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ARTICLE INFO ABSTRACT

MSC: We present a computational sensitivity and uncertainty analysis of the effect of geometrical uncertainties on

65C05 the measured reaction rates in the Water Cooled Lithium Lead experimental benchmark, which is a mock-up

65C50 of a tritium breeding blanket for the future DEMO fusion facility. We used deterministic transport methods

82D75 to determine the sensitivity of various parts of the geometry and Monte Carlo particle transport methods

29K40 i along with random sampling from geometrical uncertainties, to assess the expected uncertainty and sensitivity
eywords:

profiles, particularly to establish whether tritium self-sufficiency can be achieved within the uncertainty. We
have established that most sensitive parts of the geometry are the source position and orientation, as well
as the target detector pack position. We have established the uncertainty to be in the range of 8% to 25 %,
increasing with the distance from the source. We have also established the sensitivity to the displacement of
the target detector pack to be roughly 5% mm™', while the sensitivity to the perturbation of position of other
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Contributon field

Tritium breeding

Fusion

detector packs and source position and orientation is generally below the 1%mm™'.

1. Introduction

The future fusion power plants are aiming at producing energy
by fusing deuterium and tritium (D-T) fuel. Although deuterium is
relatively abundant in nature (isotopic abundance of ~0.0156 %), it
is not the case for tritium (abundance of < 1 x 107!8) due to its
short lifetime of 12.33 years, and will therefore have to be produced
artificially by nuclear reactions. A dedicated breeding blanket (BB)
component of the demonstration reactor DEMO will produce tritium
via ®Li(n, T)a and "Li(n, nT)a reactions, which will also act as a shield to
the vacuum vessel, the superconducting magnets and other components
from neutron radiation.

The breeding blanket needs to be designed to produce enough
tritium, not only keep the reactor running (self-sufficiency), but also
create a tritium surplus for starting up the plant, where losses due to
tritium retention and radioactive decay have to be considered. The de-
sign and performance of the BB rely on neutron transport calculations,
which have uncertainties stemming from modelling inaccuracies and
nuclear data.

The Water Cooled Lithium Lead (WCLL) concept was recently se-
lected for further testing in the International Thermonuclear Experi-
mental Reactor (ITER) Test Blanket Module (TBM) [1] and is a promis-
ing candidate for Demonstration fusion power plant (DEMO) BB. A
mock-up experiment of the WCLL blanket has been designed, con-
structed and irradiated at the Frascati D-T neutron generator (FNG).

The WCLL mock-up model consists of 110 LiPb bricks of 173 mm x
90 mm X 36 mm in size and 11 Eurofer-97 slabs with thickness of 9 mm.
These bricks are arranged in blocks of 11 x5 x 2 bricks, with Eurofer-97
plates and water slabs in between representing structural elements and
water cooling components, respectively.

In order to obtain experimental values for the tritium production
rate (TPR), neutron activation of structural components and to measure
various aspects of the neutron spectra, lithium TPR assessment detector
packs along with pure Nb, Al, Ni, In and Au foil arrangements were
embedded inside the LiPb centre blocks. The neutron detectors used
in the mock-up can be divided into two groups of detector packs: TPR
assessment dosimeter packets, consisting of lithium carbonate detectors
(Li;CO3) with both natural and 95 % enriched in 6Li. The second group
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Fig. 1. WCLL computational model. Left: Schematics of the WCLL over the cut-planes with visible detector packs arranged in six columns and two rows. Right:

3D ray-traced cutout, with marked cut-planes.

of detector packs includes pure Nb, Al, Ni, In and Au foil arrangements
for experimental determination of the characteristics of the neutron flux
spectrum.

As mentioned, the mock-up consists of LiPb bricks stacked on top
of each other, and the position uncertainty of the above-mentioned
detector packs was estimated at 16 = 1 mm. The uncertainty in the
position of the FNG neutron beam with respect to the WCLL’s centre
of was also considered as 1o = 1 mm. The directional misalignment of
the neutron beam with respect to the front face of the WCLL assembly
was considered in terms of the uncertainty in the direction vector
by 16 = 1mm, resulting in a mean angular divergence of 7.1° with
maximum likelihood of 5.5°.

In order to assess the effects of these uncertainties and the sen-
sitivity on the underlying reaction rates of individual detectors to
these uncertainties, a two-fold analysis was performed. In the initial
part of the analysis was performed by assessing the sensitivity of the
model geometry to perturbations using deterministic calculations using
the DENOVO code [2] for the forward and adjoint neutron flux and
calculating the contribution field [3]. The second part was realized
by performing a series of Monte Carlo particle transport simulations
using the MCNP code [4], where above mentioned parameters of the
model geometry were sampled from a normal distribution about the
parameter’s mean and its 1o uncertainty. The analysis was performed
by varying both the position of the detector pack and the misalignment
and uncertainty of the directional vector of the neutron source beam
with respect to the front face of the WCLL. Two distinct analyses were
performed:

» Variation of a single uncertainty parameter per simulation i.e. one
at a time.

+ Variation of all of the uncertainty parameters per simulation
i.e. all at once.

The neutron transport simulations were performed using three distinct
nuclear data libraries: ENDF/B-VIIL.O [5], JEFF-3.3 [6] and FENDL-
3.2b [7] in order to assess the effects of different cross section evalua-
tions, primarily for the lithium-lead blocks, whose isotopic composition
is shown in Table A.1. The dosimetric reaction rates were also tallied
using multiple libraries: those mentioned above, as well as the dosi-
metric libraries IRDFF-II [8] and an older version, used in the initial
reaction rate calculations IRDFF-v1.05 [9], where applicable.

The methods used in this work also open the possibilities of as-
sessing the sensitivities of benchmark quality experiments and their

quantities of interest to the input parameters and their uncertainties
beforehand, to identify the highest contributing factors and impose
more stringent requirements, improving the overall quality of such
experiments.

2. Computational model

The base computational model used in our analysis is an MCNP
model used in the initial analysis work [10], which was developed
from the CAD model of the experimental mock-up for a pre-analysis
of the WCLL mock-up device. The model, along with a validated
FNG D-T fixed source description [11] were considered as a basis
for our work. A picture of a 3D ray-traced MCNP model together
with WCLL cut-out schematics are shown in Fig. 1. The top row
of dosimeter packs contain Li,CO5 pellets with both natural Li con-
tent and 95% enriched in °Li, to assess the TPR via °Li(n, T)a and
"Li(n,nT)a reactions. The dosimeter packs in bottom row contain
93Nb, 27Al, "™Ni, In and Au dosimeters, in order to measure reaction
rates for “Nb(n, 2n)°2"Nb, 27Al(n, a)%*Na, ®Ni(n, 21)5'Ni, 38Ni(n, p)>%Co,
USn(n, n')15mIn, 197 Au(n, 2n)1%Au, 7Au(n, y)'°®Au respectively. These
reaction rates were measured in order to experimentally reconstruct the
spectrum of incident neutrons via neutron spectrum unfolding [12] and
to assess the neutron activation of structural materials in the proposed
breeding blanket. These neutron dosimeters were also modelled in
this work and their arrangement within their respective dosimeter
packs is displayed in Fig. 2. The reaction cross sections for the above
mentioned reactions from the IRDFF-II library are displayed in Fig. 3.
A comparison of individual reaction cross sections and various nuclear
data libraries in relation to those from IRDFF-II are displayed in Fig.
B.12.

We have identified which parts of the geometry have the highest
contribution intensities to individual reactions listed above, and are
thus most susceptible to perturbations: the source and the dosimeters.
Hence, we have performed a series of Monte Carlo particle transport
calculations analysis, varying the positions and directions of individual
dosimeter packs, as well as the position and orientation of the D-T
neutron source with respect to the WCLL’s front face.

3. Contributon analysis

The purpose of this analysis is to identify parts of the model ge-
ometry which affect the desired response function the most [3]. The
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Fig. 2. Dosimeter arrangement within dosimeter packs. Top row dosimeter
pack (z = 2cm) for TPR assessment (left) and bottom row dosimeter pack
(z = —2cm) for assessment of various reaction rates (right).

calculations were performed using the DENOVO deterministic .S, neu-
tron transport solver [2] within the ADVANTG package [13], which
automatically converts the MCNP model and discretizes the geometry
into a Cartesian mesh. In this case, it is very informative to calculate
contribution field [3], defined by Eq. (1). By multiplying the forward
and adjoint neutron flux (¢ and ¢ respectively), parts of the simulation
phase space with the highest contribution field contribute the most to
the response in the desired detector.

C=¢-¢' €))
It can be noted that the computation of the contibuton field C requires
solutions of both neutron flux ¢ and its adjoint ¢. These solutions were
obtained with the above mentioned codes, using 8 azimuthal and polar
directions per octant for product quadrature (S8) set and 3rd order
P, expansion of the Legendre scattering angle. Multi-group neutron
libraries with 27 energy groups [14] were based on the ENDF/B-
VIL.O [15]. Reaction rate responses were modelled using a used defined
response function, where the energy-dependent cross sections for the
said reaction rates were taken from the IRDFF-II library [8]. The reader
will note that particle transport libraries used here differ from the
libraries used in the subsequent Monte Carlo particle transport analysis.
This is due to the convenience, since they come as a standard library,
and the aim is to assess the most sensitive parts of model geometry to
perturbations.

As an example, Fig. 4 shows the case for the gold neutron dosimeter
with two distinct contribution fields, corresponding to *’Au(n,y), sus-
ceptible to thermal neutrons, and '°’Au(n, 2n), a fast neutron reaction.
In both cases, the highest intensity of the contribution field is in close
vicinity to the detector pack and the neutron source. In-between, the
contribution field drops by one order of magnitude in case, where one
is interested in the response of the detectors in the first column, to 2
to 3 orders of magnitude, when one is interested in the response of a
detector in the last column. Similar contribution fields were observed
for other reactions.

4. Random sampling of geometrical uncertainty

In this section, we describe the process, we have devised to assess
the uncertainty and sensitivity to the perturbations to detector pack
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locations, as well as neutron source position and orientations with
respect to the WCLL experiment front face.

The MCNP model was modified by replacing the coordinates of
the detector packs, the D-T source location, the direction, and the
associated geometry with unique placeholders. These were replaced
with new coordinates randomly drawn from a normal distribution
about the initial coordinate value and 16 = 1 mm. Each of the newly
constructed MCNP input files was also equipped with a unique random
seed. The perturbations are schematically displayed in Fig. 5. Two
distinct random sampling variants were performed:

» One-at-a-time: A single detector pack position or source position
and orientation were perturbed at once, with the rest at nominal
position, to assess the effect of an individual position/orientation
perturbation. For the perturbation of each position/orientation,
512 MCNP input files were generated.

+ All-at-once: Positions of all the detector packs, as well as the
source positions and orientation were perturbed in each generated
MCNP input file, 2048 in total.

Two sets of sensitivity profiles are obtained, adopting both all-at-
once as well as one-at-a-time approach, and compared against each
other. In order to assess the extent to which different nuclear data
evaluations contribute to the uncertainty/sensitivity of the desired
quantity, we have performed neutron transport calculations with three
distinct nuclear data libraries: ENDF/B-VIII.O [5], JEFF-3.3 [6] and
FENDL-3.2b [7].

The analysis summary is made by merging multiple PDFs (Proba-
bility Density Function) of the reaction rate at the reference position
(ref.) and the PDF due to varied geometry, arising from perturbing the
source position and orientation, as well as perturbing the positions of
all the detector packs (pert.). The PDFs are constructed by summation
of Gaussian curves, mean values and standard deviations stemming
from the mean and 1o statistical uncertainties obtained by Monte Carlo
particle transport, schematically displayed in Fig. 6. The uncertainties
are similar to the uncertainties of unperturbed i.e. reference results. An
example of the summary of the analysis results for All-at-once approach
is shown in Figs. 7 and 8 for 6Li(n, T) reaction on front Li,CO5 detector
in the first and last column.

In case of perturbed samples, weighted histograms are also shown,
where inverse squares of lo statistical uncertainties obtained from
the Monte Carlo particle transport are used as weights. A limited set
of results obtained using different nuclear data libraries for particle
transport and IRDFF-II nuclear data libraries are displayed, while the
analysis was performed for all the combinations. Unweighted and
weighted statistics for perturbed samples i.e. mean and standard devi-
ation are shown in Figs. 7 and 8, where one could note their deviation
from maximum likelihood and associated confidence interval (1o in-
terval), pointing to non-central distribution, highlighting the benefit
of using the total Monte Carlo approach compared to a deterministic
analysis. A significant shift in the PDF’s peak between the reference
and perturbed samples is observed, which is exacerbated with the
increasing distance from the source (increasing column number).

One can also observe a significant difference in PDFs due to different
nuclear data libraries used for the particle transport. Although PDFs
using ENDF/B-VIIL.0 and FENDL-3.2b are a close match, they differ
significantly from JEFF-3.3. The reaction rate uncertainty due to per-
turbations in case of 6Li(n, T) reaction on front Li,CO5 detector range
from 8 % in the detector packs in the first column, increasing to more
than 25 % in the last column. The results of other reactions obtained by
various combinations of nuclear data libraries used in particle transport
and reaction rates are reported in Table C.2. The complete results and
complementary graphs are reported in the Appendix C.
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Fig. 3. Microscopic cross section vs. incident neutron energy for reactions of interest in the WCLL experiment from IRDFF-II nuclear data library.

In the bottom half of Fig. 9 one can note the point cloud displaying
deviations of the detector pack from its reference position with colours
signifying their respective reaction rates. The arrow signifies the linear
sensitivity vector direction of the desired result, which is obtained by
a least squares fit of the reaction rates to the position deviations. In
general, an equation with number of linear terms corresponding to
the number of degrees of freedom, plus a constant term were fitted
to the data using the least-squares fit. Perturbing only the detector
position results in a Fig. 9, where the point positions describe the
deviation from the reference position in their respective directions, and
the colour, denoting the reaction rate value, obtained from the Monte
Carlo particle transport. One should note, that this is an illustrative
case, considering only the movement of the detector pack. In general,
one can limit itself only to the parts, most sensitive to perturbations,
highlighted in the contribution field plots, resulting in 7 degrees of
freedom: source movement and orientation, both in 2 axis, along with
detector pack movement in 3 axis. When one considers all of the effect
of other detector packs as well, the number increases to 34. Linear
sensitivity/uncertainly coefficients from both All-at-once and One-at-
a-time methods for °Li(n,T) on "“Li reaction rates on front Li,CO;3 in
detector pack at z = 2cm, columns 1 and 5, using the FENDL-3.2b
nuclear data libraries for transport and IRDFF-II nuclear data libraries
for reaction rates are reported in respectively, with the rest reported
in supplementary materials.

The comparison of results obtained by All-at-once vs. One-at-a-time
approach is displayed in Figs. 10 and 11. One can note that closest to
the source (1st column), the perturbation of the position of the detector
pack of interest has the largest effect on the resulting uncertainty and
is comparable to the results obtained by the All-at-once approach.
On the other hand, perturbation of other detector pack positions and
the variation in source position and orientation has a smaller effect,
but the maximum likelihood of their PDF is closer to the reference.
This is also noticeable in the distribution of the point clouds, when
comparing All-at-once and One-at-a-time approaches. In case when one
is interested in reaction rates further away from the source, the effects
between One-at-a-time and All-at-once approached appear virtually
indistinguishable.

The effects of perturbing the position of the detector pack that holds
the detector of interest are usually the highest, in the range of up to
5% mm~! of the displacement of the detector from the nominal position.
The effects of source displacement and the uncertainly in its orientation
are in the range of 1 % mm~! or in terms of perturbation of the source
direction. The sensitivity to position perturbations of other detector
packs is usually below the 1% mm~! mark.

Although the All-at-once approach usually yields more informa-
tion per computer time, it has some shortcomings. For this case in
particular, the minimization algorithm was not able to infer a linear

relationship between perturbations in the detector pack/source position
and orientation for the dosimeter foils in the detector packs in the
columns 4 and 5 for 58Ni(n,2n) and 197Au(n, «) and for aluminium
dosimeter in the 5th column for '*’Au(n,2n) reaction, where only the
maximum likelihood value was obtained. It does however take into
account the correlations between individual effects. On the other hand,
the One-at-a-time approach yielded sensitivity results for all detectors
and reactions of interest independently.

Although the approach with random sampling of geometrical uncer-
tainties described here yields superior results compared to deterministic
transport methods, it is much more demanding in terms of computation
resources. In this particular case, each particle transport simulation
ran approximately 120 CPU-hours on a computer cluster, equipped
with either Intel® Xeon® Gold 6148 or Intel® Xeon® Gold 6240R and
192 GB of memory. Although there are various perturbation techniques
that allow the perturbation of various aspects of the computational
model [16,17], they usually only capture linear or low-order depen-
dence. Recent advances in porting Monte Carlo transport solvers to
graphics processors (GPUs) such as OpenMC [18] and Shift code [19]
shows 1 to 2 orders of magnitude increase in throughput, making such
analysis much more convenient and affordable.

5. Conclusion

We present the computational analysis on the effects of the geo-
metrical uncertainties to the measured reaction rates in the FNG WCLL
mock-up experiment. The dimensional and position uncertainties are
based on the expert assessment of the people performing the original
experiment. The analysis was performed in two steps: initial deter-
mination of the geometry’s sensitivity to the perturbation using the
contribution field maps, calculated by the deterministic code DENOVO,
which helped us with the identification of the most sensitive parts
of the model geometry. In the second step, these perturbations were
explicitly modelled and assessed using the Monte Carlo particle trans-
port code MCNP for random sampling of geometric parameters. The
perturbations were modelled by sampling from a normal distribution
with its mean and standard deviation corresponding to the dimen-
sional (or directional, in case of source orientation) nominal value
and uncertainty respectively. We have used a generalized approach
to identify the best estimate and the corresponding uncertainty of
the quantity of interest, instead of relying on a simple mean and
standard deviation estimates. Significant differences were observed
between these two metrics, mainly due to the nonsymmetric PDFs.
Two distinct approaches were used in our calculations: perturbing all
of the parameters at once vs. perturbing one parameter at a time, in
order to compare the performance of the two techniques. While all-
at-once technique is generally more computationally efficient since it
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Fig. 5. Degrees of freedom for the position uncertainty of the detector package (purple) and source position and orientation (red) used in this work. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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provides information on the effects of all perturbations in a single run
and can discern the correlation effects, it does not always capture the
dependence even up to a linear term.

The methodology presented in this work shows promise in assessing
the sensitivity to various input parameters such as uncertainties in
geometry, material composition, nuclear data and others to minimize
their effects on the desired observable beforehand so that high quality
measurement data can be obtained from experimental benchmarks.
We plan to use this methodology in the future, particularly for the
assessment of concrete shielding performance in fusion devices using
different concrete aggregate types, shape distributions and material
compositions as well as the contents of impurities and water content.

Generally, this approach provides more data compared to deter-
ministic sensitivity/uncertainty analysis, captures the non-symmetries
of the resulting PDFs and provides a more accurate estimation of the
best estimate and the uncertainty of the propagated dimensional or
directional uncertainty. Although they are computationally very de-
manding, new techniques on parallelization of the Monte Carlo particle
transport and deployment on GPUs promise to significantly increase the
computational throughput, reducing the computational costs and make
such analyses more affordable.
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Appendix A. LiPb material composition
See Table A.1.
Appendix B. Nuclear data comparison

Here we present the relevant neutron cross sections from different
libraries, and compare them to the reference ones from IRDFF-II nuclear
data library:

See Fig. B.12.

Appendix C. Analysis summary

See Tables C.2-C.4.
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All at once vs. one at a time for ®Li(n,T) on "3 on front Li,CO3 dosimeter at z=2 cm, 1st column
transport with FENDL-3.2b | tally with IRDFF-II

1.0 --- Reference
--- All at once
—— dos. z=2cm, col. 1
0.8 1 —— dos. z=2cm, col. 2
—— dos. z=2cm, col. 3
—— dos. z=2cm, col. 4
é 0.6 1 dos. z=2cm, col. 5
g dos. z=-2cm, col. 1
5 dos. z=-2cm, col. 2
= 0.4 dos. z=-2cm, col. 3
—— dos. z=-2cm, col. 4
o021 —— dos. z=-2cm, col. 5
—— Src. pos. and dir.
0.01 T
06 08 10 12 14
RR. per incident neutron le-5

Fig. 10. Comparison on PDFs from One-at-a-time vs. All-at-once approaches for 6Li(n, T) reactions rate on front Li,CO5 dosimeter, top row (z = 2cm), 1st column.

All at once vs. one at a time for ®Li(n,T) on "3Lj on front Li,CO3 dosimeter at z=2 c¢m, 5th column
transport with FENDL-3.2b | tally with IRDFF-II

1.0
---- Reference
---All at once
0.8 — dos. z=2cm, col. 1
—— dos. z=2cm, col. 2
—— dos. z=2cm, col. 3
w 0.6 —— dos. z=2cm, col. 4
E dos. z=2cm, col. 5
e dos. z=-2cm, col. 1
s 0.4 dos. z=-2cm, col. 2
=" dos. z=-2cm, col. 3
—— dos. z=-2cm, col. 4
02 —— dos. z=-2cm, col. 5
’ —— Src. pos. and dir.
0.0 1
0.0 0.5 1.0 1.5 2.0 2.5

RR. per incident neutron le—6

Fig. 11. Comparison on PDFs from One-at-a-time vs. All-at-once approaches for °Li(n, T) reactions rate on front Li,CO, dosimeter, top row (z = 2 cm), 5th column.

Table A.1
Isotopic composition of the LiPb bricks — the main material of the WCLL
benchmark experiment. Mass density p = 10.48 gcm™'.

Nuclide [b! em] Nuclide [b! em] Nuclide [b1 em]

107 A 8.43492x10°  YFe 1.33198 x 10~° 198 1.28310x 10~°
19 A 7.83645x 1076 SFe 177261 x 1077 1208y 472952 x 1076
27A1 6.50504x 1076 SSMn 3.19480x 105 1228p 6.85648 x 1077
T As 1.17133x 107 %Mo 2.90341x107® %S 8.57432x 1077
209B4 1.67974x 10~ %Nb 1.88918x 1075 130Te 4.68762 % 1076
1%6Cq 459274x107°  BNi 407153 x 1075 rary 6.89056 x 1075
108¢Cq 324214 %1070  ONj 1.56834 x 1075 182y 252975 % 1077
1ocq 4.54985x 107 OINj 6.81748x 1077 18w 1.36655 x 1077
mcd 470311x108  ©Ni 2.17371x 1076 184w 292538 x 1077
2¢q 8.86612x 1078 ©*Ni 5.53579%x 1077 80w 271381 x 1077
3¢d 4.45146x 1078 106pg 450283 x 10°°  %Zn 1.30519 x 10~°
4cd 1.04652x 1077 121gp 824681 x 10  %Zn 7.488 10 x 1076
ecd 275207 x 1078 28Si 5.76322x 1076 97zn 1.10040 x 1076
o¢Cr 146669 x 1076 298i 293097 x 1077 %Zn 5.03233x107°
2¢cr 2.82835x 1075 30Si 1.93107x 1077 7zn 1.664 02 x 1077
Ber 320715x 107 128p 1.44890 x 1077 206pp 2.03446x 107!
cr 7.98323x 1077 '8n 9.70913x 10°8  207pp 1.86562 x 107!
BCu 1.91051x 1075 'Sgn 5.07863x 107 208pp 442349 x 107!
5Cu 8.51540x 107 l6sp 2.17187x 1076 204pp 1.19208 x 1072
S4Fe 3.67410x 10 '7sn 1.14717x 1076 SLi 536300 1073
S6Fe 5.76750x 1075 '18gn 3.61779%x 1076 7Li 1.49637 x 107!
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197Au(n, y) 197Au(n, 2n)
104 4 100 — IRDFF-II
—— ENDF/B-VIILO
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(B.12.a) 197Au(n, v) cross section data from various nuclear data (B.12.b) 97Au(n,2n) cross section data from various nuclear

libraries. data libraries.
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(B.12.c) SLi(n,T) cross section data from various

nuclear data (B.12.d) "Li(n,nT) cross section data from various nuclear data

libraries. libraries.
58Ni(n, 2n) 58Ni(n, p)
-1y =
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(B.12.¢) %8Ni(n, 2n) cross section data from various nuclear data (B.12.f) ®®Ni(n, p) cross section data from various nuclear data

libraries.

libraries.

Fig. B.12. Neutron reaction cross sections, taken from various nuclear data libraries, and compared to IRDFF-II. The y axis on comparison graphs has linear scale
between (-1, 1) and logarithmic otherwise.
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10—4 4

107° A |

o [b]

10*14 4

10719

(Rel. to IRDFF-II)-1

-100 4

107

E [eV]

In(n, n)
~—
1072 4 T
IRDFF-1I =5
ENDF/B-VIILO S 107 —— IRDFF-II
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(B.12.g) 27Al(n, a) cross section data from various nuclear data (B.12.h) **®In(n,n’) cross section data from various nuclear data

libraries.

(Rel. to IRDFF-II)-1

libraries.
93Nb(n, 2n)
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— JEFF3.3
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0 4
—100°
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(B.12.i) ?3Nb(n, 2n) cross section data from various nuclear data
libraries.

Fig. B.12. (continued).

Displaying reaction rates per atom per source neutron, their best estimates and uncertainties using different metrics (unweighted vs. weighted) of the reference
calculation (Ref.), perturbing the uncertainties all at once (All at once) and only the dosimeter pack position (One at a time) using FENDL-3.2b nuclear data
library for neutron transport and IRDFF-II nuclear data library for reaction rate tallying.

Quantity Position Dosimeter Method FENDL-3.2b

Mean Std. W. Mean W. Std Max. Likelihood 1o min. bound 16 max. bound

Ref. 1.29e-03 3.41e-06 1.29e-03 3.41e-06 1.29e-03 1.28e-03 1.29e-03

front Li,CO4 All at once 1.35e-03  3.75e-05 1.35e-03  3.79e-05 1.37e-03 1.28e-03 1.41e-03

One at a time  1.35e-03  3.92e-05 1.35e-03  3.98¢-05 1.37¢-03 1.27e-03 1.41e-03

B Ref. 1.21e-03  3.38e-06 1.21e-03 3.38¢-06 1.21e-03 1.20e-03 1.21e-03

z=2 em,1st column 4, 1 co, All at once 1.30e-03  4.82¢-05 1.29e-03  4.88¢-05  1.31e-03 1.19¢-03 1.37¢-03

One at a time  1.29e-03  4.97e-05 1.29e-03  5.03e-05 1.32e-03 1.19¢-03 1.37e-03

Ref. 1.19e-03  3.62e-06 1.19e-03  3.62e-06 1.19e-03 1.19e-03 1.20e-03

enriched Li,CO;  All at once 1.28e-03  4.85e-05 1.27e-03  4.91e-05 1.29e-03 1.25e-03 1.33e-03

One at a time ~ 1.27e-03  4.95e-05 1.27e-03  5.01e-05 1.29e-03 1.26e-03 1.33e-03

Ref. 5.51e-04 2.29e-06 5.5le-04 2.29e-06 5.51e-04 5.49e-04 5.53e-04

front Li,CO, All at once 5.67e-04  2.16e-05 5.66e-04  2.14e-05 5.52e-04 5.41e-04 5.66e-04

One at a time ~ 5.67e-04  2.24e-05 5.66e-04  2.23e-05 5.52e-04 5.40e-04 5.70e-04

B Ref. 5.17e-04  2.23e-06 5.17e-04  2.23e-06 5.17e-04 5.15e-04 5.19e-04

z=2 em,2nd column o 1 co, All at once 5.37¢-04 2.67¢-05 5.36e-04  2.64e-05 5.19¢-04 4.95¢-04 5.88¢-04

One at a time  5.39e-04 2.76e-05 5.37e-04  2.75¢-05 5.19e-04 5.07e-04 5.31e-04

Ref. 5.08e-04 2.42e-06 5.08e-04 2.42e-06 5.08e-04 5.05e-04 5.10e-04

enriched Li,CO;  All at once 5.29e-04  2.64e-05 5.27e-04  2.62e-05 5.11e-04 4.86e-04 5.80e-04

One at a time  5.30e-04 2.76e-05 5.29e-04  2.74e-05 5.10e-04 4.98e-04 5.24e-04

Ref. 2.65e-04 1.61e-06 2.65e-04 1.61e-06 2.65e-04 2.63e-04 2.67e-04

front Li,CO4 All at once 2.71e-04  1.14e-05 2.71e-04 1.13e-05 2.67e-04 2.59%-04 2.80e-04

Total flux One at a time ~ 2.73e-04 1.17e-05 2.73e-04 1.17e-05 2.69e-04 2.59-04 2.84e-04

Ref. 2.48e-04 1.56e-06 2.48e-04  1.56e-06  2.48e-04 2.47e-04 2.50e-04

z=2 c¢m,3rd column

back Li,CO4
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Table C.2 (continued).

All at once 2.57e-04 1.35e-05 2.57e-04 1.34e-05 2.49e-04 2.41e-04 2.60e-04

One at a time 2.5%-04 1.44e-05 2.5%-04 1.43e-05 2.50e-04 2.42e-04 2.63e-04

Ref. 2.44e-04 1.68e-06 2.44e-04 1.68e-06 2.44e-04 2.42e-04 2.45e-04

enriched Li,CO4 All at once 2.54e-04 1.37e-05 2.53e-04 1.36e-05 2.47e-04 2.38e-04 2.59%-04

One at a time 2.56e-04 1.44e-05 2.55e-04 1.43e-05 2.48e-04 2.38e-04 2.65e-04

Ref. 1.15e-04 1.06e-06 1.15e-04 1.06e-06 1.15e-04 1.14e-04 1.16e-04

front Li,CO5 All at once 1.16e-04 5.33e-06 1.16e-04 5.29¢-06 1.15e-04 1.10e-04 1.20e-04

One at a time 1.16e-04 5.28e-06 1.15e-04 5.26e-06 1.15e-04 1.10e-04 1.20e-04

. Ref. 1.13e-04 1.04e-06 1.13e-04 1.04e-06 1.13e-04 1.12e-04 1.14e-04
z=2 emdth column 4 g 15 co, All at once 1.12¢-04  6.21e-06  1.12e-04  6.15e-06  1.11e-04  1.05e-04  1.17e-04
One at a time 1.11e-04 6.06e-06 1.11e-04 6.05e-06 1.11e-04 1.06e-04 1.16e-04

Ref. 1.13e-04 1.14e-06 1.13e-04 1.14e-06 1.13e-04 1.12e-04 1.14e-04

enriched Li,CO4 All at once 1.10e-04 6.46e-06 1.10e-04 6.40e-06 1.09e-04 1.03e-04 1.15e-04

One at a time 1.10e-04 6.47e-06 1.09e-04 6.42e-06 1.09e-04 1.03e-04 1.15e-04

Ref. 5.42e-05 7.26e-07 5.42e-05 7.26e-07 5.42e-05 5.35e-05 5.49-05

front Li,CO4 All at once 5.42e-05 3.38e-06 5.3%-05 3.37e-06 5.38e-05 5.05e-05 5.73e-05

One at a time 5.43e-05 3.30e-06 5.40e-05 3.28e-06 5.37e-05 5.05e-05 5.72e-05

_ Ref. 5.16e-05 6.96e-07 5.16e-05 6.96e-07 5.16e-05 5.09e-05 5.23e-05
z=2 em,5th column . 15 co, All at once 5.21e-05  3.62e-06  5.18¢-05  3.59¢-06  5.15¢-05  4.81e-05  5.52e-05
One at a time 5.25e-05 3.51e-06 5.22e-05 3.50e-06 5.20e-05 4.86e-05 5.55e-05

Ref. 5.06e-05 7.54e-07 5.06e-05 7.54e-07 5.06e-05 4.98e-05 5.13e-05

enriched Li,CO5 All at once 5.11e-05 3.75e-06 5.07e-05 3.72e-06 5.05e-05 4.69e-05 5.44e-05

One at a time 5.14e-05 3.70e-06 5.10e-05 3.69e-06 5.08e-05 4.73e-05 5.46e-05

Ref. 7.87e-06 1.48e-07 7.87e-06 1.48e-07 7.87e-06 7.72e-06 8.01e-06

front Li,CO4 All at once 8.60e-06 7.28e-07 8.41e-06 7.05e-07 8.43e-06 7.75e-06 9.18e-06

One at a time 8.60e-06 7.18e-07 8.42e-06 6.93e-07 8.42e-06 7.77e-06 9.14e-06
z=2 cm,1st column

Ref. 7.05e-06 1.31e-07 7.05e-06 1.31e-07 7.05e-06 6.92e-06 7.18e-06
back Li,CO4 All at once 7.68e-06 6.60e-07 7.51e-06 6.41e-07 7.54e-06 6.94e-06 8.20e-06
One at a time 7.70e-06 6.80e-07 7.52e-06 6.64e-07 7.55e-06 6.94e-06 8.22e-06
Ref. 6.35e-06 1.35e-07 6.35e-06 1.35e-07 6.35e-06 6.22e-06 6.49e-06
front Li,CO; All at once 6.54e-06 6.72e-07 6.35e-06 6.53e-07 6.35e-06 5.74e-06 7.05e-06

One at a time 6.56e-06 6.5%-07 6.37e-06 6.42e-07 6.36e-06 5.73e-06 7.08e-06
z=2 cm,2nd column

Ref. 5.22e-06 1.12e-07 5.22e-06 1.12e-07 5.22e-06 5.11e-06 5.34e-06

back Li,CO4 All at once 5.60e-06 6.10e-07 5.41e-06 5.83e-07 5.40e-06 4.86e-06 6.02e-06

One at a time 5.59¢-06 5.67e-07 5.45e-06 5.52¢-07 5.46e-06 4.92¢-06 6.04e-06

Ref. 2.58e-06 6.95e-08 2.58e-06 6.95e-08 2.58e-06 2.51e-06 2.65e-06

SLi(n,T) on ™Li front Li,CO; All at once 2.75e-06 3.62e-07 2.60e-06 3.29e-07 2.61e-06 2.30e-06 2.97e-06

One at a time 2.77e-06 3.52e-07 2.63e-06 3.27e-07 2.64e-06 2.33e-06 2.99-06
z=2 cm,3rd column

Ref. 2.28e-06 6.64e-08 2.28e-06 6.64e-08 2.28e-06 2.21e-06 2.34e-06
back Li,CO4 All at once 2.42e-06 3.23e-07 2.28e-06 2.93e-07 2.28e-06 2.01e-06 2.60e-06
One at a time 2.46e-06 3.27e-07 2.33e-06 3.06e-07 2.33e-06 2.05e-06 2.67e-06
Ref. 1.08e-06 4.95e-08 1.08e-06 4.95e-08 1.08e-06 1.03e-06 1.13e-06
front Li,CO; All at once 1.17e-06 2.14e-07 1.06e-06 1.78e-07 1.06e-06 8.98e-07 1.26e-06
One at a time 1.16e-06 2.13e-07 1.06e-06 1.69e-07 1.06e-06 8.92e-07 1.25e-06
z=2 cm,4th column
Ref. 1.03e-06 5.53e-08 1.03e-06 5.53e-08 1.03e-06 9.71e-07 1.08e-06
back Li,CO4 All at once 1.06e-06 1.96e-07 9.59e-07 1.61e-07 9.60e-07 8.12e-07 1.14e-06
One at a time 1.06e-06 1.94e-07 9.62e-07 1.52e-07 9.50e-07 8.16e-07 1.12e-06
Ref. 6.72e-07 4.71e-08 6.72e-07 4.71e-08 6.72e-07 6.25e-07 7.19e-07
front Li,CO, All at once 6.79e-07 1.70e-07 5.74e-07 1.29e-07 5.70e-07 4.59e-07 7.18e-07
One at a time 6.77e-07 1.70e-07 5.76e-07 1.24e-07 5.71e-07 4.65e-07 7.11e-07
z=2 cm,5th column
Ref. 5.50e-07 2.84e-08 5.50e-07 2.84e-08 5.50e-07 5.22e-07 5.78e-07
back Li,CO; All at once 6.09e-07 1.48e-07 5.20e-07 1.14e-07 5.21e-07 4.19e-07 6.53e-07
One at a time 6.19e-07 1.53e-07 5.34e-07 1.13e-07 5.40e-07 4.36e-07 6.65e-07
Ref. 2.18e-06 9.55e-09 2.18e-06 9.55e-09 2.18e-06 2.17e-06 2.19e-06
front Li,CO, All at once 2.20e-06 6.61e-08 2.20e-06 6.60e-08 2.20e-06 2.14e-06 2.26e-06

One at a time 2.20e-06 6.30e-08 2.20e-06 6.30e-08 2.20e-06 2.14e-06 2.26e-06
z=2 cm,1st column

Ref. 2.05e-06 9.33e-09 2.05e-06 9.33e-09 2.05e-06 2.04e-06 2.06e-06
back Li,CO; All at once 2.09e-06 7.46e-08 2.09e-06 7.44e-08 2.09e-06 2.02e-06 2.16e-06
One at a time 2.10e-06 7.32e-08 2.09e-06 7.32e-08 2.09e-06 2.02e-06 2.16e-06
Ref. 3.76e-07 4.07e-09 3.76e-07 4.07e-09 3.76e-07 3.72e-07 3.80e-07
front Li,CO4 All at once 3.77e-07 1.84e-08 3.75e-07 1.84e-08 3.76e-07 3.57e-07 3.95e-07

One at a time 3.77e-07 1.95e-08 3.76e-07 1.95e-08 3.75e-07 3.57e-07 3.95e-07
z=2 cm,2nd column

Ref. 3.52e-07 3.94e-09 3.52e-07 3.94e-09 3.52e-07 3.48e-07 3.56e-07

back Li,CO; All at once 3.56e-07 1.94e-08 3.54e-07 1.93e-08 3.53e-07 3.34e-07 3.73e-07

One at a time 3.57e-07 2.02e-08 3.55e-07 2.02¢-08 3.54e-07 3.34e-07 3.75e-07

Ref. 8.77e-08 1.93e-09 8.77e-08 1.93e-09 8.77e-08 8.58e-08 8.97e-08

Li(n,XT) on ™'Li front Li,CO; All at once 9.36e-08 8.68e-09 9.24e-08 8.61e-09 9.24e-08 8.34e-08 1.02e-07

One at a time 9.36e-08 8.82e-09 9.24e-08 8.74e-09 9.24e-08 8.33e-08 1.02e-07
z=2 cm,3rd column

(continued on next page)
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Table C.2 (continued).

Ref. 8.18e-08 1.88e-09 8.18e-08 1.88e-09 8.18e-08 7.99¢-08 8.36e-08
back Li,COq All at once 8.81e-08 8.89¢-09 8.68e-08 8.78e-09 8.66e-08 7.79e-08 9.60e-08
One at a time 8.85e-08 9.09e-09 8.72e-08 9.02e-09 8.73e-08 7.81e-08 9.68e-08
Ref. 2.03e-08 9.45e-10 2.03e-08 9.45e-10 2.03e-08 1.93e-08 2.12e-08
front Li,CO4 All at once 1.95e-08 4.13e-09 1.83e-08 3.93e-09 1.82e-08 1.43e-08 2.26e-08

One at a time 1.92e-08 3.89¢-09 1.80e-08 4.01e-09 1.86e-08 1.45e-08 2.30e-08
z=2 cm,4th column

Ref. 1.99¢-08 9.48e-10 1.99¢-08 9.48e-10 1.99¢-08 1.90e-08 2.09e-08
back Li,COq All at once 1.87e-08 3.97e-09 1.74e-08 3.91e-09 1.76e-08 1.37e-08 2.19e-08
One at a time 1.85e-08 4.01e-09 1.72e-08 4.00e-09 1.77e-08 1.37e-08 2.19e-08
Ref. 6.22e-09 5.99¢-10 6.22e-09 5.99e-10 6.22e-09 5.62e-09 6.82e-09
front Li,CO; All at once 5.97e-09 2.18e-09 4.82e-09 2.08e-09 4.95e-09 3.02e-09 7.26e-09

One at a time 5.97e-09 2.17e-09 4.76e-09 2.12e-09 4.98e-09 3.15e-09 7.21e-09
z=2 cm,5th column

Ref. 5.91e-09 5.81e-10 5.91e-09  5.81e-10 5.91e-09 5.33e-09 6.49e-09

back Li,CO4 All at once 5.77e-09 2.22e-09 4.51e-09  2.09e-09 4.68e-09 2.80e-09  6.94e-09

One at a time 5.67e-09 2.14e-09 4.37e-09 2.12e-09 4.77e-09 2.94e-09 6.92e-09

Ref. 7.71e-05 1.10e-06 7.71e-05 1.10e-06 7.71e-05 7.60e-05 7.82e-05

z=2 cm,1st column enriched Li,CO4 All at once 8.32e-05 5.67e-06 8.23e-05 5.69e-06 8.29¢-05 7.74e-05 8.85e-05
One at a time 8.31e-05 5.35e-06 8.23e-05 5.39e-06 8.27e-05 7.72e-05 8.83e-05

Ref. 5.40e-05 9.69e-07 5.40e-05 9.69e-07 5.40e-05 5.30e-05 5.49e-05

z=2 cm,2nd column enriched Li,CO4 All at once 5.52e-05 4.81e-06 5.43e-05 4.76e-06 5.43e-05 4.97e-05 5.91e-05
One at a time 5.53e-05 4.74e-06 5.44e-05 4.66e-06 5.44e-05 4.96e-05 5.95e-05

5Li(n,T) on 95% °Li Ref. 2.49¢-05  6.08e-07  2.49e-05  6.08e-07  2.49e-05  2.43e-05  2.55e-05
z=2 cm,3rd column enriched Li,CO5 All at once 2.53e-05 2.66e-06 2.46e-05 2.56e-06 2.46e-05 2.21e-05 2.74e-05
One at a time 2.55e-05 2.77e-06 2.48e-05 2.65e-06 2.47e-05 2.22e-05 2.76e-05

Ref. 1.07e-05 3.43e-07 1.07e-05 3.43e-07 1.07e-05 1.04e-05 1.10e-05

z=2 cm,4th column enriched Li,CO4 All at once 1.13e-05 1.61e-06 1.07e-05 1.52e-06 1.07e-05 9.22e-06 1.24e-05
One at a time 1.13e-05 1.54e-06 1.07e-05 1.45e-06 1.06e-05 9.20e-06 1.24e-05

Ref. 5.78e-06 2.29e-07 5.78e-06  2.29e-07 5.78e-06 5.55e-06 6.01e-06

z=2 cm,5th column enriched Li,CO5 All at once 6.46€-06 1.21e-06 5.89¢-06 1.10e-06 5.90e-06 4.85e-06 7.15e-06
One at a time 6.51e-06 1.29e-06 5.89e-06 1.13e-06 5.95e-06 4.83e-06 7.22e-06

Ref. 6.42e-06 9.14e-08 6.42e-06  9.14e-08 6.42e-06 6.33e-06 6.51e-06

z=2 cm,1st column enriched Li,CO4 All at once 6.93e-06 4.72e-07 6.86e-06 4.74e-07 6.91e-06 6.44e-06 7.37e-06
One at a time 6.92e-06 4.46e-07 6.85e-06 4.49e-07 6.89e-06 6.43e-06 7.36e-06

Ref. 4.50e-06 8.07e-08 4.50e-06  8.07e-08 4.50e-06 4.42¢-06 4.58e-06

z=2 cm,2nd column enriched Li,CO4 All at once 4.60e-06 4.01e-07 4.52e-06  3.96e-07 4.53e-06 4.14e-06 4.93e-06
One at a time 4.60e-06 3.95e-07 4.54e-06 3.88e-07 4.53e-06 4.13e-06 4.96e-06

7Li(n,XT) on 95% °Li Ref. 2.07e-06 5.07e-08 2.07e-06  5.07e-08 2.07e-06 2.02e-06 2.12e-06
z=2 cm,3rd column enriched Li,CO5 All at once 2.11e-06 2.21e-07 2.05e-06  2.13e-07 2.05e-06 1.84e-06 2.28e-06
One at a time 2.12e-06 2.31e-07 2.06e-06 2.21e-07 2.06e-06 1.85e-06 2.30e-06

Ref. 8.91e-07 2.85e-08 8.91e-07  2.85e-08 8.91e-07 8.62e-07 9.20e-07

z=2 cm,4th column enriched Li,CO5 All at once 9.41e-07 1.34e-07 8.88e-07 1.27e-07 8.92e-07 7.68e-07 1.03e-06
One at a time 9.38e-07 1.28e-07 8.92e-07 1.21e-07 8.85e-07 7.66e-07 1.03e-06

Ref. 4.81e-07 1.91e-08 4.81e-07 1.91e-08 4.81e-07 4.62e-07 5.01e-07

z=2 cm,5th column enriched Li,CO5 All at once 5.38e-07 1.01e-07 4.91e-07  9.20e-08 4.91e-07 4.04e-07 5.96e-07
One at a time 5.42e-07 1.07e-07 4.90e-07 9.45e-08 4.96e-07 4.02e-07 6.01e-07

Ref. 1.36e-03 3.92e-06 1.36e-03 3.92e-06 1.36e-03 1.36e-03 1.37e-03

pure **Nb All at once 1.41e-03 3.25e-05 1.41e-03 3.27e-05 1.41e-03 1.39¢-03 1.44e-03

One at a time 1.41e-03 3.28e-05 1.41e-03 3.30e-05 1.42e-03 1.39e-03 1.44e-03

Ref. 1.28e-03 3.79e-06 1.28e-03 3.79e-06 1.28e-03 1.28e-03 1.29e-03

pure ¥Al All at once 1.35e-03 4.20e-05 1.35e-03 4.25e-05 1.37e-03 1.27e-03 1.42e-03

=-2 cm,1st column One at a time 1.36e-03 4.06e-05 1.36e-03 4.12e-05 1.37e-03 1.31e-03 1.42e-03
Ref. 1.24e-03 3.76e-06 1.24e-03 3.76e-06 1.24e-03 1.24e-03 1.25e-03

AN All at once 1.32e-03 4.81e-05 1.31e-03 4.86e-05 1.34e-03 1.22e-03 1.39e-03

One at a time 1.32e-03 4.65e-05 1.32e-03 4.72e-05 1.34e-03 1.28e-03 1.39e-03

Ref. 1.21e-03 3.68e-06 1.21e-03 3.68e-06 1.21e-03 1.21e-03 1.22e-03

pure *In All at once 1.29e-03  4.85e-05  1.29e-03  4.91e-05 1.31e-03  1.19e-03  1.37e-03

One at a time 1.30e-03 4.65e-05 1.30e-03 4.73e-05 1.32e-03 1.20e-03 1.37e-03

Ref. 5.91e-04 2.64e-06 5.9le-04  2.64e-06 5.91e-04 5.89e-04  5.94e-04

pure *Nb All at once 6.02e-04 1.81e-05 6.01e-04 1.81e-05 5.97e-04 5.81e-04 6.16e-04

One at a time  6.00e-04 1.77e-05 6.00e-04 1.77e-05 5.96e-04 5.81e-04 6.15e-04

Ref. 5.57e-04 2.57e-06 5.57e-04 2.57e-06 5.57e-04 5.54e-04 5.5%-04

pure ¥Al All at once 5.72e-04 2.38e-05 5.71e-04  2.36e-05 5.56e-04 5.43e-04  5.74e-04

z=-2 ¢m,2nd column One at a time 5.71e-04 2.24e-05 5.70e-04  2.22e-05 5.56e-04 5.43e-04  5.74e-04
Ref. 5.33e-04 2.50e-06 5.33e-04  2.50e-06 5.33e-04 5.30e-04  5.35e-04

AN All at once 5.51e-04 2.75e-05 5.50e-04  2.72e-05 5.31e-04 5.19e-04  5.45e-04

One at a time 5.50e-04 2.60e-05 5.49e-04 2.58e-05 5.32e-04 5.20e-04 5.46e-04

Ref. 5.14e-04 2.45e-06 5.14e-04 2.45e-06 5.14e-04 5.11e-04 5.16e-04
Total flux ure 510
P (continued on next page)
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Table C.2 (continued).

All at once 5.37e-04 2.72e-05 5.35e-04 2.71e-05 5.17e-04 5.05e-04 5.31e-04

One at a time 5.36e-04 2.63e-05 5.35e-04 2.61e-05 5.18e-04 5.06e-04 5.31e-04

Ref. 2.83e-04 1.84e-06 2.83e-04 1.84e-06 2.83e-04 2.81e-04 2.84e-04

pure *>Nb All at once 2.90e-04 1.05e-05 2.89e-04 1.05e-05 2.88e-04 2.79e-04 2.99e-04

One at a time 2.90e-04 1.01e-05 2.89%e-04 1.01e-05 2.89%e-04 2.79e-04 2.99e-04

Ref. 2.65e-04 1.81e-06 2.65e-04 1.81e-06 2.65e-04 2.63e-04 2.67e-04

pure Z7Al All at once 2.75e-04 1.30e-05 2.74e-04 1.29e-05 2.70e-04 2.60e-04 2.85e-04

z=-2 cm,3rd column One at a time 2.76e-04 1.27e-05 2.75e-04 1.26e-05 2.71e-04 2.61e-04 2.86e-04
Ref. 2.54e-04 1.73e-06 2.54e-04 1.73e-06 2.54e-04 2.52e-04 2.55e-04

AN All at once 2.65e-04 1.46e-05 2.64e-04 1.45e-05 2.56e-04 2.48e-04 2.69e-04

One at a time 2.65e-04 1.45e-05 2.64e-04 1.45e-05 2.58e-04 2.49e-04 2.71e-04

Ref. 2.49e-04 1.73e-06 2.49e-04 1.73e-06 2.49e-04 2.47e-04 2.51e-04

pure '®In  All at once 2.59e-04  1.45e-05  2.58e-04  1.44e-05  2.50e-04  2.41le-04  2.66e-04

One at a time 2.58e-04 1.41e-05 2.58e-04 1.40e-05 2.51e-04 2.42e-04 2.62e-04

Ref. 1.22e-04 1.19e-06 1.22e-04 1.19e-06 1.22e-04 1.20e-04 1.23e-04

pure >Nb All at once 1.22e-04 5.44e-06 1.22e-04 5.42e-06 1.22e-04 1.16e-04 1.27e-04

One at a time 1.23e-04 5.41e-06 1.23e-04 5.40e-06 1.23e-04 1.17e-04 1.28e-04

Ref. 1.20e-04 1.21e-06 1.20e-04 1.21e-06 1.20e-04 1.19e-04 1.21e-04

pure ZAl All at once 1.19e-04 6.00e-06 1.18e-04 5.98e-06 1.18e-04 1.12e-04 1.24e-04

z=-2 cm,4th column One at a time 1.20e-04 6.33e-06 1.19e-04 6.33e-06 1.19e-04 1.13e-04 1.25e-04
Ref. 1.15e-04 1.15e-06 1.15e-04 1.15e-06 1.15e-04 1.14e-04 1.16e-04

N All at once 1.16e-04 6.39¢-06 1.15e-04 6.32e-06 1.14e-04 1.09e-04 1.20e-04

One at a time 1.16e-04 6.93e-06 1.16e-04 6.87e-06 1.15e-04 1.09e-04 1.22e-04

Ref. 1.12e-04 1.14e-06 1.12e-04 1.14e-06 1.12e-04 1.11e-04 1.13e-04

pure In All at once 1.13e-04 6.31e-06 1.13e-04 6.27e-06 1.12e-04 1.06e-04 1.18e-04

One at a time 1.14e-04 6.88e-06 1.13e-04 6.80e-06 1.12e-04 1.06e-04 1.18e-04

Ref. 5.72e-05 8.23e-07 5.72e-05 8.23e-07 5.72e-05 5.64e-05 5.80e-05

pure **Nb All at once 5.78e-05 3.53e-06 5.74e-05 3.53e-06 5.75e-05 5.37e-05 6.13e-05

One at a time 5.76e-05 3.61e-06 5.72e-05 3.57e-06 5.71e-05 5.35e-05 6.10e-05

Ref. 5.58e-05 8.16e-07 5.58e-05 8.16e-07 5.58e-05 5.50e-05 5.66e-05

pure YAl All at once 5.60e-05 3.74e-06 5.56e-05 3.69e-06 5.54e-05 5.17e-05 5.93e-05

z=-2 cm,5th column One at a time 5.57e-05 3.84e-06 5.53e-05 3.81e-06 5.51e-05 5.12e-05 5.93e-05
Ref. 5.35e-05 7.81e-07 5.35e-05 7.81e-07 5.35e-05 5.27e-05 5.43e-05

AN All at once 5.43e-05 3.77e-06 5.39e-05 3.75e-06 5.38e-05 5.02e-05 5.76e-05

One at a time 5.42e-05 3.82e-06 5.38e-05 3.83e-06 5.36e-05 5.00e-05 5.75e-05

Ref. 5.18e-05 7.80e-07 5.18e-05 7.80e-07 5.18e-05 5.10e-05 5.26e-05

pure %°In All at once 5.30e-05 3.81e-06 5.26e-05 3.77e-06 5.24e-05 4.88e-05 5.63e-05

One at a time 5.28e-05 3.84e-06 5.24e-05 3.79e-06 5.22e-05 4.86e-05 5.60e-05

Ref. 1.14e-04 5.11e-07 1.14e-04 5.11e-07 1.14e-04 1.14e-04 1.15e-04

z=-2 cm,1st column pure Nb All at once 1.14e-04 3.42e-06 1.14e-04 3.42e-06 1.14e-04 1.11e-04 1.17e-04
One at a time 1.14e-04 3.47e-06 1.14e-04 3.47e-06 1.14e-04 1.11e-04 1.17e-04

Ref. 1.77e-05 1.99e-07 1.77e-05 1.99e-07 1.77e-05 1.75e-05 1.79e-05

z=-2 c¢m,2nd column pure *>Nb All at once 1.76e-05 9.35e-07 1.76e-05 9.31e-07 1.76e-05 1.66e-05 1.86e-05
One at a time 1.76e-05 8.75e-07 1.76e-05 8.73e-07 1.76e-05 1.67e-05 1.85e-05

93Nb(n,2n) on **Nb Ref. 4.28e-06 1.02e-07 4.28e-06 1.02e-07 4.28e-06 4.18e-06 4.38e-06
z=-2 c¢m,3rd column pure “>Nb All at once 4.17e-06 4.17e-07 4.11e-06 4.10e-07 4.10e-06 3.68e-06 4.55e-06
One at a time 4.17e-06 4.34e-07 4.11e-06 4.29e-07 4.11e-06 3.67e-06 4.56e-06

Ref. 7.55e-07 4.62e-08 7.55e-07 4.62e-08 7.55e-07 7.09e-07 8.01e-07

z=-2 cm,4th column pure 9Nb All at once 8.29e-07 1.89e-07 7.74e-07 1.82e-07 7.75e-07 5.93e-07 9.74e-07
One at a time 8.31e-07 1.80e-07 7.80e-07 1.69e-07 7.73e-07 6.02e-07 9.63e-07

Ref. 2.26e-07 2.20e-08 2.26e-07 2.20e-08 2.26e-07 2.04e-07 2.48e-07

z=-2 cm,5th column pure *>Nb All at once 2.44e-07 9.98e-08 2.44e-07 9.98e-08 1.99e-07 1.07e-07 3.05e-07
One at a time 2.38e-07 1.02e-07 1.85e-07 9.26e-08 1.94e-07 1.06e-07 2.92e-07

Ref. 2.80e-05 1.25e-07 2.80e-05 1.25e-07 2.80e-05 2.79e-05 2.82e-05

z=-2 cm,1st column pure ¥Al All at once 2.83e-05 8.67e-07 2.82e-05 8.67e-07 2.83e-05 2.75e-05 2.90e-05
One at a time 2.83e-05 8.72e-07 2.83e-05 8.74e-07 2.83e-05 2.76e-05 2.90e-05

Ref. 4.52e-06 5.02e-08 4.52e-06 5.02e-08 4.52e-06 4.46e-06 4.57e-06

z=-2 cm,2nd column pure ¥Al All at once 4.54e-06 2.42e-07 4.52e-06 2.41e-07 4.52e-06 4.28e-06 4.77e-06
One at a time 4.53e-06 2.39%e-07 4.51e-06 2.39%e-07 4.51e-06 4.27e-06 4.76e-06

27A1(n,a)on?’ Al Ref. 1.11e-06 2.65e-08 1.11e-06 2.65e-08 1.11e-06 1.08e-06 1.13e-06
z=-2 c¢m,3rd column pure /Al All at once 1.09e-06 1.09e-07 1.07e-06 1.07e-07 1.07e-06 9.64e-07 1.19e-06
One at a time 1.09e-06 1.11e-07 1.08e-06 1.09e-07 1.08e-06 9.65e-07 1.19e-06

Ref. 2.01e-07 1.10e-08 2.01e-07 1.10e-08 2.01e-07 1.90e-07 2.12e-07

z=-2 cm,4th column pure YAl All at once 2.22e-07 4.89¢-08 2.08e-07 4.75e-08 2.08e-07 1.61e-07 2.61e-07
One at a time 2.23e-07 4.77e-08 2.09e-07 4.47e-08 2.06e-07 1.61e-07 2.57e-07

Ref. 6.63e-08 7.02e-09 6.63e-08 7.02e-09 6.63e-08 5.93e-08 7.34e-08

z=-2 c¢m,5th column pure Al All at once 6.58e-08 2.63e-08 9.93e-13 8.80e-11 5.43e-08 3.03e-08 8.20e-08

One at a time 6.47e-08 2.67e-08 5.02e-08 2.47e-08 5.28e-08 3.10e-08 7.81e-08

(continued on next page)
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Table C.2 (continued).

Ref. 7.95e-06 3.67e-08 7.95e-06 3.67e-08 7.95e-06 7.92e-06 7.99e-06

z=-2 c¢m,1st column natNGj All at once 7.95e-06 2.61e-07 7.94e-06 2.61e-07 7.97e-06 7.73e-06 8.18e-06

One at a time 8.00e-06 2.55e-07 7.99e-06 2.55e-07 7.99e-06 7.76e-06 8.21e-06

Ref. 1.17e-06 1.42e-08 1.17e-06 1.42e-08 1.17e-06 1.15e-06 1.18e-06

z=-2 ¢cm,2nd column AN All at once 1.17e-06 6.68e-08 1.16e-06 6.65e-08 1.16e-06 1.10e-06 1.23e-06

One at a time 1.17e-06 6.34e-08 1.17e-06 6.31e-08 1.17e-06 1.10e-06 1.23e-06

S8Ni(n, 2m)on™ Ni Ref. 2.62e-07  6.51e-09 26207  6.51e-09 26207  2.56e-07  2.69-07

z=-2 c¢cm,3rd column AN All at once 2.65e-07 2.88e-08 2.61e-07 2.87e-08 2.61e-07 2.32e-07 2.92e-07

One at a time 2.66e-07 3.00e-08 2.61e-07 2.95e-08 2.61e-07 2.32e-07 2.92e-07

Ref. 4.83e-08 3.42e-09 4.83e-08 3.42e-09 4.83e-08 4.49e-08 5.17e-08

z=-2 cm,4th column AN All at once 5.14e-08 1.26e-08 4.78e-08 1.22e-08 4.78e-08 3.56e-08 6.14e-08

One at a time 5.09e-08 1.20e-08 4.73e-08 1.20e-08 4.75e-08 3.56e-08 6.06e-08

Ref. 1.35e-08 1.47e-09 1.35e-08 1.47e-09 1.35e-08 1.20e-08 1.50e-08

=-2 cm,5th column s\ All at once 1.46e-08 6.49e-09 1.46e-08 6.49e-09 1.14e-08 5.47e-09 1.84e-08

One at a time 1.43e-08 6.46e-09 1.43e-08 6.46e-09 1.11e-08 5.10e-09 1.82e-08

Ref. 1.14e-04 5.46e-07 1.14e-04 5.46e-07 1.14e-04 1.14e-04 1.15e-04

z=-2 c¢m,1st column e\ All at once 1.18e-04 4.44e-06 1.18e-04 4.43e-06 1.17e-04 1.13e-04 1.22e-04

One at a time 1.18e-04 4.51e-06 1.18e-04 4.51e-06 1.18e-04 1.14e-04 1.22e-04

Ref. 2.32e-05 2.48e-07 2.32e-05 2.48e-07 2.32e-05 2.30e-05 2.35e-05

z=-2 c¢cm,2nd column nAtNG All at once 2.37e-05 1.35e-06 2.36e-05 1.33e-06 2.35e-05 2.23e-05 2.48e-05

One at a time 2.37e-05 1.22e-06 2.35e-05 1.20e-06 2.35e-05 2.23e-05 2.48e-05

58Ni(n,p)on™*Ni Ref. 6.31e-06 1.21e-07 6.31e-06 1.21e-07 6.31e-06 6.19e-06 6.43e-06

z=-2 c¢m,3rd column AN All at once 6.56e-06 6.06e-07 6.44e-06 5.93e-07 6.44e-06 5.87e-06 7.06e-06

One at a time 6.58e-06 6.23e-07 6.44e-06 6.14e-07 6.46e-06 5.86e-06 7.09e-06

Ref. 1.57e-06 6.62e-08 1.57e-06 6.62e-08 1.57e-06 1.51e-06 1.64e-06

z=-2 cm,4th column AN All at once 1.52e-06 2.71e-07 1.43e-06 2.52e-07 1.43e-06 1.19e-06 1.71e-06

One at a time 1.53e-06 2.63e-07 1.44e-06 2.44e-07 1.44e-06 1.19e-06 1.70e-06

Ref. 4.75e-07 3.76e-08 4.75e-07 3.76e-08 4.75e-07 4.37e-07 5.13e-07

z=-2 c¢m,5th column nAtNG All at once 4.80e-07 1.45e-07 4.06e-07 1.28e-07 4.09e-07 2.92e-07 5.50e-07

One at a time 4.80e-07 1.49e-07 3.99e-07 1.34e-07 4.15e-07 2.92e-07 5.56e-07

Ref. 1.43e-05 7.15e-08 1.43e-05 7.15e-08 1.43e-05 1.42e-05 1.44e-05

=-2 em1st column pure '7Au  All at once 1.45e-05  5.43e-07  1.45e-05  5.31e-07  1.45e-05  1.40e-05  1.50e-05

One at a time 1.45e-05 5.43e-07 1.45e-05 5.30e-07 1.45e-05 1.40e-05 1.50e-05

Ref. 2.26e-06 2.70e-08 2.26e-06 2.70e-08 2.26e-06 2.23e-06 2.29e-06

z=-2 cm,2nd column  pure '7Au  All at once 2.25e-06  1.45e-07  2.23e-06  1.38e-07  2.23e-06  2.10e-06  2.37e-06

One at a time 2.26e-06 1.42e-07 2.24e-06 1.33e-07 2.24e-06 2.11e-06 2.37e-06

1977 4(n,2n) on ¥Au Ref. 5.20e-07  1.28e-08  5.20e-07  1.28e-08  5.20e-07  5.07e-07  5.33e-07

z=-2 cm,3rd column pure Au  All at once 5.33e-07  6.49e-08  5.22e-07  5.68e-08  5.22e-07  4.65e-07  5.81e-07

One at a time 5.30e-07 6.16e-08 5.19e-07 5.79e-08 5.17e-07 4.60e-07 5.79e-07

Ref. 9.22e-08 5.17e-09 9.22e-08 5.17e-09 9.22e-08 8.71e-08 9.74e-08

z=-2 cm,4th column pure 'Au All at once 1.08e-07  2.76e-08  1.00e-07  2.43e-08  9.95e-08  7.58¢-08  1.27e-07

One at a time 1.06e-07 2.40e-08 9.95e-08 2.29e-08 9.94e-08 7.66e-08 1.24e-07

Ref. 2.91e-08 2.92e-09 2.91e-08 2.92e-09 2.91e-08 2.62e-08 3.20e-08

z=-2 cm,5th column pure '¥Au All at once 3.20e-08 1.45e-08 3.20e-08 1.45e-08 2.56e-08 1.33e-08 3.97e-08

One at a time 3.15e-08 1.86e-08 8.19%e-10 4.60e-09 2.46e-08 1.38e-08 3.71e-08

Ref. 1.12e-04 5.96e-06 1.12e-04 5.96e-06 1.12e-04 1.06e-04 1.18e-04

z=-2 cm,1st column pure '7Au All at once 1.19e-04  3.11e-05  9.82e-05  2.57e-05  9.86e-05  7.59e-05 1.30e-04

One at a time 1.19e-04 3.02e-05 9.77e-05 2.66e-05 1.01e-04 7.63e-05 1.32e-04

Ref. 7.84e-05 5.39e-06 7.84e-05 5.39e-06 7.84e-05 7.30e-05 8.38e-05

=-2 cm,2nd column pure 'Au Al at once 8.39e-05 2.57e-05 6.40e-05 2.05e-05 6.55e-05 4.74e-05 9.07e-05

One at a time 8.26e-05 2.62e-05 6.27e-05 2.00e-05 6.45e-05 4.79e-05 8.69e-05

197Au(n, ) on '’Au Ref. 4.04e-05 3.92e-06 4.04e-05 3.92e-06 4.04e-05 3.65e-05 4.43e-05

z=-2 cm,3rd column pure '”Au All at once 4.05e-05 1.71e-05 2.45e-05 1.08e-05 2.55e-05 1.07e-05 6.59¢-05

One at a time 3.92e-05 1.80e-05 2.32e-05 1.01e-05 2.38e-05 1.02e-05 6.16e-05

Ref. 1.85e-05 2.31e-06 1.85e-05 2.31e-06 1.84e-05 1.61e-05 2.08e-05

z=-2 cm,4th column pure ¥Au All at once 1.77e-05 1.10e-05 8.21e-06 4.08e-06 8.26e-06 3.13e-06 2.55e-05

One at a time 1.89e-05 1.14e-05 8.19e-06 4.50e-06 9.07e-06 2.94e-06 2.78e-05

Ref. 1.52e-05 3.99e-06 1.52e-05 3.99e-06 1.52e-05 1.12e-05 1.91e-05

z=-2 cm,5th column pure ”Au All at once 1.03e-05 8.47e-06 3.57e-06 2.02e-06 3.51e-06 1.16e-06 1.19e-05

One at a time 1.06e-05 8.42e-06 3.54e-06 2.10e-06 3.59¢-06 1.19e-06 1.30e-05

Ref. 1.01e-04 5.12e-07 1.01e-04 5.12e-07 1.01e-04 1.00e-04 1.01e-04

z=-2 cm,1st column pure *In All at once 1.08e-04  5.16e-06  1.08e-04  519e-06  1.10e-04  1.04e-04  1.14e-04

One at a time 1.08e-04 4.97e-06 1.08e-04 5.01e-06 1.10e-04 1.05e-04 1.14e-04

Ref. 3.05e-05 2.77e-07 3.05e-05 2.77e-07 3.05e-05 3.02e-05 3.07e-05

z=-2 cm,2nd column  pure °In All at once 3.16e-05  2.02e-06  3.14e-05  2.00e-06  3.08e-05  2.94e-05  3.26e-05

One at a time 3.15e-05 1.87e-06 3.13e-05 1.85e-06 3.08e-05 2.94e-05 3.25e-05

150 tn7) on 510 Ref. 1.09e-05  1.62e-07  1.09e-05  1.62e-07  1.09e-05  1.08e-05  1.11e-05
z=-2 c¢m,3rd column pure °In

(continued on next page)
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Table C.2 (continued).

All at once 1.13e-05 9.07e-07 1.11e-05 9.00e-07 1.11e-05 1.02e-05 1.20e-05
One at a time 1.12e-05 8.93e-07 1.11e-05 8.92e-07 1.11e-05 1.03e-05 1.19e-05
Ref. 3.48e-06 8.68e-08 3.48e-06 8.68e-08 3.48e-06 3.40e-06 3.57e-06
z=-2 cm,4th column pure *In All at once 3.33e-06 3.79e-07 3.23e-06 3.77e-07 3.26e-06 2.88e-06 3.65e-06
One at a time 3.33e-06 3.97e-07 3.23e-06 3.91e-07 3.27e-06 2.91e-06 3.65e-06
Ref. 1.14e-06 4.29e-08 1.14e-06 4.29e-08 1.14e-06 1.10e-06 1.18e-06
z=-2 cm,5th column pure %°In All at once 1.20e-06 2.06e-07 1.13e-06 1.94e-07 1.13e-06 9.41e-07 1.34e-06
One at a time 1.20e-06 2.20e-07 1.12e-06 2.10e-07 1.13e-06 9.19e-07 1.37e-06

Table C.3
Sensitivity/uncertainty coefficients for ®Li(n,T) on " Li on front Li,CO; in dosimeter pack at z = 2 cm, 1st column. FENDL-3.2b nuclear data libraries used for
transport, IRDFF-II nuclear data libraries for reaction rate tallying.

All at Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Source
once pack pack pack pack pack pack pack pack pack pack at perturbation
at at at at at at at at at z=-2 cm,
z=2 cm, z=2 cm, z=2 cm, z=2 cm, z=2 cm, z=-2 ¢cm, z=-2 cm, z=-2cm, z=-2cm, 5th
Ist 2nd 3rd 4th 5th Ist 2nd 3rd 4th column
column column column column column column column column column

Perturbed Direction [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.]
unit

Dosimeter x [mm] 1.02e-08  1.43e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.60e-08  -8.16e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -1.72e-07  -1.40e-07  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,1st

column

Dosimeter x [mm] 8.02e-09 0.00e +00 -3.85e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
pack y [mm] 9.57e-09  0.00e +00 1.19e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] 8.63e-09  0.00e +00 -4.42e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 c¢m,2nd

column

Dosimeter x [mm] -2.65e-09  0.00e +00 0.00e +00 1.32e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.42e-08  0.00e +00 0.00e +00 4.17e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -4.67e-09  0.00e +00 0.00e +00 -3.90e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,3rd

column

Dosimeter x [mm] -7.92e-09  0.00e +00 0.00e +00 0.00e +00 -5.91e-10 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 4.01e-09  0.00e +00 0.00e +00 0.00e +00 9.62e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] 7.98e-09  0.00e +00 0.00e +00 0.00e +00 -3.91e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,4th

column

Dosimeter x [mm] -1.47e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 -3.18e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -2.25e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.37e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] 6.48e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.90e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,5th

column

Dosimeter X [mm] -3.87e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 7.42e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.23e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 6.99e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] 3.13e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 1.42e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=-2 cm,1st

column

Dosimeter X [mm] -1.86e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -4.82e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.25e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -5.08¢-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -1.33e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.55e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00
=-2 c¢m,2nd

column

Dosimeter x [mm] -3.60e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -2.67e-08 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.97e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.19e-08 0.00e +00 0.00e +00 0.00e +00
at z [mm] -2.12e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.30e-08 0.00e +00 0.00e +00 0.00e +00
z=-2 cm,3rd

column

Dosimeter x [mm] 5.51e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 5.38e-09 0.00e +00 0.00e +00

pack y [mm] -1.00e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 5.03e-10  0.00e +00 0.00e +00
at z [mm] -7.98e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -3.68e-08 0.00e +00 0.00e +00
z=-2 cm,4th

column

Dosimeter x [mm] -1.97e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 7.15e-09  0.00e +00
pack y [mm] -2.30e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 2.58e-08  0.00e +00
at

z=-2 c¢m,5th
column

(continued on next page)
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Table C.3 (continued).
z [mm] -2.30e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 4.15e-08 0.00e +00

Source x [mm] -7.90e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -3.36e-09
position z [mm] 5.63e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 1.20e-08
Source x dir. -7.99e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 2.42e-08
direction ref(0,1,0)
z dir. 1.70e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 3.96e-08
ref(0,1,0)
Const 8.60e-06  8.59e-06 8.08e-06  8.09e-06 8.08e-06  8.10e-06  8.10e-06  8.09e-06  8.12e-06 8.07e-06  8.07e-06  8.05e-06
Table C.4

Sensitivity/uncertainty coefficients for °Li(n,T) on "*Li on front Li,CO; in dosimeter pack at z = 2 cm, 5th column. FENDL-3.2b nuclear data libraries used for
transport, IRDFF-II nuclear data libraries for reaction rate tallying.

All at Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Dosimeter Source
once pack pack pack pack pack pack pack pack pack pack at perturbation
at at at at at at at at at z=-2 cm,
z=2 cm, z=2 cm, z=2 cm, z=2 cm, z=2 cm, z=-2 cm, z=-2cm, z=-2cm, z=-2cm, 5th
Ist 2nd 3rd 4th 5th Ist 2nd 3rd 4th column
column column column column column column column column column

Perturbed Direction [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.] [per Dir.]
unit

Dosimeter x [mm] -1.42e-10  -3.93e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.54e-09  -5.45e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -6.41e-10  6.26e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,1st

column

Dosimeter x [mm] -2.64e-09  0.00e +00 -5.43e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -3.04e-09  0.00e +00 -4.02e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -7.50e-09 0.00e +00 -5.31e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 c¢m,2nd

column

Dosimeter X [mm] 1.61e-09  0.00e +00 0.00e +00 -6.40e-11  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 1.67e-09  0.00e +00 0.00e +00 -4.70e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -1.91e-09 0.00e +00 0.00e +00 -3.17e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,3rd

column

Dosimeter X [mm] -5.38e-09  0.00e +00 0.00e +00 0.00e +00 -1.44e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] 4.45e-11  0.00e +00 0.00e +00 0.00e +00 3.94e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -5.30e-10  0.00e +00 0.00e +00 0.00e +00 2.99e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,4th

column

Dosimeter X [mm] -8.58e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 1.24e-08  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -3.61e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 -4.26e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -1.19e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.87e-08 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=2 cm,5th

column

Dosimeter x [mm] -8.69e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -7.60e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -4.71e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -5.76e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] 1.29e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -6.48e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=-2 cm,1st

column

Dosimeter x [mm] -3.75e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -6.08e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -7.24e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -2.99e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00
at z [mm] -1.98e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 7.71e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00
z=-2 cm,2nd

column

Dosimeter x [mm] -4.01e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -5.07e-10 0.00e +00 0.00e +00 0.00e +00

pack y [mm] -3.95e-09 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 2.51e-10 0.00e +00 0.00e +00 0.00e +00
at z [mm] -6.14e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -2.58e-09 0.00e +00 0.00e +00 0.00e +00
z=-2 cm,3rd

column

(continued on next page)
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Dosimeter x [mm] -3.40e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -8.35e-10 0.00e +00 0.00e +00
pack y [mm] -1.46e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -4.63e-11  0.00e +00 0.00e +00
at z [mm] -1.51e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -3.42e-10 0.00e +00 0.00e +00
z=-2 cm,4th
column
Dosimeter x [mm] -3.55e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 1.97e-09  0.00e +00
pack y [mm] -3.18e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.82e-09 0.00e +00
at z [mm] -5.64e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -2.86e-08 0.00e +00
z=-2 c¢m,5th
column
Source x [mm] -2.03e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 2.41e-09
position z [mm] -8.58e-10  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 4.04e-09
Source x dir. 2.54e-10 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -6.03e-09
direction ref(0,1,0)
z dir. -4.42e-09  0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 0.00e +00 -1.19e-08
ref(0,1,0)
Const 6.73e-07  6.61e-07  6.65e-07  6.58e-07 6.60e-07 6.67e-07 6.68e-07 6.69e-07 6.63e-07 6.63e-07 6.77e-07  6.61e-07
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