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ABSTRACT

A blankets-coupling one-dimensional model is suggested
for the neutronics analysis of the SOLASE-H design. It yields
results that are comparable to those of the 3-D Monte Carlo
analysis for the fissile production and tritium breeding. The
sensitivities of these responses are dominated by the 232Th
capture, 6L1 (n,a)t, Pb (n,2n), and Pb elastic cross sections.
The uncertainties are 6.2% and 3.1% for the fissile production
and tritium breeding, respectively.



A. Introduction

The fusion-fission hybrid concept which combines both
fission and fusion has been studied extensively by various

researchers. 1~>

The coupling utilizes the advantages of both
fusion and fission processes. In general, the fission event is
considered to be power-rich as 200 MeV is released per

fission event compared to 17.6 MeV per D-T fusion. On the other

hand, fusion is neutron-rich in the sense that high energy

14.06 MeV D-T neutrons are available for neutron multiplication
processes such as (n,2n), (n,3n), and fast fission while

fission neutrons average only 2 MeV. The attractiveness of
such a hybrid system is therefore due to its ability to produce
both fissile fuels and electric power, though the emphasis May
lean to one or the other depending upon the design goal of a
specific hybrid system. Another factor is that larger energy
multiplication enables us to relax the fusion energy requirements.
For instance, sub-Lawson plasma confinement parameters in
magnetic confinement fusion or Tow laser/particle beam conversion

efficiencies in inertial confinement fusion would be feasible,



which could lead to the introduction of hybrid reactors into

the economy earlier than pure fusion devices.

The emphasis on fissile fuel production in a hybrid system

leads to the concept of a Fusion Fuel Factory (FFF) discussed by

6 233 239

Bethe. Pu) are produced by neutron
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capture in the fertile materials (“°“Th or U) for subsequent

use in power-generating fission reactors. The main reactions are

as follows:
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The artificially produced fissile fuels would be used to alleviate
the pressure of a supply shortage of 235U, the only naturally-
existing fissile isotope. Typical fission reactor fuel assemblies
containing natural or depleted materials can be inserted into the
hybrid blanket to enrich the fissile concentration to 3-4% before
shipping them to the fission reactors for direct use. The aspect

of eliminating reprocessing and possible refabrication contri-

butes to tighter proliferation control. It is also possible to
make the fuel cladding highly radioactive for safeguard consider-
ations. The linkage between a hybrid reactor as a fissile fuel

factory and electricity generating fission reactors has been



discussed by several researchers.G’7

In this chapter, the sensitivity and uncertainty analysis for
a laser-driven fusion-fission hybrid reactor, SOLASE-H, is

233U fuel for a

presented. The reactor is designed to produce
typical Light Water Reactor (LWR) fuel assembly. The neutronic

design criteria are to have maximum fissile fuel production

2321 4o

chosen as the fertile isotope since 233U has better performance

and to maintain self-sustaining tritium production.

in thermal converters. The SOLASE-H blanket studied here is
slightly changed from earlier stud‘iess’8 as a result of a
previously unreported optimization study and fulfills the design
goals better. Section B presents the blanket description and
neutroniclanalysis which feature an axial-radial blanket

coupling model. Sensitivity results are shown in Section .C
where a description of the difference of sensitivity analysis be-
tween pure fusion and fusion-fission hybrid systems is also given,
Section D concludes this chapter by presenting the cross section

uncertainty analysis.

B. Neutronics Analysis

a. Blanket Description and Ca]éuIational‘Model

The SOLASE-H reactor geometry is shown in Reference 5. The

point 14.1 MeV neutron source results from the laser-induced fusion



reactions at the center of a cylindrical cavity of 6 m radius and
12 m height. Three Light Water Reactor (LWR) fuel assemblies,

4 m Tong, are arranged on top of each other in the radial

blanket. An axial blanket located at the top and bottom of the
radial blanket is used for both neutron multiplication and

tritium breeding. The blanket configuration and materials are
slightly different from that of Reference 5 as a result of conti-
nuing study by the hybrid research group at the University of
W1'scons1'n.9 Zircaloy-4 has been chosen as the first wall and
structural material and reactor grade graphite is used as the
reflector material. Natural Tithium is used in this blanket for
two main purposes: (1) breeding adequate tritium to make

SOLASE-H self-sustaining, and (2) filtering the slow neutrons to
reduce the fissioning of the bred 233U. Lead canned in Zircaloy-4
and cooled by sodium is chosen as a neutron multipiier. The
thicknesses of the Pb zones immediately following the first wall
in the axial and radial blankets are 25 cm and 8.4 cm, respectively.
This resulted directly from an optimization study in an effort to
maximize the fissile breeding while maintaining tritium breeding

around unity.

In the axial direction the blanket consists of a 0.2 cm first

wall, 25 cm neutron multiplier zone, 40 am tritium breeding



zone, 40 cm reflector zone, and another 6.3 cm of tritium breeding
material. In the radial blanket, the first wall, 0.2 cm thick, is
immediately followed by an 8.4 cm thick neutron multiplier zone, a
2.1 cm Li zone, and then the 21.8 em thick fissile breeding

zone. In the azimuthal direction the fuel assemblies alternate
with neutron multipiier zones with a fuel-to-multiplier volume
ratio of 1 to enhance the neutron multiplication further. A
homogenized mixture of fuel and multiplier will be used in the
one-dimensional model. The rest of the blanket following the

fuel zone consists of Li (2.1 cm), Pb (8.4 cm), Li (25.2 cm),
structural material (2 um), reflector (30 cm), structural

material (2 cm), and Li (6.3 cm). Figure 1.  shows the configura-
tion of a coupled one-dimensional model for the SOLASE-H blanket.
The material composition and nuclide densities are listed in

Table 1.

The blanket neutronics calculation is performed with a P3- 54

approximation by the one-dimensional discrete transport code

ANISN.IO A data library with 25 neutron energy groups is prepared

from the DLC-41/VITAMIN-C 1ibrary11 by use of the AMPX12 data

processing system. The group structure can be found e]sewhere.8
The D-T neutron source is from the laser-pellet inter-

action in the center of the reactor cavity. The source strength

is limited by the radiation damage to the reactor first

wall. A2 MW/m2 neutron wall Toading is chosen for the reactor



cavity of radius 6 m. The total 14 MeV neutron power is therefore
417(6)2 "2 = 904.8 MW, which is equivalent to a neutron source

strength of 4.005 x 1020 D-T neutrons/sec.

One-dimensional slab geometry is used in this study. The
radial and axial blankets are coupled together to take into
account the strong correlation between the two blankets. An
anisotropic neutron source which distributes the D-T neutrons by
a proportion to the axial and radial blankets with respect to
their corresponding solid angles (0.293 and 0.707, respectively)
is employed. The ANISN code has been modified to accommodate
the angularly dependent distributed source. The reasons for this
approach are two-fold. Firstly, it gives a result comparable to
that of the three-dimensional Monte Carlo calculations. The
simple solid angle weighting approach, in which the 1-D transport
calculations are performed for the radial and axial blankets sepa-
rately and the results weighted by their corresponding solid
angles are summed up to obtain the combined result for the
system, has been found to have a large discrepancy with respect
to the result from the 3-D Monte Carlo calculations. For
instance, in an earlier SOLASE-H neutronics analysis, Ragheb et
a1.413 find that the simple solid angle weighting model over-
estimates the fissile breeding by 38% (0.660 vs. 0.479) and
underestimates the tritium breeding by 21% (0.881 vs. 1.112). It

will be shown later that these discrepancies can be reduced



drastically with the coupled blanket model. Secondly, it would
not be possible to evaluate the sensitivity of a response in

the radial blanket, for instance, the fissile breeding ratio, to
the cross sections of the nuclides in the axial blanket if the
decoupled model were used. It is obvious that the blanket coupling
technique is essential from the viewpoint of sensitivity and

uncertainty analysis.

b. Discussion of Results

Table 2 shows a summary of the neutronics calculations in
the SOLASE-H blanket. In this study, we concentrate on two
primary responses - the tritium breeding and fissile breeding.
Two slightly different blanket systems are studied. One is the
fresh fuel system which represents the initial inventory of the

PWR fuel assemblies, and the other with 4% of 232

233U.

Th replaced by

For the fresh fuel system the fissile breeding ratio is
0.4252 and the tritium breeding ratio is 1.1276 which satisfacto-

rily meets our design criterion of a self-sustaining system in

6

tritium. 98.1% of the tritium production comes from the “Li (n,t)

reaction, although natural Tithium is used, due to a softer
neutron spectrum resulting from Pb (n,2n) reactions. About 40%
of the total tritium production is from the radial blanket. Fast

232

fission of Th does not have a great impact on the overall



neutron economy in this system since only 0.018 fission neutrons
are produced by thorium per D-T neutron. Neutron multiplication
comes mostly from the Pb (n,2n) reactions (0.6177) while the

Zr (n,2n) reaction contributes 0.11 neutrons per D-T neutron.

In the previous section, we pointed out the inadequacy of
the simple solid angle weighting model and suggested a better
model which couples the axial and radial blankets together. In
a 3-D Monte Carlo calculation for the same system, the comparable
results are 0.434 for the fissile breeding ratio and 1.08 for

the tritium breeding rat'io.9

Thus, the 1-D coupled model gives
excellent agreement with 3-D Monte Carlo estimates

of the fissile and tritium breeding (2.0% and 4.4% difference,
respectively). The success of the 1-D coupled model can be
understood in that it is able to redistribute the secondary
neutrons produced by the Pb (n,2n) reaction in the neutron

multiplication zones immediately adjacent to the first wall while

the solid angle weighting model fails to do so.

233

In the system with 4% U, the most notable effect is the

233

introduction of 0.2303 neutrons per D-T neutron from the U

fission reaction. Among those extra fission neutrons, 0.005 and

232Th and 6Li, respectively, to

0.106 neutrons are captured by
increase the fissile breeding from 0.425 to 0.430 and the

tritium breeding from 1.128 to 1.234. Thus, the presence of the



233

bred U in the fuel assembly has negligible effect as far as

the fissile production rate is concerned and only alters the

233

total tritium production slightly. Nevertheless, the U

absorption reaction, 0.101 per D-T neutron, represents the rate

233

that the bred U is being depleted and may be of prime importance

in the burnup calculation.

With a fissile breeding ratio of 0.4252 and a source
strength of 4.005 x 1020 n/sec, the rate of fissile fuel
prbduction would be 1.703 x 1020 233U atoms/sec, which is

233

equivalent to a yearly U production of 2.079 tons. The yearly

income on the sale of fissile fuels produced from SOLASE-H,
assuming that the average worth of 233U fuel is $50/gm,8 is

therefore about 104 M$§. Here we only intend to obtain a rough

233

estimate of the income from the sale of the bred U fuel. A

more detailed economic analysis would have to consider the

interest rate, residence time of the fuel assembly, 233

U burnup,
spatial distribution of the enrichment, technique of rotating
the fuel assemblies for achieving a more symmetrically distributed

enrichment, initial thorium inventory, etc.

C. Sensitivity Analysis

a. Sensitivity Theory in a Multiplying Medium

Sensitivity theory of a fusion-fission hybrid system differs
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from that of a pure fusion system only by the presence of the
multiplying medium. In such a system the fission cross sections
will influence the calculated results of

interest and are usually not negligible. The relative sensitivity
function of a response R with respect to a particular cross
section 1 at energy E and position r, P(r,E), can be derived from
the basic definition, P = (z/R) (3R/az) and the result from first

order perturbation theorty,14 i.e.,

+ *
SR= (4,67) = (4.8L79 ), (1)
where *
¢,¢ = forward and adjoint angular fluxes,
Lt = adjoint transport operator,
Z. = response function which is also the adjoint

source for the adjoint equation,

and ( , ) represents the integration over the phase space. Upon
separating the adjoint transport operator, P(r,E) can be expressed

as the sum of four terms. That is,
PUPSE) = Pyg(rE) + Py (ruB) + P (rE) + P (),

where

Pde(r,E) detector term (direct effect)

i

azr(r,E)

WZ}(Y‘,E) fdes(r,E, Q)/R, ‘ (2)
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Pfg(r,E) fission gain term

v(E)zf(r,E){fdm(r,E,sz)}fde'dsz'x(E')q»*(r,E',n')/R,
(3)

scattering gain term

Z -z-g-l—de'{[/anz(Q)Mr,E,sz)] Z:(E+E')

L

Psg(r,E)

[fdn'Pl(g'n*(r,E',n’)l MR, (4)

PC1(r,E) = collision loss term

- Z(r,E)fd%*(r,E,n)Mr,E,sz)/R (5)

Note that the detector term exists only if (1) £ is the response
function itself or, (2) any change in I will affect the response
function (for instance, if 6Li(n,t) is the cross section of
interest while the response is total tritium produétion). Also,
notice that there would be no scattering gain term if I were an
absorption cross section. It is the fission gain term that
accounts for the effect of fission cross sections of the fission-

able nuclides in a fusion-fission hybrid system.

15 developed for

The cross section sensitivity code SWANLAKE,
cross section sensitivity calculation in radiation transport
problems, does not have the capability of dealing with the fission

process and the response function itself. Some modifications of
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SWANLAKE are therefore needed in order to carry out the sensiti-

vity analysis for SOLASE-H. A modified SWANLAKE code is given in the
Appendix which also shows the detailed input instructions and

output description.

b. Sensitivity of Fissile Breeding and Tritium Breeding

Only two primary responses of SOLASE-H have been investigated
here, i.e., fissile breeding and tritium breeding. Table 3
presents the energy-integrated sensitivities with respect to a
list of total and partial cross sections for the fresh fuel system
of the SOLASE-H blanket, while Table 4 shows the result for the
4% 233U system. A1l the numbers represent the total effect (sum
of direct and indirect effects) summing over all spatial zones.
The numbers under the total cross sections must be exactly the
sum of partial cross section sensitivities. This peculiar
phenomenon, which is caused by the combined effects of the
linearity of the transport operator and the first order sensi-
tivity theory and would not be true for higher order theory, can
be utilized for checking the consistency of the calculated sensi-

tivity. The partial transfer matrices are generated from the

DLC-41/VITAMIN-C data 1ibrary via the AMPX module NITAWL.

Figures 2 to 17 show a series of sensitivity profiles.
These are graphic displays of relative sensitivity per unit

lTethargy with respect to neutron energy. Solid (dashed) 1ines
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represent negative (positive) sensitivities where the response
decreases (increases) as the cross section increases. By
visualizing these profiles one can immediately identify, for a
particular response, in what energy range a particular cross
section type would have the greatest impact. It provides the
information by which we are able to pre-select the most important
cross section as a function of nuclide, spatial zone, reaction
type, and energy range for the uncertainty analysis. Otherwise,
the ungertainty analysis would be a very tedious process if all
the sensitivity data were to be used for the uncertainty calcu-

Tation.

For the fresh fuel system the fissile breeding is most

sensitive to the cross sections of 232Th, Pb, and 6Li with the

total sensitivities of 0.4057, 0.3778, and -0.2208, respectively.
Among the partial cross sections of 232Th, the Tlargest sensitivity
is from the capture reaction, 0.3545, which has a flux perturba-
tion term of -0.6455 and a direct effect of 1.0 since the capture
cross section is the response function itself. Fission cross
section and fission yield do not play an important role in this
system with sensitivities of 0.0077 and 0.0125, respectively.
Sensitivity profilesfor the direct effect of the Th (n,y) cross
section merely resemble. a detailed energy-dependent fissile
production rate which is peaked at about 1 keV. The sensitivity

to the lead total cross section is 0.378 where 0.245 and -0.002
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comes from zone 14 and zone 10, respectively. It implies that

the 8.4 cm Pb zone thickness in the radial blanket is adequate as
far as maximizing fissile breeding is concerned. It also suggests
that increasing the Pb zone thickness in the axial blanket could
still enhance the fissile production due to the fact that

Pb (n,2n) neutrons produced in the axial blanket would transport into
the radial blanket and therefore contribute to the fissile
production. Although the sensitivities from the Pb (n,3n) and
inelastic scattering cross sections are small, 0.011 and 0.018,
respectively, they are not negligible because of large uncer-
tainties associated with these cross sections and will inevitably
have considerable contribution to the fissile breeding uncertain-
ty. The rest of the cross section sensitivities are considerably
smaller except in the case of °Li (n,t) cross section which
dominates the Tower energy regime with the characteristic 1/v
behavior. Incidentally, most of the elastic scattering processes
have positive sensitivity in the energy region above 1 keV where
the scattering process tends to gradually slow down the high

energy neutrons into the 232

Th resonance region. In contrast
sensitivities are negative because of strong competition from the

6.5 (n,t) reaction for the energy region below 1 keV.

For the total tritium production, it was pointed out earlier

that 51 (n,t) and 74 (n,n')t have a respective contribution of
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98.12% and 1.88%. Thus, the direct effects to the sensitivity of
the tritium breeding would be 0.9812 and 0.0188 for the 6Li (n,t)

74 (n,n')t cross sections, respectively. The sensitivity

and
calculation by the modified SWANLAKE program shows 1.1298 and
0.0188, respectively. The inconsistency for the 6L1 arises from
the following effects: (1) the 6Li (n,t) cross section is very
large in the thermal energy range, (2) the sensitivity calculation
uses the boundary angular fluxes instead of scalar fluxes. In

a sensitivity calculation, the angular flux for a particular mesh
interval is computed by arithmetically averaging the two boundary
fluxes directly taken from the discrete transport code, e.g.,
ANISN. The scalar flux used for calculating the direct effect

(Eq. 2) is merely the sum of angular fluxes multiplied by their
angular weightings. On the other hand, the response calculated

in ANISN uses the interval scalar fluxes directly instead of
boundary fluxes. If the variation of the spatial flux distribution
is not large, consistent results from the two different approaches
are to be expected, as in the cases of fissile breeding and the

7Li (n,n')t reaction. Unfortunately, that is not the case for the

6Li (n,t) reaction where the thermal group contributes considerably
and the thermal flux changes drastically across the boundaries
separating the Li zone and the other non-Li zones. Consider a

mesh interval inside the 6Li Zone near a zone boundary. Llet

Ni’ N1+1, and N be the flux levels for the two interval boundaries
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and the interval average, respectively. Given Ni and let S, V,
A, u, o be the source, volume, area, angular weighting, and total

cross section, respectively, for slab geometry, then N1.+1 and N

are usually solved by the linear model in conjunction with the

diamond-difference model. That is,

and
SV + 2uA N,
N=——-—-——1_
oV + 2uA . (7)

In the case that ¢ is large enough to cause a negative N1+1,

which is physically meaningless, a step model is instead

implemented to have the following expression:

Sv + UA N'i
Vo =N (®)

Then the interval flux is no longer the arithmatic average

of the boundary fluxes and the above-mentioned discrepancy occurs.
In the SOLASE-H blanket, the thermal group fluxes change rapidly
across the mesh intervals near the L,i zone boundary where the
Tinear model fails. Thus, in these intervals we would find the
occurrence of an inconsistency. A simple calculation shows that
the difference in the thermal energy region between N and %

(N1. + Ni+1 } near the Li zone boundary is as high as 80% even when
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a 1 cm interval thickness is used. There are two alternatives
for remedying the above-mentioned inconsistency: (1) Using the
scalar fluxes from ANISN to calculate the direct effect which will
Tead to a correct direct effect but the total effect would be
misleading since the indirect effect is always calculated from
the boundary fluxes, (2) Decreasing the mesh size near the Li

zone boundary which would give us a consistent set of sensitivity
coefficients but the computational effort increases accordingly.
The second alternative is recommended if the computing cost is

not a major factor.

Table 4 presents the result of sensitivity calculations

233

for the 4% U system. No partial cross section sensitivity

calculation except for 233

U is performed since the sensitivities
for the total cross sections are only slightly different from
those of the fresh system. As far as the partial cross

sections of 233

U are concerned, both fissile and tritium breeding
are most sensitive to the neutron yields per fission, v, with

their respective sensitivities of 0.1585 and 0.1265.

D. Uncertainty Analysis

The uncertainty of a response R, AR, defined as the square
root of its variance, can be computed from the sensitivity to the

data field and the data covariance matrices. A general matrix
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representation of AR, derived from the statistical error propaga-
tion theory, and the first order perturbation theory, has the

following form:10

(aR)? = spst, (9)

where S is a row matrix representing the sensitivities of R
with respect to a set of cross sections, St is the transpose
of S, and D is the data covariance matrix. In practice, the
relative sensitivity matrix P is given from a sensitivity code

and a modified form is implemented. That is

(aR/R)Z = P D P, (10)

where D is the relative covariance matrix. Eq. (10) connects
the data covariance and sensitivity for estimating the uncertainty

of a given response.

During the past few years, some progress has been made at
generating a reasonable amount of covariance data for use in the
fast reactor program. Unfortunately, there are still only a limited
amount of covariance data available for fusion application even with
the release of the ENDF/B-V files. In the case that the response
is sensitive to a particular cross section and its covariance

data cannot be found, one has
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to take some educated guesses which would inevitably cause

concerns over the accuracy of the uncertainty calculations.

In the SOLASE-H blanket we are fortunate to have uncertainty
files available from ENDF/B-V for most of the important cross

232

sections. Covariance matrices for Th, 160, 6Li (<1 Mev),

12 pp ang 23

Na are processed from the ENDF/B-V uncertainty
files by the UNCER code.17 A set of 10% uncorrelated standard
deviations is assumed for 7Li and Zr, due to lack of covariance
files, to give a rough estimate of the contribution from these
two nuclides. Table 5 shows the reaction MT numbers18 to be

used in this section.

Figures 18 to 24 present a series of graphs resulting
from application of the UNCER code. For each reaction type, the
correlation matrix is shown on the top half of the figure, while
the group cross sections and relative standard deviations,
shown in solid and dashed Tines, respectively, are in the bottom
half. Correlation matrices for different reaction types are
also plotted without showing the cross sections and standard
deviations. MAT and MT are numbers are designated for nuclide and
reaction type, respectively, in the usual ENDF/B convention.
Upon Tooking at these graphs, one can immediately have a clear
image of how the basic nuclear data are correlated and what the

cross sections and their uncertainties are as a function of energy.
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Usually the correlation between two cross section types of
different nuclides is possible if the cross section evaluation
involves a standard cross section (for instance, 235U fission
cross section or 108 (n,q) cross section). Then it would not be
practical to identify the contribution to a response uncertainty
by a particular nuclide since there exists a so-called cross-MAT
term. In our case, no cross-MAT correlation has been found that
enables us to break up the total response uncertainty into the
sum of contributions from different nuclides. Tables 6 and
7 show the calculational results for the uncertainty of fissile

breeding and tritium breeding, respectively.

For the fissile breeding, the total uncertainty from all
the nuclides is 6.19%. 232Th cross sections alone contribute
3.89% and Pb cross sections produce 4.67%. Uncertainty due to
the rest of the nuclides is negligible. The 232Th (n,y) cross
section has the dominant contribution among all the 232Th partial
cross sections due to its large sensitivity. For the Pb partial
cross sections, we find that the fissile breeding uncertainty is
dominated by inelastic, (n,2n), and (n,3n) cross sections. The
large (n,2n) contribution is justifiable because of the large
sensitivity. On the other hand, the domination of (n,3n) and
total inelastic cross sections is only caused by their unusually

large standard deviations in the high energy region (Fig. 21).
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These peculiarly large standard deviations occur in the high
energy range due to the fact that these cross sections are
"derived" from other "evaluated" cross sections (total, elastic,
absorption, (n,2n), etc.). Subsequently the covariance matrices
for these cross sections are also "derived" from other cross
sections. In the process of deriving these covariance matrices

in computer programming, some approximatiorsare used and precision
might possibly be lost which can lead to the unreasonably large
standard deviations. This could be remedied if double precision

and a better approximation are implemented.

For tritium breeding, the total uncertainty from all the

232Th and Pb cross sections alone contri--

nuclides is 3.10% where
bute 1.10% and 2.75%, respectively. The detailed contributions
from the partial cross sections generally tend to have the same

trend as those of the fissile breeding uncertainty.

The economic implication of the calculated fissile breeding
and tritium breeding uncertainty can not be easily analyzed
unless a full scale economic analysis of the SOLASE-H design is
performed. Also needed is a more detailed neutronic analysis
which should include the burnup calculation, the effect of fuel
zone management for a more evenly distributed enrichment, as well
as the comparison between 3-D and 1-D models. The economic

233

analysis would then have to include not only the worth of U
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fuel production but also how these bred fuels would support the
LWR's for actual electricity generation. A much simplified

analysis is given here.

In an earlier section, it was pointed out that a fissile
breeding ratio of 0.4252 corresponds to a yearly income of
104 M$ on the scale of 2.079 tons fissile fuel produced in SOLASE-H.
With the fissile breeding uncertainty of 6.19%, exclusively due
to data uncertainty, the yearly fissile fuel production is then
2.08 + 0.13 ton (one standard deviation). Thus, the uncertainty
in fissile breeding corresponds to a uncertainty in yearly fuel
sale of 6.43 M$, not to menrtion the economic impact on those

power generating LWR's that SOLASE-H would support.

Uncertainty of the tritium production is generally considered
of secondary importance as long as the system remains self-
sustaining in tritium. A 3.1% uncertainty in tritium breeding
should not have any significant impact with the possible exception

of designing the tritium handling system.

Uncertainty analysis such as we discussed earlier can be
very powerful in identifying where the cross sections should be
improved. For instance, the dominant contributions to the fissile
production uncertainty for the SOLASE-H blanket are found to be
(1) the 232Th (n,¥) in group 21, (2) Pb (n,2n) in group 1,
(3) Pb (n,3n) in group 1, (4) Pb total inelastic in group 1, and
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(5) Pb total inelastic in group 16. Table 8 shows the standard
deviation and sensitivity coefficient of these cross sections.
The domination is due to (1) large sensitivity, (2) large data
uncertainty, or (3) a combination of (1) and (2). From Table 8
we find that these cross sections alone lead to the fissile
breeding uncertainty of 5.5%, which is comparable to 6.2%,

the sum over all the nuclides. A thorough examination of the
ENDF/B-V uncertainty files reveals, as far as the Pb evaluation
is concerned: (1) a 30% uncertainty for the (n,Y) cross section
from 10 to 20 MeV, (2) a 5% uncertainty for the nonelastic
cross section from 5 to 20 MeV, (3) a 10% uncertainty for the
(n,2n) cross section from 12 to 15 MeV, (4) a 15% uncertainty
for the inelastic cross section from 14 to 16 MeV, (5) that from
14.179 MeV, the threshold energy, to 20 MeV, the (n,3n) cross
section is derived as nonelastic-inelastic - (n,2n) - (n,Y), and
(6) from 9 to 14 MeV, the inelastic cross section is derived as
nonelastic - (n,2n) - (n,Y). It is the implementation of those
"derived" cross sections which usually causes an uncertainty
files processor such as UNCER to have some unusually large
standard derivations due to the lack of precision in computation.
[t is therefore suggested that either the uncertainty files
evaluator give a direct estimate of data uncertainty instead

of those "derived" forms or implement a better uncertainty file

processor with superior precision and approximation in order to
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obtain more reasonable covariance matrices for the cross sections

such as Pb (n,3n) and total inelastic.

If the standard deviations of the Pb (n,3n) and inelastic
cross sections are to have a reasonable value, say 20%, one could
immediately draw the conclusion that the fissile breeding
uncertainty will be dominated by the 232Th (n,y) and Pb (n,2n)
Cross sections. Then the target data improvement would be
(1) the 2327y (n,v) cross section around 1 keV and (2) the Pb(n,2n)
cross section in the 14 MeV region. This conclusion should be
attainable qualitatively even without an uncerta1nty calculation
since (1) the 232Th (n,y) cross section is the response function
itself and (2) the Pb (n,2n) is the major neutron multiplication
reaction which induces extra neutrons to improve the neutron
economy. Nevertheless, uncertainty analysis does give a
quantitative result to the uncertainty of the responses of interest
and should provide a basis for quantitative data assessment and,
given a set of pre-defined margins on the design parameters, whether

or not the calculated response uncertainties are tolerable.
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Table 1

Material Compositions of SOLASE-H Blanket

Nuclide
Densities
(nuclei/
Code Material Composition Elements | (barn-cm))
A First Wall and | 100% v/o Zircaloy-4 Ir 4.372-2
Structural 98.24 w/o ZIr + Sn 4.962-4
Material 1.45 w/o Sn + Cr 7.812-5
.21 w/o Fe + Fe 1.527-4
.1 w/o Cr
B Neutron 65.03 v/o Pb + Pb 2.145-2
Multipli- 26.53 v/o Na + Na 6.748-3
cation 8.44 v/o Zr 3.692-3
Zones Zircaloy-4 Sn 4.188-5
Cr 6.593-6
Fe 1.289-5
C Fissile 28.10 v/o ThO2 + Th 6.415-3
Breeding 60.28 v/o Na 0 1.283-2
Zones 10.47 v/o Na 1.533-2
Zircaloy-4 + Zr 4.580-3
1.15 v/o Void Sn 5.195-5
Cr 8.179-6
Fe 1.599-5
D | Tritium 68.78 v/o natural Li gLi 2.364-3
Breeding + 23.25 v/o Na Li 2.950-2
Zones + 7.97 v/o Zircaloy-4 Na 5.914-3
Ir 3.486-3
Sn 3.955-5
Cr 6.226-6
Fe 1.217-5
E Reflector 100% Reactor grade C 8.373-2
Zones Graphite
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Table 2

Summary of Neutronics Calculations for SOLASE-H Blanket

Fresh Fue] a3 233
Reactions Radial |[Axial [ Total [Radial [ Axial | Total
Th (n,x) 4252 4304
OLi (n,a)t 4457 |.6607 |1.1064 |.5147 | .6980 |1.2127
L3 (nyn'a)t .0108 |.0104 | .0212 [.0112 | .0103 | .0215

Tritium Breeding |.4565 .6711 [1.1276 {.5259 .7083 1.2342

Neutron Leakage |[.0097 .0061 | .0158 |.0120 .0063 | .0183

Pb (n,2n) .3227 .2950 | .6177 [.3229 .2950 | .6180
Th (n,2n) . .0121 .0118
Fission neutrons .0181 .0200
from Th

Fission neutrons .2303
from 233U

Parasitic .2327 .2495
absorption

233 absorption .1005

Remark: A1l numbers are in the unit of reactions/source neutron.
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Table 3

Energy-Integrated Relative Sensitivities for

SOLASE-H Blanket (Frésh Fuel)

Cross Sections Fissile Breeding Tritium Breeding
23211 total .4057 -.1073
fission .0077 .0053
capture .3545 -.1004
v .0125 .0096
elastic .0074 ~.0036
inelastic .0263 -.0121
n,2n .0051 .0016
n,3n .0047 .0019 .
Pb total .3778 -. 1125
absorption -.0233 -.0190
elastic .2293 -.1155
inelastic .0175 -.0532
n,2n .1432 .0714
n,3n .0110 .0037
bi total -.2208 1474
n,t -.2263 .1503
elastic .0056 .0024
inelastic -.0001 0004
i total 0487 -.0023
absorption -.0003 -.0009
elastic .0485 -.0153
inelastic .0005 .0143
n,2n .0002 .0003
165 tota] .0858 -.0394
absorption -.0030 -.0027
elastic .0912 -.0342
inelastic -.0024 -.0025
Ir  total .0347 -.1186
absorption -.0790 -.0639
elastic .0964 -.0442
inelastic -.0023 -.0266
n,2n .0196 .0161
23Na  total .1478 -.1706
absorption -.0546 -.0432
elastic .2007 -.0864
inelastic .0005 -.0412
n,2n .0010 .0001
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Table 4

Energy-Integrated Relative Sensitivities for
SOLASE-H Blanket (4% 233y)

Cross Sections Fissile Breeding Tritium Breeding
2321 total 4272 -.1404
Pb total .4016 -.0897
61 total -.2370 .1314
71§ total .0537 -.0017
120 total .0001 .0386
Zr total .0428 -.1165
23Na total .1598 -.1622
160 total .0926 -.0363
233) total 0335 .0876
fission .0446 .0914

v .1585 .1265

capture -.0125 -.0034
elastic .0003 -.0001
inelastic .0009 -.0003
n,2n .0001 .0000
n,3n .0000 .0000
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Table 5

Definition of Reaction MT Numbers

MT Number Cross Sections

1 total
2 elastic
3 non-elastic
4 total inelastic
16 n,2n
17 n,3n
18 fission

101 absorption

102 n,Y

103 n,P

104 n,d

105 n,t

106 n,3He

107 n,a

452 v, average neutron yield per fission

event
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Table 6

Uncertainty of Fissile Breeding Ratio ( (AR/R)Z) Contributed

from Different Nuclides in SOLASE-H Blanket

Sum over all nuclides

3.832+1, AR/R =

6.190%

(a) 2327y, (b) 6o
MT] 18 102 452 MT 2 4 101
181 3.566-3 » - 2| 1.484-2 4.054-5 -8.325-7
02| - 1.509+1 - 4| 4.025-5 1.243-3 -3.507-4
a52| - - 1.157-4| |'101] -8.870-7 -3.510-4 1.172-3
sum = 1.500%1, AR/R = 3.8857 | [sum = 1.663-2. AR/R = 0.120%
(c) OLi (d) 1%
!
MT 2 105 ML 2 101
2 [3.871-4 - 2| 4.506-7 - |
105 | - 2.440-2 101] - 652-7 ;
Tsum = 2.479-2, AR/R = 0.157% sum = 7.158-7, AR/R = 0.001% 1
(e) Pb
T 7 g 17 101
7T 3.722-1 - - - -
4 - 2.92940  1.727+40  1.235-1 -5.730-7
16 - 1.729+0  1.758+0  -5.149+0 -
17 - 1.235-1 -5.149+0  2.334+1  1.596-6
101 -5.747-7 1.596-6  1.729-2
ST I T T iR = T e
(£)_ %a () Li (h) 7 ’
MT| 2 4 w01 w1 Twr 1
7T 3.500-T - 1.080-3 | I 1.003-1 1 3.660-1
4] - 2.733-1 - LﬁR/R-O 317% 11AR/R 0.605%
101} 1.5003-3 - 2.724-1 *
sum = 8.993-1, AR/R = 0.0487%
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Table

7

Uncerfainty of Tritium Bkeeding Ratio ( (AR/R)Z) Contributed

trom Different Nuclides in SOLASE-H Blanket

(a) 2321 (b) 8o
MT ¢ 18 102 452 MT 2 4 101
181 1.675-3 - - 2 2.102-3 -5.694-5 -1.210-6
1102 - 1.205+0 - 4| -5.703-5 1.418-3 -3.478-4
1452 - - 6.855-5 (101 | -1.240~6 =-3.483-4 1.007-3
“sum = 1,207+0, AR/R = 1.098% sum = 3.715-3, AR/R = 0.061% |
(¢) OLi ) 12¢
MT 2 105 MT 2 101
218.119-5 - 211.389-4 -
105 -~ 1.076-2 101 - 6.923-4
sum = 1.084-2, AR/R = 0.104% sum = 8.312-4, AR/R = 0.029%
(e) Pb
MT 2 4 16 17 101
2 18.903-2 - - - -
4 - 3.887+0 1.054+0 5.180-2 -7.847-7
16 - '1.055+0 4,222-1 -8.485-1 -
17 - 5.180-2 -8.485-1 2.655+0 5.895-7
101 - -7.869-~7 - 5.895-7 1.239-2
sum = 7.581+0, AR/R = 2.753%
(f) 3\a (q) L3 (h) Zr
MT 2 4 101 MT 1 L TMT 1
2 6.525-7 - -1.203-3 1 2.870-2 ] 1 1.922-1
¢4 - 2.483-1 - AR/R = 0.169% | | AR/R = 0.438%!
f 101 {-1.318-3 - 2.425-1 * :
tsum = 5,535-1, AR/R = 0Q.744%

Sum over all nuclides

= 9.578+0 AR/R = 3.095%
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Number of
Zone Number Material Code Thickness(cm) Mesh Intervals
1 D 6.3 3
2 A 2.0 1
3 . E 30.0 15
4 A 2.0 1
5 D 25.2 12
® 6 B 8.4 8
e
5
8 7 D 2.1 2
o}
- 8 C+B* 21.8 22
o
o) 9 D 2.1 2
&
10 B 8.4 4
11 A 0.2 1
12 SQURCE
13 A 0.2 1
+
o 14 B 25.0 25
o~
5
; 15 D 40.0 40
~
8 16 E 40.0 20
&
17 D 6.3 4
* 50 v/o material C + 50 v/o material B
Fig. 1 Configuration of a One-dimensional Coupled

Blanket Model for SOLASE-H.



36

(A3) ADHANI NQNLNIN

O o0 o0t +01 201 20t 01 L] 4-01
I

Tt e fterrTrTy

b

I

]
TEEN S S U U I N 1 I S U A |

01

»-01

501

~01

01

»01

IO L~WNIKLIT ~~ KB11038 8S0MI
B118¥ ON1Q33¥0 3718914 -- 3SHOJS3IY
1204 HEIS *LIUNYIE H-38U88

(A3} AD¥3NZ NOWLN3N

01 40F GO L0t 0t 201 03 T +-01
1

LR SR AR L AL DL L DL B G O L 2 T 7

1

B

=01

»-01

01

»01

01

»01

TL0L B-HALHLILIT -- ND11J38 886YD
BILBY ON1033¥8 3718814 - IONDLEIN
I3N4 HSAW4 *LINNYIE H-3BUIB8

‘b4

AQNHHLIT LIND ¥3d
ALIATLISN3B 3AILUTIIM

ABYYHLIT LINA ¥3d
ALIATLISN3S 2ALILUTIY

CA3) ADH3INI NDULINAN

01
»01
»-01
~01
»01
»01

1-01

(0T 401 S0 L0101 01 Ot 1,0t
LA BRLANELINE B At BN S L AL B A A NLANL BN B RLAND INL AL I
B
— a—— a— -
.‘ -
1 | ]
J o=, = i
| ]
J N
WiLl QY3T -~ NOI11338 888Y¥I
01lH¥ ON1033¥48 3118514 ~- 3SNBJS3IYH
q3N4 HS3¥4 * I3XNYI8 H-3I8UIS
(A3) ADNINI NONLNIN
01 01 S01 L0 (01 0% ot 1 )
LS S AL J N A A NN SANE (AN NN BENA B SN NN S S SN SN Gt B Nt S MM R |
_ -
L]
_ID - -
] b
]
n N ]
AN -
| -
1 |
r . = [ — - |
~ [ | _
- - | .
)| 4

» 0t

»01

01

201

-0t

THLOL HNINBHL -- NB1L1335 S88M0
O11YY¥ ON1033¥8 3718814 -- ISNOJISIM
13N4 HB3Y¥S *13NWNUTE H-38U88

ADYUHLIT LIND ¥3d
ALIATLION3S 3AILYUTIY

ADYYHLIT LINN d3d
ALTATLISNIG 3ATLH3M



37

(A3) ADNINI NONANIN

»-01

~01

»01

01 0% Q01  L01 401 0t 01 1 01
L) u v *J— L. 1—11 L d LE v - ¥ ¥ — L L - v v q 1 LJ 1-‘
I
| 4
[
_ -
_ - | ]
I | L i
1 -
L i '— -
WIOL NIOAXS -- NB11238 SepMd
BI16Y¥ ON1OIFNE 3118814 - IVNGJIBIY
T3Nd HB3M4 *13IUNYTE H-3ISUT8S
CA2) ADYINT NBYLN3N

D01 W01 G0 01 G030t 01 1 01

Ty T r YT T T
3
A
-4
~
.
L] -~
" i
— ol
_ ~ ;
[ | B
=

1-07

»-01

»-01

Y

01

»01

1-01

bl WN10E8 -~ NO11J38 888¥)
S1id¥ ONIQ33¥8 3118814 -- 3ISNBJBIU
I3AN4 HSIWA ¢ LINNYNE H-3SYIBS

e e g g

e e g g ——T———

AO¥¥HIIT LINN 43d
ALIATLIBNI® 3AILHTIY

ADYUHLIT LINN ¥3d
ALTATLISN3G 3AILYT

tA3) ADY¥3NI NOULIN3N

(0% 01 401

QO.ﬂ .0.— , .-.O.— Oﬂ a
¥ — v + — T 1 ~ ¥ T d‘ Ly LS d T Al q v LS — T T ~

-1 plOn

~15-01

4,01

~{s-01

ADYEHLIT LIND ¥3d
ALIATLISNIS 3JATLHIIM

«01

2-01

U T S U |

WiOL HNINBOYIZ -~ NB1L1J38 880Y]
PIiHY ONIQ33HE 3118814 —— 3ISNDJEIY
J3N4 HBFYS ¢ 13¥NYIE H-3sHTes

(A3) ADYIN3 NOUIN3IN

01 01 40T L0101 01 Ot 1

LANE A S At SN S R SR SNNi S SN AAS SN REN

n-.~_..«<_<—

©0-01

L]
1
o
-

b
)

Y
[~
-

T

2

ADYBHLIT LIND ¥3d
ALIATLISNGS 3ATLUIIY

01

Lo o Lo L o1 o o b o0y 21y 3}
b
(=]
-

0

L6L 21-NPAMYD -~ NO11J3S S68¥D
Ollu¥ ON103I3INE 311SS1d —- 3ISNDLSIN
T3N3 HS3¥4 ° LINNUIB H-38H710S

o ———— e e e



38

(A3} AOY¥IN3 NOWIN3IN

01 SO01 01 L0101 01 01 T .0
¥

v "bL4

ryvyvrrrrry rrrrrrrrrr T

L

»01

1

p-01

01

S U S S

01

Ll

i

»01

1

i

1

1-01

NB114¥688Y WNIOOB -- ND11338 SSON)
E118Y ON103348 3118514 -- ISNGJE3IY
T34 HBIY4 *LINNYIR H-3eHI0S

(A3} AQ¥3INI NOWLININ

(01 40T 401 L0t L0t 01 01 1 1-01

Ty v Ty rrrrrrr Yyt i et

-

[

0t
—~2-07

~.-01

4,0t

NO1l4¥886H HNINBOWIZ -- HE11J368 8BOND
S11U¥ ONIQ3I3¥S 3118814 -- ICNBJISIY
7304 HB3NA *LINYE H-ISU WS

ADHHHLIT LINQ ¥3d
ALIATLIBN3S 3ATLYTIN

AO¥OHLIT LINN ¥34
ALTATLIGNIY 3JALLHTIY

(A3) AC¥3IHI NONLNIN

OF  G0F 0T L0T 07 01  o0f 1 o1
LANS B N S S BN AN S AN BN UED SRER A S SEND AN G Sumn BN SR SN a0 R ]
= e
; J
1 |
¢ ! h
_ _ r — .._ —{»-0F
1 | i
| | .01
] 4
—
L r j
| _ | 4,01
L U _— 1
l_|J “ _
— _II D L
~,-01
(133447 L3N) UWWHC'N KNI¥EHL —- NE11338 SSOND
£7i4Y ON103ING T11SS1d -- 3IINELETY
1304 HS3WS < LIWNGTE H-35H108
{A3) AD¥3IN3 NO¥LN3N
OF  oDT 401 L0 01 401 o1 1,01
L0 L AL S H A N (R B R N SN SN SN AN AL SN SR SN S Sk Sun An M §
Y
r=- -
A _
r -
! 4 —_— —{»01
| . ]
| J
4_ “ 401
l | :
] - <4501
L -— “ 1
- 4
l_ =~ B\
— -

(133343 103Y10Q) UNWUB*N KNI¥BHL -- HB1l338 S88Y)

O11YY ON1033¥8 I118614 -- 3ISNEJEIN
TI30J H93ANA ¢ L3INNYE H-3SYIes

AD¥UHLIT LINA ¥3d
ALIATLIONIS 3ATLHTIIN

ADNUHLIT LIND ¥3d
ALTATLISNEG IALLHIIY



39

01

o3

TA3) AGNIND NO¥LN3N G -brg TA3) ADHINI NDALNAN
W01 OV GOF 20t o1 0T 0T Q0T LOF 0T 401 ot 1 0t
T

-t
T

=]

-

T rTrT

J
|

Y71 v v rrrrrrrryrrrr it T Ty rrvvy LA |

]
]
n

L

2

1

PR IO Y W 0 |

»-01
3

AD¥UHLIT LINA ¥3d
ALTATLIGN3S 3ATLYI3Y

ahundbeasta fapa aaedetan e boga dteandanad s icay
- . "

01 N

O

o801

HUE-NN MNI¥OHL ~- NKB11J38 S88¥D
QI18Y ONIO3INE 3118814 ~- 3ISHBLBI
N4 HBA4 *LINNUTE H-ISHES

1 (BHJETW R 8-HNTIHLIIT ~- NOL1J3S 8S0¥]
8114y ON10Q33ING 3NI6SI4 ~- ISNEJs3N
T304 HE3WA *LAINYE H-38H788

CA3) AO¥3NI NBNLN3N TA3) ADN3NI NENLNIN
a0 LBl  L0F Ot o1 0T g0 40F L0 01 01 o 1 ,-0t

LA

1
Iy rrr vy rrrrrT T T Tt } LA S B B AN ANRND SN SN N St S A RN A BNNNS SN SN AN SN NN A S S MES S

o
AC¥BHL3T LIND ¥3d
ALIATLIONI® JAILYTIY

»-0t

+-01

»01

»01

-0t

«-01

»0t

o0t

e e ————————— — "

*»01

NB81SS14 NNINOHL -- NB11338 880D NG1id¥888H QH37 -~ NE1i338 568Y¥)
91164 ON1Q3338 3116814 -- ISNGJBIN O1itd ON1Q33d@ 3119S14 -- 3ENG4IBIY
T3N4 HB3U4 *1INNUIE H-3I8Y88 304 HBYA ° LINNYIE H-38H18S

ADNYHLIT LINN ¥3d
ALIATLIBN3S 3ATLHIIY

AO¥MRLIT LINN ¥3d
ALIATLIBNIS 3IALILYTIN



40

{AR) AQ¥3NI NBNLN3IN
07 (UL o017 01 o0t Ll 01

- vt
T
o
-t

LA S A L A L AN A AN S e

J118YTINT OY3T -~ ND1L338 886UD
BI11Y¥ ON1Q33M8 3119814 -- 3IBNGLOIY
304 1 83N *L3IWNYIG H-38Y168

LA3) AO¥3INI NDNLN3N
01 40 40T L0 0T L0 o1 LI
¥

LML LS A e LA A0 URE N SO AN A G B M

IENSTEN]

IR ETRETN S B0 510 1 W A |

i S
|
|
;; :
LI
J_ m
|
3
3
3

Yo
a0-
80"
Lo
90°

&0°
1

3°

NB*N QU3 -- NOI11J38 ESGHD
81144 ONIDIINE I11881d4 -~ 3IINGJSIY
1304 HB3IYS °LINNUIE H-3SHIES

ADYBHLIT LINN Y34
ALTAILISNI® 3AYLYT3M

AO¥HHLIT LINN ¥3d
ALIAILIBHIS 3AL1LUTI3Y

[A3) ADYINI NOULNAN
(0T 40T o0 ,0F 401 01 0ot T 0%

T vy rrrrYYyYr + T T T

| Hy00°
¢ Pl
| 3
{ 30
/
! 3
| -
_ 3
! 3
i 3t
1
N2°N QUT) -- NB1LJ35 SSp¥)d
D1iBY ONIO33¥E 311SS1d -- ISNPLSIN
q3n4 HEIYA * LINNGTB H-3SHT98
1A} ADN3INI NOYLAIN
0T 0T 401  ,0T 01 01 ot 1 1-01
¥ d ) T q T L] — Ll L] — LR T 7 T 4 L) L — T H —‘ T T —
o0t
[ ]
-1 'lbﬁ
401
| b
t " —,-01
| _ 1
Y ! .01
| ! T
“1lr - 4 .
. TQ«

J118H13 OHIT ~- NO11J35 BEGYD
DIiHY ON1033N¥E 3168814 -- IENDJIBIY
13N HeFWd ¢ L3UNUE H-38H7108

ABYYHLIT LINN ¥3d
ALIATLIBN3S JATLVIIN

AD¥HUHLIT LIND ¥3d
ALIATLISNIS 3JAILHTIY



41

(A3) AD¥3NI NRULININ

01 «07 201 03 203 20t 01 1 01

v 1y rJjr vy v T T T
r- - A
|3
b

i
J
J
WA i
- ]
;! -
[ I_ -l
F_ r—=r- p
T = s 4
J118H13 KN1088 -- NB1L1J38 88OYUD
B1ibY ON1033FNA 3118814 -- ISNO43TY
T3N3 HEFUS *13NNUTIE H-38H198
[A3) AQYINI NON1NEN

0T 0T W01 01 401 R0t 01 3 ~0t

4_‘__.—- LEND SRR AL NN L 2N TR AL AN S S SN S AN SN
_ B
— -
! i
/ R
, i
/! i
_ ]
| i
_ p
} i

[ 6Ly

»-07

501

w01

-01

201

01

01

01

+03

1-0%

W ———————

N3N WNINBJ¥1Z -~ NB11333 S8ON)
81164 ON103IINE 3119614 -~ FSHELSIY
I3NJ H9AN4 ¢ L3HNEIE H-3SUeS

i L S —— ot i o—— i ——

(A3} AOCH3IN3 NRYLININ

0t

01

-0t

201

[% )4
e ]

OF 08 G0T L0t 01 01 01 1 )
LOE LRI A A SR AL LA A I AL G AN A A S SN R S
-
» .
101! 1
m
x5 .
g3 ]
o ﬁ
.I” ¢ “1
Mo ) -
o 4 j
a< 4 -
-2 _ -
- _Il - e 2
L -
i ! 3
1 1 4
J118Y713 KOINGOWIZ —- ND1133S 880%)
OIiUY¥ ONIO33¥G F1198Id -- ISNS4SIY
q3n4 HSIu4 * LIUNUE H-38Y70S
(A] AONINI NONWLNIN
07 207 o0T L0107 01  ©F 1 1-01
4‘\11] — T T - T ¥ ~ T _-1 -—- T « T ,—w— T T —u
| 3
5 ! E
h-) 3
mE k
unm | 3
£x [ E
~3 1
o= ! | 3
x -
EP 4 3
F 3o 3
(5P I |
<9 m
—~< _ | E
3
f ol 3
1 3
3
J1L8YTIINT HNIUDHL -- NPIL3IS ~BPYD

01l6d ON10G33¥8 3118814 -- 3ISNBJBIY
1304 HS3YS * L3UNYTE H-3I8HIBS

ADN¥YHLIT LINN ¥3d
ALTATLIBNIS 3ATLYIIY

ADNHKLIT LINN ¥3d
ALTATLIGNIS JALILH 13¥



42

CAF) AQNINI DULNIN

101 03 01 L0V 401 L1 O 1 4-01
TIpg ryyryry T T T T 3
| .
| 03
_ .-
| 3,
J m?o_
.—_ it ]
|
M
|
| 01
J
! 3
m.u

N2°N HNINGML -~ NBI1338 SS0Y)
£116Y ON1Q334E 3115514 -- ISNBJSIY
3N HIIYI “LINNYIE H-ISURS

CA3) AO¥3INI NoWLNaN

DT o7 0T L01 G0F L0 o 1 1-01
1

ML I L DL A LA LA B B A LA} T 1 1.
- -
_ -~ o-01
— — -
x. .01
L i
Y 4
Ion 1o
L _—— — y
_ [ ! 1 .
J | .
-
J148Y173 HNINGHL -- NOILJ38 880NI

11BN ON1G3IINE 3118814 -- ISNGJISIN
13N4 HB3¥4 ‘13NNYIE H-384I188

L et et 7 ot

o)}
[=2]

o—

L,

(A3) AO¥3N3 NOYLN3N

J14SHI3 L~HNIHLIT -~ NBILIIS SBBAD
9IlH¥ ON103ING 3118814 -- IENBISIN
13N4 HSAYS * LINNUE H-3SHT8S

B ——

103 20t 07 »03 201 +01 o ] y-0% ot
T T T T T T T T T T T T T T T T -
-
—l -
= [ T
-0 e
m
ucm | ...
5 L
~“o
~ m -4
m w Pﬁ L “ »01
=2
z= I L
i -t
= ! - _ 1e-00
! L ]
— _ -13-01
J14SHT3 NIOAXD -~ NB11335 SBe¥)
Plidy ON1033%48 3718S14 -- ISNB4S3Y
73N HS3¥4 *L3UNYTIE H-3ISHIBS
(A3) AD¥3INI NONLININ
O o013 %0t 201 Pl 201 o3 1 4-01
T T T T T T T 1101
- TQ«
“ E
ol .
23 ~»-01
=" E
Zm ]
o —9-01
-2 4
n= .
=5 g -0t
3o .
< —_—
w - L d
P o
- | L ~1»-0%
_ . ]
L 411 llt.a.—
1-01

AD¥HHLIT LINN ¥3d
ALTATLIGONI®R 3ALLUTY

AD¥UHLIT LINM ¥3d
ALIAYLISH38 3ATLYIIY



43

[A3) AOY3NT NONLIN3IN 6 ‘bL4

0t 101 o01 #01 201 20t ()} 1 »-01
LN (N AR AN N SRR INN RN SNAE S SR SEED Auih IND AEME b S Sk SEN SN MENN S Sun Sma ﬂl.lOu
h o
l'lou .ﬂu
4 P
v
- : mmﬂ
LY,ON Hm._,
— -4 —A‘.m
! p—4 4 s
I | deor B2
=
- - 1 2
— r— _ _ -
] - -_— ~{-01
- Lo :
(133443 L3N) TWI8L B-KBNIHLIT -- NO11338 $E0¥2
BILBN ONIGIINE WNILINL ~- ISNDJSIY
T3Nd H83IWJ *LIUNHTIE H-3SHIOS
(A3} AGUINI NO¥LN3N
O 40T 0T 0T 07 08 O3 L SR}
rYy rrrryr yrrrrrrr T T T TS
\ "’
My )
. -
| N 3 Mﬁmm
Iy W.- mm
5 3e-01 2.,
33 -0
| ot
A Y =5
_ 5=
| = >0l %5
1 _ -3 =
-~ — _ - .
- '
— L — 4 1-01

(133443 LOIQ) WIBL 9-KNIMLIY --

N811J38 88040
B811HY ON1GI3NE NNILINL -- ISNRJSIY
T304 HB3N4 *L3INNUIE H-38H708

. RSN

(AZ) ADY3N3 NDMLININ

07 0T 408 JOU 401 01 Ot 1 01
<ﬁ-<—q.—-_—-u—.._<._-~<.41
- .II_ l.uOﬁ
] g
~p 08
-
l.lQ«
-
¢ —~»-01
_ -4
_ 101
I
1
iDL QY3I) -~ NB1LJ3S SB6Y¥I
B1idY ON103I34Q WNILI¥L -- ISNOLBIY
304 HE3X4 ¢ 13INNYNG H~3SHTIBS
(A3) ADY3NI NBNLNIN
D01 0T S0 L0101 R0t ot 3 1-01
4«41..1-_4_—41_-—<q~.<—<<470«
l'lQ.n
170«
_ ~
_ﬂ_ ~e01
¢ ] ‘
L 5.0t
_ — ]
} 1
03

THLBL HWNIYBHL ~- NO1LIIS 888N
BILYY ON1033¥8 KN1i1¥Ll -- 3ISNOJIBIN
13N4 HB3Y4 * LIWNENE H-38HIeS

ADWUHLIAT LINR W34
ALTATLIGN3S 3AILHIY

AQ¥YHLIT LINN ¥3d
ALIATLISN3S ALY

|



44

(A2) ACUINI NO¥LNAN
01 07 01 +01 03 0t 01 L w01
LA JLJ0NN0 A0 N AN S AN SN SN (N SUND ANN SN SN SN SN SN SN S Aumt S HuR SES Sus B |
.
161 HNINBONIZ -- NO11D38 €80YJ
S11HN ONIQA3NG WNIL1ML -~ ISNDLBIU
T8N HB3NJ °LINNETA H-3S5HI08
CA3) ADN3NI NOULININ
O o0 401 401 07 400 01 1 408
LA I AL LA A St S N SN A A GUR NN NN (NN SN SN SN SNN BEN SNR SERS

01

»-01

Taasbanas s Lsaalaenatonass Ligsaliatadonaes logas

+07

THLOL 2T-NPENYD -- NO11338 660D
S11YN ON1033NG HNILINL -~ 3BNDJBIY
T3NS HBAN4 ° LINNYIR H-38U708

*bL4

ADYUML3IT LINQ ¥34
ALIATLISNIS 3AILYTIIY

AO¥GHLIT LIND W34
ALTATLIONIS IAILYIIM

(A3) AONINI NOWLNIN

0t W0t 01 +01 «01 »01 ot i 07
SL200 SLARNR S I BUun B St SUNE SN GA S Mt NN SEun S SN EENS A [ s S G Aen S ¢
4
r — ~— =101
I
-
_ 401
I _.l - 4
I _ .
| - _| o0t
r -
o -
] 501
[ -
h e
-15-01
(103443 13N} TW1el L-KNIHLTIT -- NEILJ38 S60YD
LIlHY ONIC33NQ NN1L1NL ~- 3IBNDLB3Y
3Nd HB3Y¥J ° L13UNUTE H-38H1PS
(A3} ACN3N3 NRY¥LN3N
134 03 207 +01 907 #01 [} 1 101
T7Vr _1 v T rryr rrry Ty T '|ON
J
I
-1r01
! i
_ 1
r —g01
— -4
! 4
_\ <0t
!
J —y0%

(133443 L03¥14) Wi8l L-KNIHL1TY --
DILUY ONIO33M8 KN1L1NL -- 3IINDJBAN
3N4 HBIWA *L3UNYTE H-38H7I8S

s o ——————— |

ND11238 £S04d

ADYHHLIT LINAN ¥4
ALTAILIBNIG 3AYILUTIY

ADYHHLIT LINN ¥3d
ALIAILIGNIS JATLUTIY



45

CA3]) AONIN3 NSUIN3N

08 0T 0T MO D1 L0 01 T 0t
v q L) L 4 — L2 ¥ _ k] 1 q L v ,— L ¥ — T Ll - L 1 o ﬂ L g T d\

NG1.440SEH WNI0BS -- NB11J38 §88YI

OI1bY ONIQ3ITUE UNILINL -- ISNBLSIN

13N4 HBF¥4 * LIUNUTE H-38678S
(A3) AC¥3NI NONLN3IN

O 01 0T 0T 401 01 o1 1 ,-0%
L - L ¥ — L Ll — L T ‘ v v N\ v Li — L3 L - 13 L4 M ¥ T —

-0t

01

»01

501

»01

1l .mrn_ (A3) AC¥3N3 NBYLNIN B
: (OF 0T 40T L0 0T 0% 0% 1 101
LA BN SN A N SN SNS S SEEE S SND HNND SNN Shn SRES AN SEN SN Ain SN SNEE SN Sub AEND
»-0% a
a .
i i
01 =% A
5 _ :
w01 -2 — J ]
4@ [ -
x — 4
UIL
. hond 4
20t S5 =
- .
4
-0t B
THLRL NIOAXD -~ NBI133S EBOND
BIivy ONIO33NE WNILIML -~ 3BNOLS3IN
A3N4 HB3IN4 * LIUNUTE H-3ISUIBS
(A3) ADMINI NSULIN3IN
0T g0T Q0T L0 01 L0101 ot 1 1-01
-' 1 — L L A— L § ‘ Ll T ,— T T — T L] — v ¥ q Ll T — T L ,—
-2 — _ -
~c1 @ | i
. =25 I
uu — -4
[ MM - 7
~ -
P | g 4
=% P
it ] xX
“ol.
o —
. 23 4
P
- -y
»01
- A
M

Al b diat ot o tiga bua b o tacsa Juana ot o i

NOILldUPS8Y WNINGJVIZ -~ NBI1LD3I8 §8HUI
81164 ON1GI38 MN1LINL ~- 3IBNDYSIN
134 HBAU4 * LAUNYE H-38Y10S

i Ca—— S———— S — — i ——— R R o S—

01

»-01

»01

-0t

»D1

w01

isl NN10B8 ~- NB11I38 BEBYD
B1LHY ONIQ3INE WNILINL -- 3IBNO4S3IN
T3N4 HB3IYS “ L3UNUTE H-38YTE8

ADNHHLIT LINN ¥3d
ALTATLIBNIB 3ATLUTI3Y

AQNBHL3T LINN ¥3d
ALTATILISNIS 3AILlW3¥



46

(A2) ACU3INI NOU¥AN3IN

21 bty

.01 201 901 01 «01 201 o1 3 +01
T r Ty r T T T T T T T, 01
-4
y E)
: e
{ 53
I.vloﬂ ““
4 mx
I+
3~
-1o-01 wm
I’Ou
A
YMHUO'N KN1¥GHL -~ NR11J36 S8Q¥)
S114Y ONIQING WNILINL -- 3ISNBIB3IY
3N W8S “13UNUTE H-3ISHLOS
(Ad) ADGNANZ NGULININ
101 o0t o017 »01 01 e 01 ] »-01
Al d 1 T -J—x- T — L] Al — 1 L] — A T ﬂ R T d T 7 — ¥ L -nm-.
q_ 3,01
E E)
3. m
- 1" 85
Lo b -
W_ b ] 1 Am!ba nu“
- m
|y . mZz
'3 -4
P Wnu
| 3 =2
| I =25
3 -
i 0!
) Eld
3
NOISSId WNTAGHL -- HB1L038 S8MIND

S11YY¥ ON1033NE WRILINL -- ISNDJBIY
134 HEANS “13WNYTE H-38Y108

e o s o | T

(A3]} ACMINI NOMIN3N

OF 0T 40T 40T 01 01 0% 1 -0
LENS [N BN BED SR SN B0 S SN AN A S A0 N ANNE Su BNN NN BEN SND SN SN SN ANND M o
~s-0t
-4
1 4
d l_.la.w
y -
.._ ~n01
- d 4
! _
— —s-0%
, _— ]
L _ ]
_ ] — 1301
Ly [ -
(133443 13N) 1*N 8-HNIHLIT -~ NB11J38 SROYD
P11H8 ONIQINA HNILINL -- 3SNDJIBIY
I3N4 HBIYHd * LIUNYE H-TFeHgs
(A3} AONINT NSNININ
(0T 901 G0T L0101 01 Ot 1 -0
LA S0 ENS S SR SRS Suir S NRS SN NN SuE SNN BNL SUNN SN Rub SIS S0 ANEN Shie S At ans &= bd 4
. *
| 1 01
(. s
1 1 ‘8
h 3s-01
_ ¥
1 ‘"
| 508
I T 3
1 —_— -
e ! .
- L - ! 03

i et .

(133443 1034107 1°N B-RNIHLIIT ~-
811HY ON103348 WN1LIYL -- 3BNBJSIY
315 HE3Y¥J ° LIUNYNG H~-38Y 0S8

NG14J36 S68¥)

ADYUHL3T LINN ¥3d
ALTALLISNIS 3ATLHIIY

AQNHHLIT LINN N3d
ALIATILISHIB 3AILHTIY



47

CAR) AOWENZ NGULNIN €1 *bL4

(A2) AON3IN3 NOWLIN3N

01 501 401 401 401 08 ot 1 101 01 401 0T 0T 01 L01 Ot 1 1-01
-4-<d-<-<--<---<4-~q-ln 4—<<--—-—.-—..—4-—«-—<-m
.u“To« _ .m..-
33 ® f .ma.g
h © ER
i 8= : E
......- = 4 3
3 == 3
3201 =, | 3,0
3 -0 ] .m.u
EAl I h
3 =5 3
-t HII .
3» 22 || i
3 " ! Ela
J..Tow _ 3
Fea 1
J118YIANT QU31 -- NB11J38 888Y) N2*N OH37 -- NB11J35 808Y)
©11HY ONIQII¥E NNILINL -- 3SHOLBY BILBY DNI033¥E WNILINL -- ISNGJSIN
1304 HB3Y4 ° L3NNYIE H-38H08 1304 HBIMS *L3NNUIE H-38H 89
(A3) AQNINT NBYLNIN (A3} AON3INI NBYLNAN
01 40T 01 L0101 01 0t 1 101 L0V o1 40T L0 01 0% 01 1 1-01
4—--«<--—-.-.-..—1.--_“ 4_.__<<—-<—-.-<—.-ﬂ._—<.~1-
] 4501
I
_ .3
_ ac* Hm - — M
S< I _ Elaald
i Zm — 4
~“» 3
I s0* mm _\ FIC
J 3 E
¥0° MH A3
Lad -
o
40
80° A-s
Lo 3.
.So -
N8N QY31 -- NBS1133% 888Y) JIL5H73 QY3 -~ NE11J035 888¥)
811U¥ ONIGI3NE MAILINL -- ISNOLSI B1ltM ONIJ3I3NE WNILI¥L -- 3BNQ483Y
TN HBANS * LINNYE H-3ISU WS 13N HSYA ¢ L3IUNYIE H-38HBS

ADYUHLIT LINN ¥3d
ALTATILIBNIS 3ATLYIIM

ADN¥HHLIT LINR 434
ALIATLIONIS 3AILPI3N



48

A2) AGYINZ NGULNIN 1
10 o0t #0% +»01 20! 301 01 1 (W4
1r—rT --<1-J-.-<-<-|4-,1O«
ht J
]
07
3
hd J
3501
T
M
10t
ht ]
b |
J11i8YIINL WN10H8 -~ NE1LJ38 SE6N)
S11UY¥ ONIQAFS KNILINL -- IBNRBIY
T304 WSS ° LINNYE H-IBYWE
CA3) AGN3INI NBYININ
O o0 401 401 401 40t Ot 1 .00
LZNE [0 SN SN SN SRa SRN SND SEME BNS G AN SN M SO SN S SN S AN SNNR SN NN BEN N A=
l'lﬂn
o
J‘Dﬂ
! ot
- — .
— -
- ~e-01
r 4
~19-08

J1486713 WNIOAS ~- NO1.1D38 866MD
O1i6Y ONIQ3NG HNILINL - 3ENO4SIY
13014 KBFNA ° LINNETR H-3IBU WS

R ntet L g e st L

C e g e e ———

*BL4 TAZ) ACYINI NONININ
08 0T 01 L0101 01 Ot 1 1-01
AJRLELANELEE | S S RRLEN RELANARE S LA SLANL AN RN ML B
EL

u Joor
-0 3
i 3
e 3
=M kY
= 3
e 301
o 3
E P Js
b oo 4
Bh 3
<7 3

- .m s

3,01
33
J1iSUTIIN1 HNINSONIZ — HNB11338 85DYD
S11YY ON1033¥8 NNILINL ~- 3BNBJE3Y
304 HB3Y4 *L3INNUTE H-38U188
(A3) ACHIMN3 NDNIN3N

01 901 01  LO1  ,07  O% ot T 0
BE A —d L — LS LN B L] — LA — L) T d T Al d T LI | v 7 .l°d

_ o]

-] 901
=0 _ 1"
g
vﬂl. — i
c<
m m h - 7Qu
1“ -
mE I .
Z5 ! it
72 p
25 I 4

—f

- r —.01

! -
! ;.01

NZ2°N HNINBI¥IZ -~ N@ILI3S 8S8YD
GI1bY ONIQ3A HNILI¥L -- IBNEJBIY
T304 HEJIS * LINNYTE H-IS5U8S

ADUYHLIT LINN ¥3d
ALIATAIZNIG JAILUTIIY

ADWUHLIT LINN ¥3d
ALTATLIBNIS IATLYTIIM



49

TA2) AON3ND NSININ Gl
100 408 G0T 401 L0t L0101 SR P
rtyrryrrryerrrrerr— vt 1 rrr v r 13 01

vaedita s daneny oo i baag g faaagl

01
-3
[ ]
»01
-
JLISHIINT NHNT¥BHL ~-- NS11338 S99
D11U¥ ONIG33¥O HNILI¥L -- 38NBIS3IY
Jand HB3INJ * LIUNYIB H-38Y70S
(A3) AGNINI NOMLNIN
08 0T 401,81 401 01 Ot 1 ,m
AN LD A AL AN S SR A SN SRR S N SR B Ien Su At SN SN M S A Au gus
3o
[ Muﬂlﬂ.«
_u _F 3
_q_ —r ]
LI I 3
by 3
| _ ! 3
| r Jo-01
1 ! i,
[ I ]
T £
- .
3
F»-01

J118H13 31~-NO8NH) -~ NBILJ3B BBOND
O11UN ONI0A3¥E WNILINL — 38NOJBIN
3N HBAMA * LINNBIE H-38Y08

e T A A e, =, s e = S————

"bLy

AQHHHLIT LINN ¥3d
ALTATLIGN3Y 2AT1HY

ADHUHLIT LIND ¥3d
ALIATLIONIS 3ALLEIY

(A3) ADY3N3 NOULN3N

07

»-01

»-01

»01

01

»01

01

»-01

01

»-01

+01

)

(08 W8T L0 01 01 01 01 1 201

rry oy T T T Tt T
| ]

—_— e
l— -
)
J118HT3 NIOAX® -- NBILI3F $S0¥D
11Uy ONIO3I3¥8 KRNILINL ~- 3ISNEGLBIN
T3N4 HS3¥4 *13WNHIB H-38HIBS
(A3) AD¥3INI NOQUIN3IN
01§01 01 0T 0F 401 ot 1 1-01
LJR [ SURNE S AN SAn SN SR SNNED SRS A BENNL St R NN SMD SR SIS AN S NS I BEN Sutnh 8
A
| -
— -y
— — — 7]
| 4
—_J T
L q ]
—d -4
rL — 1 J
P
J118d13 L-HNIHLIT -~ NB1LJ35 SBBYND

S11HY ON1Q33¥8 WNILINL -- 3ISNEJE3IY
13n4 HE3W4 *L3INNYTE H-3ISYIBS

AQYHHLIT LINN ¥3d
ALTATLIBNIS 3ATLHTIN

ADUYHLIT LIND ¥3d
ALIATLISNIS 3IALLYIIY



50

tA3) AGN3N3 NBULININ

9L *bi4

(08 01 401 L0140t 01 of T .01
LD SR AL AN SNLANNE R L NN A SN SINELENS SNLERSE SN NNL SN SRS SENR Ny SN —.lOd
—¢-01
4,01
r -
\
—19.0?
& e
I 1
| rr —_——— _ 1.-.2
_ b _
1 _.,.I._ ~ 07
J118H73 €63-HNINBEN -- NRILIIB 880D
81.H¥ ONIQ3INE 3718814 -- IBNDJSIY
2N4 663-N X¥ *L3UNHIE H-3SU NS
(A3) ADN3HI NQULNIN
101 203 207 »01 |01 201 o1 1 01
LARE NN SURAL BN NN SNAN A0 SN BN RN Nt S S S0 B AN ML NS SN SN S s 7
IUIQ«
E
I.-lau
~1»-0%
—¢-03
FUNL4Y) BE3-HNINYMN -~ NOILI3IB 986D

B11UN ON1033d@ A116814 -- 3SNaJBIU
TaNd §E3-N X¥ ‘13NNYIG H~3I8H106

24 T LEERH T g a3 . o A G ST, L e T

ADUHHLIT LIHN ¥3d
ALIATLIBHIR 3AZLHTIN

ADNINLIT LINN ¥3d
ALIATLIONGS 3ATLHIY

(A3) ADNINI NB¥LNIN

0% R0 401 L0101 L0t ot 3 101
LANE S f St A RR S AN S AN ANS SN SNNN SN ML NNE Suh NS REND SN SRR SEES San 4
_|l -1 .01
!
-t
I e
_ -
-v& —.I - -
(S , 01
I = :
| _J —_— r — J b
I : | I —1»-01
T ]
YHE-NN EEZ~LNIHHEN -- NEIL33IC S8ONI
Q11YE ©6M1Q3388 3718814 -- 3ISNOJIS3IN
T30 BEZ-N ¥ " LIUNYIE H-38MWIBT
{A3) AGHIN2 NEEININ
01 g01  R01 01 408 R0t ot 1 -0t
LA G | v d L 4 L d v v rr L B4 R 3 | B 1} ~ 1 4 L | S -I“w
01
—ll -
| B
| —o-01
] J
I e
e .
( 1 — I .01
4 | I — 4 4
I . ]
J L= — 4 <301

NB18814 BE3-HNINYMN —-

B11UN ON1033¥8 3118814 -~ 3SNBISIN
T3NS 863-N Xy *LINNBIE H-3I9WDS

NO11338 880%J

ADYHHLIY LINN ¥34
ALTATLISNIS 3AILUI3YM

AG¥YKLIT LINN ¥3d
ALTATLIBN3S 3IAILHIIY



31

(A3} ACM3NI NQUININ

W0 01 W0V LO01 SO0t o 3
T

T e YTy 1T

J118Y1a GBI-RNINUYA -- NOILIAS GSBYHD

8114 ONIO33¥A HNILIYL -- FBNBJE3N
N 682-N ¥ *L3UNYTE H-38HW0S

CA3) ADNZNI NOULNAN

10t o0 o0t ol 201 0! 01 1
T

i rrerrrryrorr ot

+01
™Y
~on--01
4
-1 Tb—.cn
- 3“
4 =
[ =4
- »-01 mu
4 S
- \'3
- -0} Bm
- WL
8"
1 o1 25
1=z
B
- 201
w01
1
0t
2 ]
- -
01 25
. o
LA
uk
-8 ‘3
-
'Q«“M"
.y Mx
-
81
Y wu
-
) S
4
]
03

FWNLAY) BB-KNINGAN -~ NB1LI38 8BBND

21154 ONIOIINE KN1L1NL -- 3IBNE4BRI
TANd 882N X¥ * LIWNYI\ H-38YI6B

(A3) ACHN3NI NOWLNIN

07§01 S0 L0 0T 0T ot X -0t
I

4—1 -—1 d-l 1-4 -—- <~< -ddd -1#
I deo
— -
_ -4
01
— -
ta r—4
__J lh —e-01
[ 1 r 4
i _d - - - .
} - | ] | —1»-01
- = - - -
HUB-NN EE2-WNINYEN ~- NOILIIS €504I
BILYY ON1033dO HNILIHL -~ IARNDJISIY
TJ3N4 EE2-N X¥ ‘L3NNYTIE H-38HIBS
(A3} AQHINI NBALNIAN
(07 g01 401 L0 01 01 Ot Tt .01
LI AN S S AN REMSR At ohnt S A S B A SNL MU B SIS SNNS S SN NS SN S RN BN
lllo,«
——— -
l 4
_ I_')Oﬁ
— -
.=l Ao
* _
¢ P -1 Joor
Y 9
b— - _
- .
b Lo ] |
- - N —1»-01

NOISS14 BEZ-HNINUMN ~~ KR1LISB S8RND
BliU¥ BN1033¥9 RNL1LINL -- 2BNRJSIY
Tand 683~ X¥ °L3NNUTE H-3BHTSS

0 e o

AOYUHLIT LINA ¥3d
ALTATLISN3G 3AL1LHTIM

ADMHHLIT LINN ¥3d
ALIATLIBNIS IATLHISH

L ey ————

iR, e e



CRDSS SECTION (BARNS)

CBRRELATIBN MRTRIX
MAT1=1380 . HTi= Y
MAT2=1380 . MT2= 462/

pie)
E)

10.

-1

.01

52

-y
By e Wy,
AL~
_/v..

Th (n,gamma)

GRBUP CR®SS SECTIBNS AND REL.STD.DEY.
S8L10--CROSS SECT18NS, DASHED--REL.STO.DEY.

|
|
- ]
!
|
!

= |

20.
i8.
18.
14.
12.
10.
8.

8.

"'J—l-a-'xlx TS W T O T N TN O 5 A T O A
1 102 10* 108
NEUTRON ENEROY (E¥]
Fig. 18

(%) *A30 Q18 * 1



CRBSS BECTIBN (BRARNS)

53

CORRELATIBN MRTRIX
MAT1=1380 ., MTi= 18
MAT2=1380 , NT2= 18

232Th fission

GRBUP CRESS SECTISNS AND REL.STD.CEVY.
S8L10--CRE3S ‘SECTIENS,. DASHED--REL.STD.OEV.

.5: —
3 10.
.2':- :.:
.1% i éa.
0% (3
E i 8-
.02? : f
Ol ’ J4.
.005E : 3
3 | J2.
.Oal:lllllL!Llllllll!!!illLLEllll-:.
1 102 104 10%

NEUTRON ENERGY (EV])
Fig. 19

(%) *A30 *0L8 1Y



CRO88 BECTIBN (BARNS)

54

CBRRELATION HATRIX 7
MAT1=1382 , HTi= 16 A
MRT2=1382 ., NT2= 16

Pb (n,2n)

GRBUP CROSS SECTIBNS AND REL..STD.DEY.
8$8L10—CROSS SECTIBNS, DASMED-~REL.STO.OEY.

2.F aZOG.
: -,"_180~
1. d1s0.
E <140+
iy -5120.3
- J100.°
po ‘: | =]
-2:- ";80~r<"
= —140.
.05F . 320-
ll!lli}_iLl[l[]llllllll'llll"c.

1 10° 10+ 138
NEUTRBN ENERS3Y (EV)
Fig. 20



CRBSS SECTIGN (BARNS)

55

CEBRRELATIBN HATRIX
MAT1=1382 , HTi= 4
MAT2=1382 ., MT2= 4

Pb inelastic

GRBUP CRGSS SECTI3NS AND REL.STD.DEV.
S8LIB-—-CRASS SECTIBNS. DRASHED--REL.STO.DEY.

370.

2.k :

1B ! Feo.

5 50.
2 !

.2._ ‘ 40.
3 i

.1:-_— t 30-

.05 i f Fag.
2 i {
C J.. ¢

'02':. l y 2 10.
- .

.01|L1111lLLxLL'LnxllLilrlxalL o.

1 102 104 108

NEUTRBN ENERGY (EY)
Fig. 2}

(X1 "A30 "4ig *13y



CRB8S SECTIBN (BARNS)

56

CGRRELATIBN MATRIX
MAT1=1382 , MTi= 3
HAT2=1382 ., MT2= 3

Pb non-elastic

GRBUP CR2SS SECTIBNS AND REL.STO.DEV.
$8L10--CRBSS SECTIBNS. DASHED-—REL.STO.DEV.

- 324,
1.'—' _E

3 420.

.1_ "EIS.

! F1z.
.0l -:':

-i8.

Tr—lTi—-l—:{—L.lll ] 1 1y e 1 x!n'ﬂ-n-ht.

1 102 104 108
NEUTRSBN ENERGY (EV)
Fig. 22

(%) *A30 °*0ls *1Y



57

CORRELATIGN MATRIX
MAT1=1382 ., HTi=
MAT2=1382 . HT2= 3

Pb inelastic vs. non-elastic

CORRELATION MATRIX
HAT1=1382 , MTi= 4
MAT2=1382 , MT2= 18

Pb inelastic vs. (n,2n)




CRBSE SECTIBN (BRARNS)

28

COBRRELATIGN MARTRIX
MAT1=1308 ., HT1= 10§
HAT2=1303 . MT2= 10S

GROUP CR2S3 SECTIBNS AND REL.STD.DEV.
S8L10-—~CRESS SECTIONS. DASHED--REL.STD.DEV.

4
10 [~ r[
L 1
10% - IL!
i b
102 - '
N p !
- | |
10 :' 3 l
i
i |
|
-l_-——--——-u—-—-———]
10 N I
SN NI TR NI U0 A NN T BN AU T O SR O A6 WA UE SN SN I { ST ¢
1 10% 104 108

NEUTRSN ENEROY (EV)
Fig. 24

3.50

3.00



59

APPENDIX
A Modified Sensitivity Code: SWANLAKE-UW

The sensitivity code, SWANLAKE(l), has been used extensively
for calculating the sensitivity coefficients of the responses
with respect to the microscopic cross section data in the field
of the fusion reactor blanket and shield design. There are,
however, some notable limitations which restrict the applicability
of this code. For example: (1) It cannot evaluate the sensi-
tivity of the response to the response function - the direct effect
term. Therefore, one has to compute the indirect effect via
SWANLAKE and the direct effect through other numerical programs
in order to obtain the total sensitivity which is the quantity
used in data uncertainty analysis. (2) It does not include the
effect of the fission cross sections. Thus, this code is not
applicable to the fusion-fission hybrid system where the effects
of the fission cross sections may not be negligible. For the
Purpose of investigating the sensitivity of the responses to the
basic nuclear data in a hybrid system, we have successfully
modified the SWANLAKE code such that the afore-mentioned deficiencies

can be remedied in addition to some other minor changes.

The relative sensitivity function, S(r,E), of a response R

with respect to a cross section z(r,E) at energy E and position r,
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can be derived from the basic definition S = (5/R) (3R/3z) and the

result from the first-order perturbation theory, i.e.,

* + *
SR = <¢ 82> = < ¢ Lo >,

where
¢,¢* = forward and adjoint anuglar fluxes,
LY = adjoint transport operator,
L, = response function which is also the adjoint
source for the adjoint equation,
and < , > represents the integration over the phase space.

Therefore, S(r,E) can be expressed as the sum of four temrms.

That is,
S(roE) = Sgg(raE) + SeolrsE) + S (r,E) + 5S¢ (riE),
where
Sde(r,E) = detector term (direct effect)
azr(r,E)
ol I(r,E) [ das(r.EQ)/R ,
(r,E)

ng(r,E) = fission gain term

v(E)Zf(r,E){fdm(r,E,n)}f[ dE do'x(E')o"

(Y‘,E' ’QI)/R s
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Ssg(r,E) = scattering gain term
- 22+1 ' S '
= Z S| de {[fdQP2(9)¢(r,E,n)] Z:z (E+E )
)
1 1 * I 1
[fdﬂ P, (2 )¢ (r,E ,0 )] }/R,
Scl(r,E) = collision loss tem

-Z(Y‘,E) -[‘de)*(_Y',E,Q) ¢(Y‘,E,Q)/R

Note that the direct effect term exists only if (1) £ is the
response function itself or, (2) any change in £ will affect the
response function (for instance, if 6Li(n,t) is the cross section
of interest while the response is total tritium production). It
is the fission gain term that accounts for the effect of fission

cross sections of the fissionable nuclides in a hybrid system.

In this modified sensitivity code we have chosen to use an
output Togical unit to store the relevant data generated by the
code in a fashion that it would be easier to extract the infor-
mation needed for further uncertainty analysis or for plotting

the sensitivity profiles. The input instruction and output

description will be discussed as follows.
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Input InstrUCtﬁon

Either conventional FIDO ($ or *) or free-form ($$ or **)

format may be used for input data in the order listed. The

bracketed numbers refer to the number of entries required for

each unit.
input 1item.
1$ [16]
(1) 1M
(2) ITL
(3) INT
(4) ISN
(5) 1ISCT
(6) NZONE
(7) NE
(8) ITAPE
(9) 1S1G
(10) 1GOM
(11) IPRNT
(12) IPLZN
(13) IARNG
(14) 1IPLOT
(15) 1IPLTZ
(16) ILNG

Also a brief explanation will be included with each

number of energy groups °
cross section table length (IGM+3 or larger)
number of spatial intervals

order of SN

order of cross section expansion

number of spatial zones

number of cross section sets

1/2 - ¢*$matrix to be calculated/read from unit 7
1/2 - cross sections from cards/tape

1/2/3 - plane/cylinder/sphere geometry

0/1 - do not/print cross sections

(not used)

(not used)

(not used)

(not used)

last neutron group
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2* [1]

RTOTAL  integrated response, R, for the problem investigated
T

The following data (4*,5*%,6* and 7$) are required only if
ITAPE=1

4*[NOA 5, weights
5% [NOA] Sn cosines
6*[INT+1] 1nterva] boundaries (cm)

7$ INZONE+1) numbers of interval boundaries corresponding
to zone boundaries

T
8* [ILNG] neutron energy group boundaries in MeV, high to
Tow

9*[IGM-ILNG+1] gamma energy group boundaries in MeV, high to

Tow

The following data (title card, 10%, 11* or 11$, 12*, and 13*
or 13$) must be repeated for each cross section set to be

analyzed (INE=1 to NE)

Title card (20A4) for cross section set INE

10 $§ [2] LISN,IDRT

f NOA = ISN+1 for plane or sphere
NOA=(ISN(ISN+4))/4 for cylinder
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LISN > 0 order of PL for cross section set INE
LISN < 0 cross section set INE is a non-scattering
process:

-5 to be read from cards (11%*)

-8 to be read from tape (11%)

-18 to be read from tape (11$) and sensitivity includes

fission gain.

IDRT = 0 no direct effect
= 5/8 response function to be read from cards (13*)/tape
(139)
T

11* [IGM*ITL*(LISN+1)]
" cross section set INE input on cards (ISIG=1 and
LISN > 0)
or
11$ [LISN+1] library ID numbers for cross section
set INE to be inputed from unit 8 (ISIG=2 and
LISN = Q)
or
11$ [21 1ID,IPOS
Tibrary ID number (IID) and position (IPOS) for
cross section set INE to be input from unit 8

(LISN=-8 or -18)
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12*[NZONE] nuclide density by zone for cross section set
INE

T

13*[IGM] response function (IDRT=5)

or

13512] IDD, IPOSD

Tibrary ID number (IDD) and position (IPOSD) for

detector response function (IDRT=8)

Output Description

Logical unit 11 is assigned to store the sensitivities generated
by this code for further sensitivity and uncertainty analysis. The
structure of unit 11 is as follows:

Record 1 (415) IGM, IGMM, NZONE, NE '

IcM = total number of energy groups

IGMM

IGM+1 (neutron only) or IGM+2

NZONE number of spatial zones

NE = number of cross section sets.
Record 2 to 6 will be repeated for each cross section set

(INE=1 to NE).

Record 2 (A3,I3) DUM,INE  (DUM=3HSET)

Record 3 (20A4) Title card for cross section set INE
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Record 4 (I2,A1) INE,AA  (AA=1H*)
Record 5 (FIDO format)
Relative sensitivity matrix
SEN(I,J,K),I=1 to IGMM, J=1 to NZ1, K=1 to 6,
where
I=1 to IGM: sensitivity coefficient for group I
=IGM+1 : sum over all neutron groups
=IGM+2 : sum over all photon groups (if exists)
J=1 to NZONE : sensitivity for spatial zone J
=NZ1 (NZONE+1) : sum over all spatial zones
K=1 direct effect
=2 fission gain
=3  collision loss
=4  scattering loss
=5 total indirect effect (2+3+4)
=6 net effect (1+5)
Record 6 (2X,Al) TT  (TT=1HT)

Reference

1. D.E. Bartine, E.M. Oblow, and F.R. Mynatt, "SWANLAKE--A
Computer Code Utilizing ANISN Radiation Transport Calculations
for Cross Section Sensitivity Analysis," ORNL/TM-3809, Oak
Ridge National Laboratory (1973).





