. a. 8. 8.
30 ] B.8008 a. a. a. a.
TOTAL INTEGRAL 1.327E+81 9.183E-81 1.235E+01 2.746E-B1

- 27.464 PER CENT
Ss———
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TNS(PGFR) XS~SENS.-ANALYSIS FOR TF-COIL KERMA * SHIELD % 1758ED: H.0(0)

SED UNCERTRINTY ANALYSIS 3
MED IAN INTEGRAL HOT INTEGRAL COLD INTEGRAL NET .INTEGRAL RESPONSE UNCERT.
G-0UT SED-UNCERT. SENS. COEFF. SENS. COEFF. SED SENS.-COEFF. DRR
OF SED F S~HOT S-CoLD S DUE TQ SED-UNCERT.
G-IN (FROM INPUT) (FROM INPUT) (SHOT ~ SCOLD) (F % S)
1 18 . 1208 8. 8. 8. 8.
2 18 . 1988 1.224E+00 1.453E-081 1.973C+09 1.879E-01
3 18 . 1088 2.917E-A1 4.449E-82 2.472E-81 2.472E-82
4 11 .8988 1.276E-81 2.844E-82 1.871E-81 9.643E-83
S 12 .0808 9.86BE-A2 1.811E-82 8.858~-A2 7. 08AE-B3
6 6 .B6088 6.959E-82 2.326E-82 4.6353E-82 2.7B80E-03
4 I'4 .87 1.251E-01 3.726E-82 8.785E-22 6.143E-83
8 8 .B608 9.328E-82 2.913E-82 6.415E-82 3.843E-83
9 9 .B6088 1.285E-81 4.840E-82 8.811E-82 5.287E-A3
18 i8 .8508 1.461E-81 4.521E-82 1.009E-81 5.047E-83
11 11 .85008 1.742E-81 4.535E-82 1.°069E-81 6.4422-683
12 12 .8509 5.108E-81 6.894E-82 4,431E-81 2.296E-02
13 13 .8499 5.293E-81 4.853E-82 4.G08E-81 1.927F-02
14 14 .8308 3.584E-81 3.331E~-82 3.251E-81 9.752E-83
15 15 .8200 2.487E-B1 2.224E-82 2.c65E-81 4.520E-83
16 16 .0100 3.976E-81 6.827E-83 3.909E-81 $.990:-03
17 8 8.8909 8. 8. 8. 2.
8 8 9.0008 8. 8. 8. 8.
19 8 0.0008 8. 8. a. a.
20 8 0.0008 8. 8. 8. n,
21 8 9.0008 a. 8. 8. a.
22 8 0.0008 8. 8. 8. 8.
23 8 0.0008 8. 8. 8. 0.
24 8 0.0008 8. 8. 8. A.
25 8 0.0000 a. 8. a. 1,
26 8 0.0008 8. a. 8. a,
27 8 0.00080 a. 8. a. .
28 8 0.00008 8. a. a. a.
29 8 0.0008 8. 8. 0. a.
39 2] 0.0008 8. 8. 8. a.
TOTRL INTEGRAL 4.523E+00 6.127E-81 3.910E+20 2.388F-81
- 23.877 PER CENT
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