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ABSTRACT

The High-I'lux Isotope Reactor is a flux-trap reactor containing aluminum-clad fully enriched fuel
plates and light-water coolant and moderator. At its maximum steady-state power level of 100 Mw the
peak thermal-neutron flux in the fux trap is 5.5 X 10'5 neutrons/cm**sec, It is in the trap region that
242py and heavier recycle material is irradiated to produce 252Cf and lighter transplutonium isotopes.
Numerous other experimental facilities are available and are presently being used for experiments
requiring strong beam currents and high nonthermal fluxes. The peak total nonthermal flux in the
reactor is 4.0 X 1015 neutrons/cm®-sec.

In the process of designing the very high-performance HFIR core, several critical experiments and
numerous other experiments pertaining to heat removal and structural integrity were conducted to
insure satisfactory operation. Since the time that full power was first achieved (September 1966) 54
core loadings (as of October 1970) have been used with no fuel element damage or other serious
problems. The fuel-cycle time at full power is 23 days (somewhat greater than was expected), and
preliminary measurements indicate that the neutron fluxes over most of the cose are essentially the
same as predicted.

Modified core loadings for achieving longer fuel cycles have been investigated, and it appears that
within the limitations imposed by fabrication and performance restrictions, 50% longer cycles could
probably be obtained.

Keywords: HFIR, research reactors, isotope production, reactor core design, critical experiments






-HFIR CORE NUCLEAR DESIGN

R. D. Cheverton

T. M. Sims

1. SUMMARY

The HFIR was designed primarily for producing
transplutonium isotopes by using 2#?Pu and eventually
heavier recycle material as feed. The reactor has now
been operating at full power for about four years and
has performed essentially as expected, with one notable
exception; the fuel-cycle time is about 40% longer than
calculated.

In order to achieve economically the high thermal
flux required for transplutonium -production it was
necessary to design a very high-performance core, and
flux-trap geometry was selected because of its ability to
produce a high ratio of thermal flux to power.
Surrounding the flux trap are two concentric annular
fuel elements containing highly enriched U;0g4-Al,
aluminume-clad, involute-geometry fuel plates. The side
reflector is beryllium, and it ig separaied radially from
the fuel region by a thin annular control region. All
components are cooled with light water, which is also
the primary moderator.

In the process of designing the HFIR core, several
critical experiments were conducted. The first was a
solufion critical. experiment, and this was followed by
three experiments with actual HFIR-ty pe fuel elements.
The last of these latter three experiments was con-
ducted in the actual HFIR facility, while all the others

were conducted in a separate critical facility. Power-
disiribution data from these experiments were used in
conjunction with one-dimensional fuel-cycle calcula-
tions to predict two-dimensional power distributions
throughout a fuel cycle.

Because the core operates at very high power density
the fast-neutron flux is also quite: high, and on a small
scale (because of space limitations) it is proving very
useful for materials-irradiation-damage studies in con-
juniction with advanced power reactor programs. Even
the horizontal beam tubes, which were added almost as
an afterthought, are producing very high and very
useful neutron currents. '

A schematic representation of the core is depicted in
Fig. 1.1, and typical radial flux distributions are shown
in Fig. 1.2. Other pertinent core characteristics are
given in Table 1.1.

The present HFIR design, although quite advanced in
terms of neutron fluxes and heat-removal capability,
does not necessarily represent an optimum or ultimate
design within present technology or a small extrapola-
tion thereof. One modification that is being pursued at
the present time is an increase in fuel and burnable-
poison loadings to achieve a longer fuel cycle. It appears
at present that a 50% longer fuel cycle can be achieved
before encountering power-distribution, mechanical-
integrity, fabrication, and radiation-damage limitations.



Table 1.1. Summary of HFIR Cliaxacteristics

Reactor power levels, Mw

Steady-state operating 100
Minimum steady-state incipient boiling 130
Neutron fluxes at 100-Mw operation, neutrons/cm?-sec
Thermal
Maximum unpesturbed in island 55x%x 10'°
Average in typical 300-g 242py island target 2.0 x 1013
Maximum unperturbed in Be reflector
Beginning of fuel cycle 1.1x 10'°
End of fuel cycle 1.6 x 10'°
Maximum unperturbed at Be-H,O reflector interface
Beginning of fuel cycle 1.4 x 10'*
Fnd of fuel cycle 1.7 x 10"
Average in fuel region
Beginning of cycle 3.3x 101
End of fuel cycle 45x10'%
Total nonthermal
Average in island target 2.4 % 10'°
Maximum in fuel region 4.0 x 103
Prompt-neutron lifetime, usec
Beginning of cycle 35
End of cycle 70
Etfective delayed-neutron fraction 0.0071
Length of typical fuel cycle, days 23
Reactor materials
Fuel plate U;0g-Al cermet with
Al cladding
Weight of ¥*%y per plate in inner fuel element, g 15.18 + 1%
Weight of 35y per plate in outer fuel element, g 18.44 + 1%
235y enrichment, % ~93
Total loading of 235 U, kg 9.40
Total burnable-poison loading (l OB in inner 2.8
fuel-element plates only), g
Coolant H,0
Island moderator H,0
Side reflector
Removable Be + 5% H,0
Permanent Be + 2% H,0
Shim, safety and regulating plates
Black region Eu, 05 + Al
Gray region Ta+ Al
White region Al
Plutonium target rods PuO,-Al cermet with
Al cladding
Core geometry Cylindrical flux trap
Fuel-element geometry Cylindrical annulus with
involute-shaped fuel
plates
Nuinber of fuel elements per loading 2
Core dimensions
Flux-trap diameter, in. 5.067

Inner fuel-element diameters, in.
Side plates

1D 5.067

oD 10.590
Active elements

ID 5.623

oD 9.920

Quter fuel-element diameters, in.
Side plates
1D 11.250
oD 17.134



Table 1.1 (continued)

Active elements
D
oD
TFuel-region height (active), in.
Fuel-region volume (active), liters
Control-region diameters, in.
1D
0D
Side-reflector dimensions, in.
Height
Removable-reflector 1D
Removable-reflector OD
Permanent-reflector QD
Piressurc-vessel 1D
Fuel-plate thickness, in.
Fuel-plate total length, in.
Fuel-plate heat transfer surface area (total), ft?
Coolant-channel thickness, in.
Heat transfer data
Fuel-plate heat load, Mw
Power density (av), Mw/liter
Heat flux (av), Btu/hrft*
Heat flux (hot spot), Htu/hrft2
Coolant velocity, ft/sec
Temperatures, ° F
Coolant inlet
Coolant outlet (nominal max)
Oxide-water interface (nominal max)
Metal-oxide interface (nominal max)
Fuel-plate center line (nominal max)
Expesimental facilities (other than flux trap)
1.584-in.-diam vertical facilities in permanent reflector
Number
T_ocation (radial distance), in.
11 holes at
5 holes at
2.8 34-in.-diameter vertical facilities in permanent reflector
Number
Location (radial distance), in.
0.500-in.~-diameter vertical facilities in shim
access plugs
0.500-in.-diameter vertical facilities® in outer
ring of removable reflector
Horizontal beam tubes
Number
Location

Type
Lngineering facilities

Number
Location

11.913
16.483
20.0
50.59

17.134
18.872

24
18.872
23.756
43.0
94
0.050
24.0
428.8
0.050

97.5

1.93

0.776 X 10°
1.97 x 10°
51

120
196
269
303
325

16

15.438
17.344

6
18.219
8

3

Horizontal midplane;
tevminate ~3 in. trom
fuel

Radial, tangential, and
through

4

Approximately
tangent to outer
surface of beryl-
lium reflector, 41° to
vertical

Diameters of four of these facilities were recently enlarged to 1.4 in.
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2. INTRODUCTION

The design of the High-Flux Isotope Reactor (HFIR)
was undertaken with essentially a single purpose in
mind — the production of transplutonium isotopes, such
as 252Cf, at a rate of milligrams per year. Feed material
for the production of the heavy isotopes was to be
242Py and eveninally recycle material, and the heaviest
isotope to be considered for design optimization pur-
poses was 252Cf, since heavier isotopes have much
lower production rates (very short half-lives).

A flux-tiap type of reactor design was desired for the
HFIR because of its relatively large ratio of peak
thermal-neutron flux to total power (®/P). Survey
studies of flux-trap reactors conducted during the
period 1936 to 1958 not only disclosed the character-
istically large value of ®/P but also indicated that the
desired quantities of the heavy isotopes could be
produced at a reasonable power level (~100 Mw).'™

Beginning in 1958, preliminary HFIR design studies
were undertaken, and the first HFIR physics report®
was issued in 1960. Solution critical experiments,®™®
which generally validated the calculational methods,
were conducted early in 1960 and were followed by
two critical experiments employing prototype HFIR
fuel elements and control rods.®!? These latter experi-
ments, along with later calculations, were used to
complete the core design and to provide operational
data.

This report briefly discusses many of the factors
involved in the optimization of the core design and
provides detailed information on neutron fluxes, power
distributions, fuel-core fission densities and tempera-
tures, control-rod worths, reactivities associated with
experimental facilities, various reactivity. coefficients,
and fuel-cycle characteristics. Since it appeared that it
would be possible to significantly increase the fuel-cycle
time over that of the present core, a brief discussion of
methods by which this might be done is also included.
Detailed avnalysis of flux-trap-void and material effects
and of reactor fast transients are available in separate
reports,' 415 The core heat transfer analysis,'® which
of course was an important part of the optimization
study, and specific reactor safety studies are also
reported separately.' 7 A functional description of the
overall HFIR facility is presented in Ref. 18.

Construction of the reactor facility was completed in
1964, and criticality was first achieved August 25,
1965. For the next four months, numerous hydraulic
and nuclear experiments were conducted without sig-
nificant difficulties being discovered. Low-power opera-
tion began in January 1966, and full power (100 Mw)
was achieved in September 1966. At the time of this
writing (October 1970} approximately 126,000 Mwd of
full-power operation has accumulated without nuclear
difficulties. However, a discrepancy does exist between
the calculated and actual fuel-cycle time. The actual
time is 23 days, which is significantly longer than
predicted.



3. BRIEF DESCRIPTION OF HF{R

The HFIR is a highly enriched (~93%) 235Ufueled
alurinum-clad system that is cooled and moderated
with pressurized light water, which dissipates its heat
through heat exchangers to a cooling tower. The core
consists of two concentric fuel annuli with a cylindrical
cavity (flux trap) at the center and a beryllium-water

side reflector, which is separated radially from the

cylindrical fuel region by a thin annular control region,
45 shown schiematically in Fig. 1.1. The two fuel annuli

constilute two fuel elements, each containing involute-

shaped fuel plates that are held in place with two
cylindrical side plates. {n the annular control region are

two concentric cylindrical control rods, with the inner’

AT . 3
Y e,
S
o, /
G/

coustituting a continuous cylindrical surface and the
outer being divided into quadrants, each with its own
drive mechanism.

In addition to the central flux trap, which at present
is used prmarily for production of transplutonium
isotopes, there are several other experimental facilities,
all of which are located in the beryllium side reflector.
As shown in Figs. 3.1 and 3.2, these facilities include
three horizontal beam holes at the horizontal midplane
of the core and numerous vertical [acilities plus four
slant facilities adjacent to the side of the beryllium
reflector. '

Dimensional, material, and functional characteristics
of the reactor are listed in Table 1.1.

ORNL~DWG. 63-3674R

\ t\m;mm:e,ﬁ‘@.s,
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ot 23 4 5 8
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Fig. 3.1. HFIR Cross Section at Horizontal Midplane.
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4. REVIEW OF DESIGN CONSIDERATIONS

The design of the HFIR core represents an effort to
achieve the maximum possible production rate of

252(f with a specified quantity of 2*?Pu feed material -

and a reasonable power level. For expediency this had
to be done within the framework of existing or slightly

extrapolated technology and available information on
transplutonium production constants. Even as the core

was being designed and fabricated, new basic data

became available that could have resulted in improve-
ments but which arrived too late, Thus it cannot be said

that the HFIR core represents an optimum design; for
instance, the optimum flux-trap diameter for a 300-g
242py target is probably somewhat greater than the
present diameter. At the time the flux-trap diameter
was established the amount of plutonium feed material

- available for irradiation in the flux trap was sig-

nificantly less than at present, and significant variations

in reported neutron cross sections for many of the

heavy isotopes have occurred.

4.1 Selection of Reactor Type
and Materials

Flux-trap geometry was selected for the HFIR be-
cause it results in a high value of thermal-neutron flux

per unit of power, and the peak thermal flux exists in a:

region exterpal to the fuel; that is, the central moder-

ator region or flux trap. Cylindrical geometry and a

symmetrical reflector control system were specified

because they both helped to flatten the power distribu-
tion and thus contributed to higher average power

density operation. In this regard a further significant
improvement was achieved by varying the fuel concen-
tration in the radial direction. Water was selected for
the moderator in the flux trap because it results in a
higher peak flux than can be achieved with other
practical moderators.

The fuel region, which surrounds the flux trap,
contains two annular fuel elements that contain in-
volute-shaped aluminum-clad fuel plates. Water was
specified as the: coolant and moderator, even though
heavy water would have provided somewhat better
leakage charactedstics, because of the greater simplicity
in overall design and the lower cost. Aluminum was
selected as the fuel cladding material because, compared

with other cladding materials, such as stainless steel,
nickel, and zirconium, it results in much lower fabrica-
tion and reprocessing costs. Furthermore, with the
exception of the very expensive zirconinm, aluminum
results in significantly lower parasitic neutron absorp-
tion and thus lower tuel loading and smaller core size. It
also appeared that the strength and corrosion resistance
of aluminum were quite satisfactory for the intended
service. ,

Because of the expected requirement for high fuel
concentration in the fuel plate a dispersion of U3 Oy in
alunminura powder was selected, instead of a uranium-
aluminum alloy, Lo prevent excessive fuel segregation.
Furthermore, more uniform bumable-poison loadings
are achieved with cermets than with alioys. Fuel plates,
rather than wires and tubes, were selected for the heat
transfer surface configuration, because for practical
plate and wire dimensions, the plite provides sig-
nificantly more heat transfer area per unit volume;
furthermore, a plate provides more surface area pet
individual unit, and thus fewer units are required per
total fuel loading. Tnvolute geometry for the fuel plate
was specified for several reasons: it provided a uniform
metal-to-water ratio; the fuel elements could be madein
the shape of circular annuli with only two annuli being
required; only two slightly different types of fuel plates
were required; it provided a means for varying the fuel
concentration in the radial direction (variable-thickness
fuel and poison core along the involute arc); and it
permitted the use of a plate that was not significantly
different in size and shape than those already being
satisfactorily produced for other reactors. In addition
the curved shape, in contrast to a {lat plate, tends to
minimize mechanical instability problems.

Surrounding. the fuel region is an annular control
region containing two thin-walled (*4-in.) concentric
cylindrical control elements. The inner cytinder, which
is used for both shim and regulation and which is
referred to as the shim-regulating rod, has a single drive
rod with a duplex drive mechanism that superimposes
the regulating motion on the shim motion. This rod
moves upward to insert poison. The outer control
cylinder is divided into quadrants, each having its own
drive and safety release mechanism. These rods, reterred
to as the shim-safety rods, are uvsed for both shim and
safety and are moved downward into the core to add



poison. Normally the shim-safety rods are moved as if
ganged together, and this gang and the shim-regulating
rod are maintained symmetrical about the horizontal
midplane of the core to maintain symmetry in the
power distribution.

Fach control rod contains three longitudinal regions:
a black region containing europium, a gray region
containing tantalum, and a white region containing
aluminum. The europium (Eu,0;) and tantalum are
dispersed in and are clad with aluminum so that a
control rod is essentially an aluminum plate or cylinder
containing black and gray cores. Aluminum was
selected because of its relatively low material density
{which results in low heat-generation rates and low
acceleration forces), good thermal conductivity, low
neutron-scattering cross section (important in the black
and gray regions), low neutron-absorption cross section
(important in the white region), and the relative
simplicity with which a sufficiently strong aluminum-
base rod can be fabricated to very close dimensional
tolerances.

Europium was selected as the black absorber pri-
marily because of the deficiencies of other more widely
used absorbers. For instance, boron suffers excessive
radiation damage; cadmium has too low a melting
temperature and epithermal cross section; hafnium and
silver have excessively low cross sections for inclusion as
dispersions and create severe design problems if in-
cluded as discrete sections of the rod; gadolinium has
too low an epithermal cross section; and dysprosium
has a rather low absorption cross section and a high
scattering cross section. Europium, on the other hand,
has adequately high thermal and epithermal cross
sections, is metallurgically compatible with aluminum
(in the oxide form), and because of its high-cross-
section daughter products has a relatively long cross-
section lifetime.

Tantalum was selected as the gray-region material
because of its appropriate absorption cross section and
its compatibility with aluminum. Also ORNL had had
some successful fabrication experience with it. A later
requirement for the gray material was that it should
have good corrosion resistance in reactor water when
coupled with aluminum; tantalum also satisfied this
requirement.

Surrounding the control region is the beryllium
reflector. The materials considered for the reflector
were beryllium, heavy water, a mixture of heavy and
light water, and graphite. Graphite would have required
canning, and this appeared to be impractical for a
reflector containing many experimental facilities. Heavy

10

water or mixtures of heavy and light water had several
advantages relative to the control concept and reflector
experimental facilities; however, the disadvantages as-
sociated with maintaining separation of the light- and
heavy-water regions of the core and with the main-
tenance of a heavy-water cleanup system outweighed
the advantages. Thus, beryllium was selected. To
accommodate the radiation-damage problem in beryl-
lium, the reflector was divided into radial regions so
that the innermost regions could be replaced period-
ically.

The entire core is surrounded by enough water to
prevent significant radiation damage and heating in the
pressure vessel and to provide adequate shielding for
component handling.

4.2 Calculational Parameter Study

The thermal flux in the flux trap results primarily
from leakage of nonthermal neutrons from the fuel
region into the flux trap and from their subsequent
moderation therein. Thus, the flux that can be achieved
is a function of the leakage characteristics of the fuel
region, the moderating characteristics of the flux trap,
and the power.

An optimum flux-trap diameter exists because total
leakage into the trap is essentially independent of trap
diameter (for the diameter range of interest), modera-
tion increases and becomes asymptotic to a maximum
as the diameter increases, and neutron density per
neutron increases as the diameter (volume) decreases.
The optimum diameter is smaller for moderators having
small values of neutron age, and thus water results in
the smallest trap diameter and the highest thermal flux.
The relatively small high-flux volume obtained with
water appeared to be quite adequate for the originally
anticipated amount of plutonium feed material (100 to
200 g 2%%Pu). Calculations made to determine the
optimuin trap diameter indicated a negligible difference
between optimurn diameters with and without the
target.

Since the time that the target diameter was specified
the available feed material and the amount of target
structural and heat-removal material has increased.
Recent calculations indicate that a 10% increase in
thermal flux could be achieved by increasing the trap
diameter from 14 to 18 cm, while maintaining the same
core cross-sectional area and power level.

Total neutron leakage from the fuel region to the flux
trap is influenced by the following fuel-region param-
eters: metal-to-water ratio, length-to-diameter ratio,



neutron cross section, power distribution, and power
density. Increasing the metal-to-water ratio, power, and
power density and decreasing the neutron cross section
tends to increase leakage, while an optimum length-to-
diameter ratio exists. A further increase in leakage (for
a given power level) can be achieved by peaking the
power density next to the flux trap. Other parameters
that enter the picture because of their influence on the
fuel-region parameters are heat transter, mechanical
considerations, and fuel loading (fuel-cycle time). The
result of considedng all these parameters sinul-
taneously was that the metal-to-water ratio was de-
termined primarily by the need to .achieve the maxi-
mum  practical heat transfer surface area per unit
volume, and this was limited by mechanical and
fabrication considerations. The power distribution, in-

11

stead of being peaked, was made nearly flat (by varying

the fuel distribution in the radial direction) in order to
raise the average power density as much as possible.

This reduced the island flux per unit power by a few
percent but increased the permissible average power

- densiiy and thus the total leakage by nearly a factor of

2. The power level was established in a very early
conceptual design on the basis of satisfying the desired
transplutonium-production rates and on the basis of

minimum permissible active core volume, existing cor-

~ available capital funds. In order to armrive at the

relations for bumout heat flux and preliminary data on.

power distribution, tolerances, and uncertainties were
used 1o estimate a permissible average powec density.
Finally, a fuel loading was specified primarily on the
basis of providing a reasonable fuel-cycle time, although
limitations were imposed by reactivity, metallurgical

the criteria and limitations were compatible.

It should be apparent from the above description of

how the design was pieced together that it does not
necessarily represent an optimum design; in fact much

of the valid experimental data was obtained after the
design was established. This left room for improvement,:

but the HFIR is satisfying the original objectives.
4.3 Experimental Programs

Since the conceptual design of the HFIR called for a
very high performance advanced core and required
extrapolation of existing technology in some areas,
many of ithe design parameters were'investigated experi-
mentally. Some early nuclear experiments with flux-
trap cores were conducted in Russia and were reported
at the Second United Nations International Conference
on the Peaceful Uses of Atomic Energy.® The data

properties, radiation damage, and corrosion; fortunately

indicated that the optimum trap diameter with nothing
but water in the trap was about 12 cm, which agreed
quite well with ORNL calculations. Therefore no
further experimental optimization of the trap diameter
was proposed. However, many other nuclear parameters
were investigated at ORNL in critical experiments
conducted specifically for the HFIR (see Appendix A).

Shortly after establishing the HFIR conceptual de-
sign, a solution critical experiment (HFIRCE-1) was
proposed for establishing the accuracy with which
critical mass, power distribution, and flux levels could
be calculated. These data were then used to help firm
up the design so that a critical experiment (HFIRCE-2)
could be conducted with actual fuel elements, control
rods, and a heryllium reflector. :

The HFIRCE-2 core was essentially identical to the
present design except that the fuel elements contained
only 8.01 kg ***Uand 1.7 g ' °B, and the distributions
of these materials were different. Furthermore, two sets
of conirol rods, each different from the present design,
were used. The:first set had a silver-copper black region,
a nickel gray region, and an aluminum white region,
with each region about 20 in. long. This set sinulated a
proposed mnickel-clad silver, nickel, aluminum design,
which was finally rejected because of fabrication and
design difficulties and becawvse of the detrimental
effects of the rather large scattering cross section of the
nickel. The second set of rods simulated the present rod
design with a silver-copper black region, a 5-in.-long
sitver-aluminum gray region, and an aluminum white
region. ‘

Results from the HFIRCE-2 experiments and new
information on reactivity tolerances and control-rod
and fuel-element fabrication problems indicated that
the fuel loading should be increased from 8.0 to 9.4 kg
2351, the burnable-poison loading should be increased
from 1.7 to 2.12 g '°B, and the distribution of both
fuel and burnable poison should be changed. Thus a
third critical experiment was planned.

Experiments conducted in the HFIRCE-3 series were
essentially the same as in the HFIRCE-2 senes. The
control rods used for the initial HFIRCE-3 experiments
were those that simulated the present Eu,05-Ta-Al
rods; that is, the silver-copper-aluminum rods. Resulis
trom these experiments and still further information on
reactivity tolerances indicated that the '°B loading
should be increased from 2.12 g to 3.60 g. (Because of
the lead time required for fuel-element fabrication the
larger loading was specified for the first set of HFIR
production fuel elements.) When ‘the first set of actual
Fu,04-Ta-Al rods finally became available and were



used in the experiments, it was determined that these
rods were worth considerably more than the silver-
copper-aluminum rods. Therefore, the '°B loading for
subsequent cores was reduced; the new loading is
2.80 g.

After the HFIR facility became available, a number of
experiments were performed in it with the HFIRCE-3
core and the HFIRCE-3 Eu,0;-Ta-Al control rods.
These experiments, referred io as the HFIRCE-4 experi-
ments, were performed to (1) investigate small dif-
ferences in the HFIRCE-3 and HFIR overall core
assemblies, (2) obtain more detailed power-distribution
data, (3) calibrate the control rods, and (4) investigate
more thoroughly the question of reproducibility.

Thermal, hydraulic, and mechanical design features
were also analyzed with the aid of experimental
programs. Heat transfer tests werc conducted with
electrically heated, simulated fuel-plate assemblies to
determine burnout and incipient-boiling heat fluxes,
fluid-film heat transfer coefficients, and friction factors
specifically for HFIR operating conditions.'® Corrosion
experiments were conducted with similar equipment to
investigate and to obtain correlations for the rate of
oxide growth, which is important in the calculation of
the very significant temperature drop across the low-
thermal-conductivity oxide.2? Much development ef-
fort was required to perfect the techniques for making
contoured fuel-plate and buwrnable-poison  cores
(method for varying fuel concentration in radial direc-
tion) and to determine the expected distribution
tolerances.?! Assembly dimensional tolerances were
also important in the design analysis and thus had to be
studied by fabricating entire fuel clements. A study of
the compatibility of control rod materials was also
quite important, Early in the design effort there were
indications that Hu, Q4 and tantalum were not stable in
aluminum. Because of this and the high cost of Eu, QO3
it was decided to switch to the less desirable silver-
nickel-aluminum combination. Unsuccessful attempts
to clad silver with nickel and to obtain a satisfactory
union of the gray and white regions, and continued
efforts to achieve compatibility between the more
desirable control-rod “materials, finally resulted in a
decision to revert to the Eu, O3 -Ta-Al rods.

Experiments were also conducted to investigate the
mechanical stability and deflection characteristics of
the fuel plates when subjected to thermal differential
expansion and hydraulic loads?? and to obtain informa-
tion on fuel-plate and control-rod radiation damage.
The fuel-plate radiation-damage studies were conducted
at the ETR in conjunction with the ATR and HFIR
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programs.?® Information from these experiments was
not really incorporated in the design because the data
were only recently made available. However, the data
indicated that there would be no radiation-damage
problems with HFIR fuel plates, and actual HFIR
operation has proved this to be the case.

4.4 Design Limitations

There arc a number of design features in the fuel
elements that relate to limitations that are not as
obvious as those associated with heat transfer, radiation
damage, dimensional tolerances, strength, etc. One of
these concerns the increase in fuel segregation as the
contour of the fuel distribution is made steeper.
Because of this effect it was necessary to add a water
region between the two fuel elements to flatten the
thernal flux and thus the fuel distdbution; un-
fortunately this was done at the expense of decreasing
neutron leakage to the flux trap by a few percent.

Fuel-cycle time can of course be limited by radiation
damage, but perhaps some not so apparent limitations
are those associated with the limited worth of a
reflector control system, the detrimental effects of
increased burnable-poison loading on power distribu-
tion and the flux-trap flux, and the effect of increased
fuel loading on fuel segregation. These limitations are a
function of type of materials, location of specific
materials within the core, and method of fabrication.
For the present HFIR design it was believed that these
limits had been nearly reached. However, as discussed in
Chapter 11, recent developments might permit a sig-
nificant extension of fuel-cycle time.

Since an attempt was being made to achieve the
highest possible performance in the HFIR fuel element,
it was necessary to consider individual tolerances and
uncertainties, and of cowrse it was important that none
be overlooked. The list included categories such as
reactor-instrumentation and recorder inaccuracies, fab-
rication tolerances, uncertainties associated with cal-
culational models, and inaccuracies in experimental
data and resultant correlations. In the case of the HFIR
these factors are very important in achieving not only
adequate heat transfer but also adeqnate reactivity
shutdown margins. Since an arbitrarily “large™ safety
factor does not exist, it is important that specified
tolerances be adhered to. In at least one case it is
probably not reasonable to entirely trust the usual
inspection techniques; this involves the reactivity worth
of the fuel elements. Since the addition of only one
element to the core could make the core supercritical, if
for instance the burnable poison had accidentally been



left out, and a few other things were out of specifica-
tion, it was decided to devise a technique for checking
the reactivity of a fuel element assembly under condi-

‘tions that provided considerably more reactivity control

than available in the reactor facility. Such a check is
applied to each new pair of fuel elements in a special
critical facility.

4.5 Design Philosophy Regurding Core
Performance Capability

13

A review of the designs and operating histories of

pre-HFIR era research and testing reactors indicates

that tliese reactors were initially designed with what is
now considered to be very large margins of safety

insofar as heat removal is concerned. At least in some of
these cases the “necessity” for the large margin was

associated with a lack of reliable design data in
relatively new scientific fields. Following initial opera-
tion, and as more information became available, the
power levels of these reactors were gradually increased
by substantial amounts.

The sitvation for the HFIR was intended to be
different; that is, no arbitrary safety factors were

included, and no additional operating capacity was -

designed into any significant component of the heat-
removal system. One reason for this approach was that

it was desired to achieve the highest neutron fluxes .

possible with the funds that were available. Of course
even with HFIR there were some final data that did not
become available until after the design was frozen.

 However, the most recent analysis of permissible power

level based on the certified design criteria and the most
recent data, as of October 1970, indicates that the

. permissible maximum nominal steady-state power level

for the present fuel element capabilities is 100 Mw. This
is consistent with the advertised power level capability

but is somewhat lower than the previously published

value.'®

Since the time HFIR first operated for a complete
fuel cycle at full power, there has been the inevitable
desire to either raise the power level or degrade the
specifications, either of which would in principle reduce
the cost of a neutron (the going rate is about 1 X 10712
dollars per neuiron absorbed in the plutonium feed
material). Of course simply because the fuel elements
perform satisfactorily at design conditions is no reason
to suspect that they are “overdesigned.” In fact in most

cases if any degradations are permitted with the present
core design, the best estimate of the permissible power’

level will drop below 100 Mw. On the other hand there

are areas in which further research and development

work could lead to a new core design that would permit
somewhat higher power levels. In view of this situation
and in delense of what was considered to be a
reasonable design approach, the design criteria, methods
of analysis, and possible areas for improvement are
briefly reviewed here.

Early in the HFIR project it was necessary to
establish a maximum nominal steady-state power level
and a nominal peak power level at which the ultimate
scram would be set. Proper selection of the latter power
level is very important for two reasons: if set too low
the reactor will scram on “noise,” and if set too high
the performance capability will be jeopardized (reduced
normal operating power level). After much considera-
tion of these two factors, 130% of normal full power
was selected for the ultimate scram point. The pos-
sibility of lowering this limit can probably be in-
vestigated during reactor operation.

It is possible, though not very probable, that the
power level could wander up to nearly 130 Mw for a
brief period of time, and of course it is possible that a
relatively fast tramsient could also result in 130 Mw
being achieved. It was decided that the probability of
such occurrences during the ceactor facility’s lifetime
was high enough that core damage should not be
permitted during brief periods of tirmme {a few hours) at
130 Mw.

In the process of designing the core it was necessary
to create an analytical model for considering all the
tabrication and operational adversities and technical
unceriainties insofar as their effects on heatsremoval
capacity and radiation darsage are concerned. After
examining the various probabilities associated with
frequency of occurrence and considering the various
methods of inspection that might be used, it was
concluded that a satisfactory model would permit all
adversities and uncertainties to vccur simultaneously,
consistent with physically realizable situations. This
approach has been viewed by some as overly con-
servative; however, continuing surveillance of inspection
techniques and records and of eperational methods
indicates to the designers that the model is still
justified. If, on the other hand, more sophisticated
inspection techniques wece used, such as digital rather
than analog retrieval and analysis of fuel-distribution
data, it would probably be possible to upgrade the
power rating on at least some of the fuel elements.>*
Of course other core and heai-removal components
were designed for the same limiting power level as the
fuel elements; that is, 100 Mw. '

Another design approach that might be changed as a
result of additional experimentation is that of using the



incipient boiling point rather than burnout as a limiting
condition at 130% nominal power. Because of possible
parallel-channel hydraulic instabilities (boiling disease)
and narrow-channel cffects (channel dimension ap-
proaches bubble size) the burnout power level tends to
approach the incipient-boiling power level. The experi-
mental program did not provide all the data desired in
these areas, and until appropriate experiments are
conducted, there is no choice other than to select
incipient boiling as the limiting condition.

Successful operation of the HFIR core at 100 Mw
does not necessarily imply that the core is adequately
designed. The reason for this is that the actual degree of
perversity of a particular core loading is not known
(with cwirent inspection techniques), and the core is
not necessarily subjected to limiting operational condi-
tions. Thus uniless 2 “maximum permissible preversity”
core is purposely fabricated, the degree of perversity is
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established, and that core is subjected to the ap-
propriate limiting abnormal operating conditions to
establish its adequacy, it is necessary to rely on the
calculations. It is important that this be understood
because it effectively negates the possibility of simply
raising the power level of a typical fuel loading to
determine its upper steady-state limit. This same reason-
ing also applies to degrading of the fuel-element
specifications while holding the power level constant.

Because of the strong dependence on calculations and
laboratory experimental data it is important that the
criteria, methods of analysis, and application of experi-
mental data be thoroughly understood before aitempt-
ing to reduce fabrication and operating costs at the
expense of a reduced margin of safety. The relatively
large margins associated with previous research reactors
do not exist in the HFIR.
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5. NEUTRON FLUXES

An attempt is made in this chapter to provide neutron
flux information . that will be of use to prospective
HFIR users. Most of the flux values were obtained from
calculations; however, there are some experimental data
available that can be used for estimating the accuracy
of the calculated values and normalizing them. Regard-
ing the accuracy of the calculated values, it can be gen-
eraily stated that in regions away from the control rods
and the ends of the fuel elements, the calculated un-
perturbed thermal fluxes are within about £10% of the
actual values. Calculated thermal fluxes for the “stand-
ard” flux-trap targets should also have an accuracy of’
about £10%.

Recently there has been increased interest in epi-
therma! and fast-flux irradiations in the HFIR. Thos.
sorne nonthermal flux information, both calculated and
measured, is included. It is of interest to note that the
maximum fast fluxes available for experiments also
occur in the flux trap, and thus thermal- and fast-flux.
experiments must compete for the peak flux space.

Much experimental flux-related information was ob-
tained from the fuel regions in conoection with the
power-distribution measurements. Such information has
been useful in predicting the accuracy with which
power distributions can be calculated, but no further
reduction of the data has been atterupted. However,
there is little likelihood that experiments will be
placed within the bounds of the fuel regions.

The methods used for calculating the fluxes are
described in Appendix B. It is sufficient to say here that
one-dimensional  33-group dilfusion-theory methods
were used most extensively, with a sprinkling of
two-dimensional  few-group  diffusion calculations.
Typical radial’ flux distributions from the oaqe-
dirnensional calculations are shown in Fig. 5.1. Two-
dimensional results for the HFIRCE-4 core in the clean
condition with a 300-g plutonium target are shown in
Figs. 5.2 through 5.5. For the fully poisoned condition
{rods out and soluble poison in the moderator) with no
target, the results are shown in Figs. 5.6 through 5.9.
The fully poisoned condition is not really typical of an
operating core, bul the curves do show to some extent
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the effect of withdrawing the rods and also show flux
distributions in the flux trap without a target. )

As indicated in Fig. 5.1 the thermal flux in the flux
trap changes very little with time in the fuel cycle,
whereas the peak thermal flux in the beryllium reflector
increases (according to this calculation) by about 80%
from beginning to end of cycle. The big change is the
result of control rod withdrawal.

Typical 33-group fluxes from a one-dimensional
calculation are tabulated in Appendix C, along with
factors for normualizing the computer output: In the
following paragraphs flux characteristics in specific
regions are discussed.

5.1 Flux-Trap Region

The thermal flux in the flux trap results primarily
frorm the moderation in the trap of high-energy
neutrous that leak out of the fuel region. Because of the
large absorption cross section in the fuel region,
relatively few low-energy neutrons leak from the fuel
region to the flux trap. Thus, the thermal flux in the
trap is reasonably independent of changes in the fuel
region during a fuel cycle. Of greater importance are the
number of neutrons produced {power density), the
diameter of the trap (slowing-down distance and
volume), and the moderating and absorption character-
istics of the trap contents. Selection of trap size and
moderator are discussed elsewhere in the report, but it
is important to understand what changes in flux will
occur as a result of changes in the target. It is also of
interest to note the change in flux in the trap that is
associated with a change in power distribution and
absorption cross section in the fuel region. Such
changes are shown in Fig. 5.10.

Curve 1 in Fig. 5.10 is a typical thermal-flux radial
distribution in the flux trap without a target and with
the core in the clean condition. If enough poison is
uniformly added to the fuel region so that the reactor is
critical with the rods fully withdrawn (curve 2), the
increased fuel-region absorption and the change in
power distribution decrease the peak thermal flux by
only 10%. The insertion into the trap of an aluminuim
target without the feed material (curve 3) reduces the
peak thermal flux by 27%, and the addition of the feed
materjal (curve 4) subtracts another 21% (total of 48%).

The displacement of water by the target reduces
moderation in the trap and thus reduces the thermal
flux and increases the nonthermal flux. Curve 5 in Fig.
5.10 indicates what happens when the aluminum-to-
water ratio in the trap is increased to 4.0 (the present
target design has a metal-to-water ratio of 0.75). The
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decrease in peak thermal flux, comnpared with no target,
is 78%; and the increase in total nonthermal flux is
about 30%. Figures 5.11 and 5.12 show in greater detail
the effect that increasing the aluminnm-to-water ratio
has on increasing the nonthermal fluxes.

With the 300-g plutonium target insialled there is not
much space left in the flux trap for other experirental
assemblies. However, the “optimum-diameter” target
does leave a narrow water annulus between the target
and the inner fuel element that is being considered for
materials irradiation. The effect of uniformiy dis-
tributed void and absorber in this region on the average
thermal flux in the plutonium target is shown in Fig.
5.13. Figure 5.14 shows how six experimental as-
semblies might actually be added to the narrow
annulus. The numbers in the symmetrical segment
indicate the thermal-flux perturbations resulting from
the addition of the six mwaterials-irradiation rods.

As indicated in Fig. 5.1, the variation in flux levels in
the flux trap during a fuel cycle is not very large. Figure
5.15 shows in greater detail the variations in the peak
thermal and total nonthermal fluxes as a function of
time. The initial drop in fluxes reflects the buildup of
xenon and the resultant shift in power distribution,
both of which tend to reduce the flux trap thermal
flux. The subsequent increase in thermal flux reflects
the increase in fuel-region flux with fuel burnup. As
explained in Chapter 8 the 23-day fuel-cycle calcula-
tions did not include long-lived fission-product buildup,
and thus the calculated increase in flux-trap thermal
flux is somewhat greater than would probably actually
exist. Purther details of the time dependence of
neutron fluxes in the flux trap are given in Tables 5.1
through 3.5.

Table 5.1. Horizontal Midplane Thermal
Neutron Fluxes at 100 Mw in the HFIR Flux Trap
with Standard 300-g Plutonium Taiget Instalied

Neutron Fluxes as a Function of Time

Radial Distance from in Fuel Cycle (neutrons{fcm?-sec)

Reactor Longitudinal

Center Line (cm) 0 t 11 21

Days Day Days Days

x10'*  x10'®  x10"®*  x10'®
0 2.82 2.75 2.89 2.91
1 2.81 2.74 2.88 2.91
2 2.78 2.71 2.86 2.90
3 2.72 2.66 2.82 2.87
4 2.63 2.57 2.76 2.83
5 2.49 2.43 2.63 2.75
5.7 2.07 2.04 2.28 2.43
6.4 1.27 1.25 1.53 1.75
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Fig. 5.12. Integral Fluxes in Flux Trap (r = 5 cm) at Hori-
zontal Midplane with Reactor Operating at 100 Mw,

Calculated axial thermal-flux shapes in the flux-trap
region are shown in Figs. 5.16 and 5.17 for two critical
experiment conditions: a clean core with the simulated
300-g plutonium target, and the fully poisoned core
(rods out) with no target. Nonthermal axial distribu-
tions for the clean core condition are shown in Fig.
5.18.

Several experiments were performed for the purpose
of measuring the fluxes in the flux trap. During some of
the early critical experiments, 23°U and gold foils were
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Table 5.2. Horizontat Midplane Flux of
Neutrons Having FEnesgies Between 0.414 and 101
ev at 100 Mw in the HFIR Flux Trap with Standard
300-g Plutonium Target Installed

Neutron Fluxes as a Function of Time
Radial Distance from in Fuel Cycle (neutrons/cm?2 -sec)
Reactor Longitudinal -

p 0 1 11 21

Center Line (cim) Days Day Daye Days
x10'%  x10'*  x10'*  x10'

0 5.61 546 5.55 5.40
1 5.63 5.48 5.57 542
2 5.69 5.54 5.63 5.49
3 5.79 5.64 5.74 5.60
4 5.94 5.79 5.90 5.77
s 6.16 6.01 6.14 6.02
5.7 6.32 6.17 6.32 6.23
6.4 6.30 6.17 6.35 6.30

irradiated in the flux trap without a target. Agreement
between calculated and measured values was good, but
those values have not been recalculated with the most
recent methods. Measuerements were made more
recently in the HFIR facility, in which case the ability
to go to elevated power improved the experimental
accuracy. In one particular experiment?S the flux trap
contained a target consisting of 30 rods and the nuclear
equivalent of 240 g of 22Pu. Cobalt flux wires were
inserted and removed by means of the hydraulic rabbit,



NUMBERS IN SYMMETRICAL SEGMENT INDICATE
THERMAL —-FLUX PERTURBATIONS CAUSED BY
ADDITION OF 51X MATERIALS ~IRRADIATION RODS

ALUMINUM SHROUD TUBE

TYPICAL FILLED 0.620ID ~0.700 0D

TEST POSITION
ITOTAL OF 8) EXPERIMENTAL ROD -

0.500 00~~~
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Fig. 5.14. Ratio of Thermal Flux in Plutonium Target with Six Materials-Testing Rods to That in the Standard Plutonium Target.

Table 5.3. Horizontal Midplane Flux of
Neutrons Having Energics Between 101 ev and
0.183 Mev at 100 Mw in the HFIR Flux Trap
with Standard 300-g Plutonium Taxgel
Installed

Tabie 5.4. Horizontal Midplane Flux of
Neutrons Having Energies Between 0.183 and
0.821 Mev at 100 Mw in the HFIR Flux Trap

with Standard 300-g Plutonium Target

Neutron Fluxes as a Function of Time

Radial Distance from in Fuel Cycle (neutrons/cm? “sec)

Instalied

Radial Distance from

Reactor Longitudinal

Initial Neutron Flux

: S 1 11 2 Reactor Longitudinal . P S
Center Line (cm) Days Day Days Days Center Line (cm) (neutrons/cm” sec)

x10'%  xo'  x10'*  xi0'? %10

0 9.08 8.81 8.95 8.64 0 410

1 9.13 8.87 9.00 8.70 1 4.14

2 9.31 9.02 9.16 8.85 2 4.23

3 9.56 9.27 9.43 9.10 3 4.25

4 9.93 9.64 9.77 9.47 4 4.43

5 10.3 10.1 10.2 9.89 5 4.68

5.7 10.8 10.5 10.7 104 5.7 5.40

6.4 11.4 1.1 113 11.0 6.4 5.94
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Fig. 5.16. Thermal-Fiux Axial Profile in Flux Trap with 300-g Plutosium Taxget and Clean Core Condition, HFIRCE-4.
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‘Table 5.5. Horizontal Midplane Fiux of
Neuirons Having Energies Greater than 0.821
Mev at 100 Mw in the HFIR Flux Trap
with Standard 300-g Plutonium Target
Installed

Radial Distance from Initial Neutron Elux

R(?;;?;Lfi]:ilt(zii;]d] (neutrons/ em?+sec)

x10'*
0 7.05
1 7.11
2 7.30
3 7.62
4 8.08
5 8.69
5.7 9.38
6.4 10.30

which is on the core vertical center line. The peak
thermal flux at 100 Mw was determined to be 3.5 X
10'5 neutrons cm?-sec £10%; the corresponding cal-
culated value was 3.1 X 10! % neutrons/cm? sec.
Several other measurements were made to obtain
axial profiles, in which case both thermal and some
higher energy fluxes were determined. Comparisons
between calculated and measured axial flux shapes are

shown in Figs. 5.19 through 5.22.
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5.2 Beryllium-Reflector Region

Thermal fluxes in the beryllium reflector have about
the same intrinsic sensitivity to core variations as do the
flux-trap thermal fluxes. However, there is an additional
and relatively large effect that results from movement
of the control rods. The calculated effect for typical
HYIR conditions is shown in Fig. 5.1 and also in Tables
5.6 through 5.10, which list thermal and nonthermal
fluxes at the centers of the vertical experimental
facilities (VXF) at different times in a fuel cycle.
Calculated axial flux plots are shown in Figs. 5.23
through 5.29, and horizontal midplane (:IMP) integral
nonthermal fluxes are shown in Fig. 5.30. These latter
fluxes correspond to typical HFIR operating condi-
tions, while the data in Figs. 5.23 through 5.29
correspond to HFIRCE<4 conditions, with the excep-
tions that full-power temperatures and densities were
used. The beginning-of-cycle core included a typical
flux-trap target, and the end-of-cycle core had scluble
poison in the fuel region and no target in the flux trap.
Actually, reasonable variations in flux-trap content and
fuel-region soluble-poison content have little effect on
reflector fluxes.

The exact locations of the experimental facilities are
shown in Figs. 3.1 and 3.2, and pertinent dimensions
and other related information are given in Table 5.11.
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Fig. 5.26. Nonthermal-Flux Axial Profiles in Control Rod Access Plug Experiment Facilities (r = 32.3 cm) at 100 Mw.

ORNL—-DWG 70--14929

(x 10" | !
10 - /’/ - ! ~JOtev TO 0483 Mev
09 |—~- //
. / y, ]

N
N

LUX \neufmrws;/cm2 sec)
o
o
|

~

|
>0.483 Mev
03 P G S U S S —

a2

NS
\
n
|

Il

//

2
<

—24 —20 -6 —12 -8 -4 o] 4 8 12 1€ 20 24
DISTANCE FROM HORIZONTAL MIDPLANE (cm)

Fig. 5.27. Nonthermal-Flux Axial Profiles in Inner Small Vertical Experiment Facilities (r = 39.2 cm) at 100 Mw.



ORNL —DWG ¥0—144230

S ’

13
(x107) : v
Ry 101 v TO 0483 Mev
4.0 // Y\

Ve %

%50 e
o 4 \

5 /

% 2.5 y : \

§ / 0,414 TO 1M ev \
. \
z 20 Y .

% // \

% 1.5

/ >O‘483‘h:”\ :

0T T R ISTUROUIR JSUNSHSNE NS N—— :

i
=24 =20 16 42 -8 -4 O 4 3 12 16 20 24
DISTANCE FROM HORIZONTAL MIDPLANE (cm)

Fig. 5.28. Nonthermal-Flux Axial Profiles in Outer Small Vertical Experiment Facilities (r = 44.1 cm) at 100 Mw.

ORNL-~ DWG 70 -- 14331

(x10'%

35

3.0

) / i \ L0414 TO 0 2y
5
. 101 ev TO 0183 Mev)\?\\
| ™

N

>01483 Mev N

e /” \\
L~ ~

NEUTRON FLUX {neutrons/cm®- sec}

\

24  -~20 ~16 42 =8 -4 o 4 3 12 16 20 a9
DISTANCE FROM HORIZONTAL MIDPLANE (cm)

Fig. 5.29. Nonthermal-Fiux Axial Profiles in Large Vertical Experiment Facilities (v = 46.3 cm) at 100 Mw.



Table 5.6. Time-Dependent Horizontal Midplane Thermal-Neutron Fluxes at 100 Mw at the
Center Line of the Vertical Experimiental Facilities (VXF) in the Bevyllium Reflector

34

Radial Distance
Between Reactor

Neutron Fiuxes as a Function of Time

in Fuel Cycle (neutmns/cm2'sec)

Facility Center Line and 0 1 i1 21

Facility Center Line (cm) Days Day Days Days

x10'° x10'° x10'% x10'%
Large and small removable-beryllium facilities 27.3 1.22 1.42 1.51 1.74
Control-rod access-plug facilities 323 1.15 1.28 1.33 1.47
Inner small VXF 39.2 0.79 0.87 0.89 0.97
Outer smail VXF 44.1 0.55 0.60 0.62 0.66
Large VXF 46.3 0.47 0.51 0.52 0.56

Table 5.7. Time-Dependent Horizonial Midplane Flux of Neutrons Having Energies
Between 0.414 and 101 ev at 100 Mw at the Center Lines of the Vertical Experimental

Facilities (VXF) in the Beryllium Reflector

Radial Distance
Between Reactor

Neutron Fluxes as a Function of Time

in Fuel Cycle (neutro ns/cm2 ‘sec)

Facility Center Line and 0 1 11 21

Facility Center Line (cm) Days Day Days Days

x10'* x10'* x10'* x10'*
Large and small removable-beryllium facilities 273 3.96 4.01 4.03 4.14
Control-rod access-plug facilities 32.3 2.38 2.46 2.44 2.48
Inner small VXF 39.2 1.02 1.04 1.03 1.05
Outer small VXF 44.1 0.47 0.48 0.48 0.48
Large VXF 46.3 0.33 0.34 0.34 0.34

Table 5.8. Time-Dependent Horizontal Midplane Flux of Neutrons Having Energies

Between 101 ev and 0.183 Mev at 100 Mw at the Center Lines of the Vertical
Experimental Facilities (VXF) in the Beryllinm Reflector

Radial Distance
Between Reactor

Neutron Fluxes as a Function of Time

in Fuel Cycle (neutmns/cm2 ‘sec)

Facility Center Line and 0 1 11 21

Facility Center Line {(cm) Days Day Days Days

x10'* x10'* x10'4 x10'*
Large and small removable-beryllium facilities 27.3 6.34 6.59 6.53 6.62
Contiol-rod access-plug facilities 32.3 3.23 3.32 3.28 3.34
Inner small VXF 39.2 1.12 1.15 1.14 1.16
Outer small VXF 44.1 0.45 0.47 0.46 0.47
Large VXF 46.3 0.31 0.32 0.31 0.32
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Table 5.9. Horizontal Midptane Flux for Neutrons Having Energies Between
0.183 and 0.821 Mev at 100 Mw at the Center Lines of the Vertical Experimental
Facilities (VXF) in the Beryltium Reflector

Radial Distance
Facility Between Reactor Center Line and
Facility Center Line (cm})

Initial Neutron Flux
(neutrons/cm>*sec)

x 104
Latge and small removable-beryllium facilities 273 2.16
Controlrod access-plug facilities 323 0.801
Inner small VXF . 39.2 0.227
Quter small VXF 44.1 0.0858
Large VXF 46.3 0.0578

Table 5.10. Horizontal Midplane Flux for Neutrons Having Energies Between
0.821 and 10 Mev at 100 Mw at the Center Lines of the Vertical Experimental
Facilities (VXF) in the Beryllium Reflector

Radial Distance
Facility Between Reactor Center Line and
Facility Center Line (cm)

Initial Neutron Flux
( neufmns/cm2 secy

x 0%
Large and small removable-beryilium facilities 27.3 2.82
Controlrod access-plug facilities 323 1.01
Inner small VXF 39.2 (.280
Outer small VXF 44.1 0.105
Lasge VXF 46.3 0.0704

Table 5.11. Location of Vertical Experiment Facilities (VXF) in HFIR
Beryllium Reflector

Radial Distance

otal Num'
Total Number Between Reactor

Facility Designations

Facility (see Fig. 3.1) ;)ft f}aﬁ 1!11‘tles Center Line and
s 1ype Facility Center Line (cm)
Large removable-beryllium facilities RB-1,-3, -5,-7 4 27.3
Small removable-beryliium facilities RB-2, 4, -6, -8 4 27.3
Control-rod access-plug facilities CR-1 through -8 8 323
Inner small VXF VXE-1,-3,-5,-7, 11 39.2
-9,-11,-13,-15,
-18,-20,-22
Outer small VXF ' VXF-2, -4, -8, 5 441
-10,-12
Large VXF VXF-6,-14, -16, 6 46.3

-17,-19,-21
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Fig. 5.30. Integral Fluxes in Beryllium Experimental Facili-
ties in Horizonts! Midplane at 100 Mw,

The accuracy of calculated flux values in the beryl-
lium reflector is not expected to be so good as that in
the flux trap, particularly when the facilities contain
experiments. Some experimental data from early
critical experiments indicated that with the control rods
out the agreement between experimental and calculated
fluxes at the outer berylliuni-water interface was good
(+10%). However, based on comparisons of calculated
and measured power densities next to the control
regions, it is expected that with the rods partially
inserted the calculated fluxes in the reflector close to
the control region would be less accurate. At the
present time there are not enough good measurements
with which to make a meaningful comparison of
absolute values.

The variation in reflector peak thermal flux shown in
Fig. 5.1 is probably greater than actually exists. The
reason for this is that the one-dimensional calculation
does not account for the window peaking effect® when
the control rods are partially withdrawn, such as at the
beginning of a cycle. This effect tends to boost the

*As indicated in Fig. 1.1, withdrawal of the control rods
creates a neutron window in the control region at the horizontal
midplane.

thermal-flux peak at the horizontal midplane at the
beginning of the cycle. (This is important from the
standpoint of achieving nearly constant currents in the
horizontal beam tubes.) To check on this, axial trav-
erses of reflector thermal fluxes were obtained with a
self-powered rhodium detector in one of the VXF
facilities (see Fig. 3.1). The results of these experiments
are shown in Fig. 5.31. As indicated the maximum
change in horizontal midplane thermal flux was only
about 5%. In this particular case the first traverse was
made just after achieving equilihrium xenon; therefore
the complete change was not recorded. However, a
comparison with the one-dimensional calculation of
flux versus time (see Table 5.6) indicates the actual
change to be much less than that calculated.

5.3 Beamr-Hole Fiuxes

During the early operational phases of the HFIR,
preliminary exploratory neutron-flux and neutron and
gamma-ray spectra raeasurements were made in beam
holes HB-2 (radial beam tube) and HB-3 (tangential
beam tube). The results have been reported in detail by
Biosser and Thomas? and are briefly summarized here.

Figure 5.32 shows the orientation of the beam tubes
with respect to the reactor core at the horizontal
midplane. The shutter and collimator arrangement used
in the experiments is shown in Fig. 5.33. The col-
limators were designed so that they would fit either
beam tube, which allowed a given collimator-shutter
opening arrangement to be used as the experiment
required. For the high-intensity beam, which was used
in measuring the emergent neutron fluxes, the shutter
opening was 3.5 in. in diameter; the length of the beam
tube from the shutter to the detector position was 6 ft,
and an air gap of 6 in. existed between the shutter and
the leading edge of the beain.

Resulis of the thermalflux measurements are sum-
marized in Table 5.12. The experimenters estimated the
total accumulated error for both the thermal- and
nonthermal-flux measurements to be approximately
+14%. The results of the epithermal flux measurements:
are given in Table 5.13 in terms of flux per unit
lethargy per unit power and flux per unit energy per
unit power versus energy in the epithermal region.

The results of fast-flux measurements made with
325, 24Mg, and 27 Al detectors are summarized in
Table 5.14.

The above measurements were made at a specific time
in a fuel cycle (about midway) and thus do not reflect
the variation of beam current with time. A time-
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Table 5.12. Thermal Flux Per Unit Power and
Cadmium Ratios of the Varicus Detectors Used in
Beam Tubes HB-2 and HB-3

Thermal Flux

peam Foil Cross Section Per Unit Power Cadmium
Tube Used (b) 2 Ratio
(neutrons/cm® “sec)
x 107
HB-2 197 Ay 96.0 7.633 3.0846
$3Cu 4.3 7.779 2273.7
LR 155.0 7.765 2.983
%o 37.0 7.487 18.63
2%Na 0.536 7.6 31.87
HB-3 197 Ay 96.0 6.9122 3.0502
83cy 4.3 6.890 3119.0
LRE T 155.0 6.489 3.025
59Co 37.0 6.987 19.98
2%Na 0.536 6.938 41.59

8Average of two measurements.

Table 5.13. Flux Per Unit Lethaigy Per
Unit Power and Flux Per Unit Encigy Per
Unit Power Emerging from HB-2 and
HB-3 as a Function of Eneirgy in

the Epithermal Region

E ¢(E)/P, Flux
Per Unit Lethargy

¢(E)/P, Flux
Per Unit Energy

E?:ny Detector Per Unit Power Per Unit Power
(neutrons/cm? In E-Mw) (neutrons/cm?-ln E“Mw)
HB-2 HB-3 HB-2 HB-3
1.46 1Sty 2534 x10° 2072x 10° 1.735x 10° 1.42x 10°
4.9 19740 2485 x 10° 2.258x 10®  5.07x 10°  4.61 x 10°
132 5%co 2583x10%° 2256x 10°  1.92x10* 1.67x 10%
2850 23Na 2949 x 10°  2.049x 10°  1.04 x 10°  7.19 x 10?
Table 5.14. Emergent Integral Flux Above Energy
E Per Unit Power for HB-2 and IIB-3
L E) dE
P Etn ¢(2) Ratio of
Threshold . t 12 ~sec-Mw atio o
Energy (Mev) Reaction (neutrons/em ™ sec'M) HB-2 to HB-3 Fluxes
HB-2 HB-3
2.9 325(n,p)* %P 3.72 x 10° 7.93 % 10° 4.70
6.3 2%Mg(n,p)?¥Na 1.25 x 108 1.23 x 10° 10.22
8.1 27 Al(n )2 *Na 2.04 x 10° 2.62 x 10% 7.66
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dependent measurement was later made at HB-1 for
average neutron energies of 0.07 and 0.14 ev. The re-
sults are shown in Fig. 5.34. As indicated the flux in-
creases about 7% during the first day, while the rods
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are being withdrawn to compensate for xenon. For sev-
eral days thereafter the flux is nearly constant and then
steadily rises to a total increase of approximately 20%
by the end of the cycle.
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6. REACTIVITY CONTROL

An effort was made during the design of the HFIR to
discover all the significant reactivity perturbations so
that a large, arbitrary control margin would not be
required. This was an important feature because,
generally speaking, the greater the control requirement
the lower the reactor performance in terms of available
thermal-neutron  fluxes. (The maximum-to-average
power-density ratio increases with increasing control
and thus requires a reduction in average power density.)
An analysis of both transient and steady-state reactivity
control requirements is presented in a separate
report.!® However, more recent data on reactivity
accountability make it desirable to include a discussion
on steady-stale requirements here.

6.1 Reactivity Accountability

A summary of reactivity accountability for a core
loading built to the second production core specifica-
tions* is given in Table 6.1. The target referred to in
Table 6.1 is the target that was used in the HFIR
critical experiments. It contains 8.35 g 35U, 1279 ¢
2381, and 107.6 g Ag; the metalto-water ratio (by
volume) is 0.75 over the active length of the target.
Based on a recent set of heavy-clement cross sections,
this target corresponds to an initial **2Pu loading of
300 to 480 g, with the largest value being the most
probable, and the smaller value being the most con-
servative insofar as positive reactivity and heat removal
are concerned. At about 0.4 year of irradiation,} the
plutonium target will have its maximum concentration
of 2*5Cm and thus its maximum positive reactivity
effect on the core. If the inijtial target loading contains
3 g **%Pu and 3 g **'Pu in addition to the **?Pu
(anticipated feed material compuosition for 300-g plu-

*These specilicdtions are consistenf with the fuel element
design presently being used.
T Based on early calculations and cross-section sets.
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tonium loading), the reactivity effect of the clean target
will be the same as that of the above 0.4-year target.

Another time-dependent variable that will affect
reactivity and which was investigated is the concentra-
tion of the high-cross-section nuclides ®Li and ?He in
the beryllium reflector. The reaction paths for the
production of these poisons are

°Be + n(>>1 Mev) -+ *He + *He

0.8 sec
e

°H > OLi+ 87

SLi + n(thermal) > *He + 3H

123y

SH——2> 3 He + 3~

Early in the HFIR program, Claiborne,®” using pre-
liminary HFIR design data, calculated a decrease in
reactivity, attribuied to ®Li and *He, of 1.3% Ak/k in
0.2 yrand 1.7% Ak/k in five yvears, both of which apply
to end-of-fuel-cycle conditions. However, recent cal-
culations have shown the reactivity effect to be more
like 0.4% Ak/k, and about 80% of this was achieved
within the first fuel cycle. The calculations also showed
that for clean core conditions the worth of equilibrium
6Li was only 0.2% Ak/k, with the reduced worth being
a result of the reduced contribution of the beryllinm
reflector with the rods partially inserted. This amount
of reactivity is about equal to the normal variation in
fuel loading and target worth, and thus it is difficult to
differentiate between them al the time when new fuel
elements are loaded. Operation of the reactor for about
20 fuel cycles has given no clear indication of a change
in reactivity due to buildup of ®Li in the beryllium.
However, no concentrated effort has been made to
accurately separate the various reactivities. Based on
what has beén done to date, it appears that the
poisoning effect is small enough not to warrant chang-
ing the removable beryllium for this reason alone. Of
course, if the poison nearly saturates within a single fuel
cycle, there would be no advantage in changing the
beryllium. '
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Table 6.1. Summary of Reactivity Accountability
for the Second Production Core

Reactivity (Ak) as a Function
of Time in Cycle

Parameter
0 Days 2 Days 14 Days

Fuel worth with following core conditions: 0.1352

No boron burnable poison; no target;

no beryllium poisoning; zero power at
70°F

Boron burnable poison -0.050* -0.037 -0.009
Ternperature deficit (evaluated with the —0.004

HFIRCE-3 target® zero power at 70°F to

100 Mw)
Simulated plutonium tatget, based on

HFIRCE-3 target?

Maximum (time zero and again at 0.4 year) +0.0072

Minimum (0.1 year) —0.002
135%e + 14%gm (at power) 0 -0.049 —0.053
All fission products 0 -0.053 -0.086
Beryllium poison (6Li + 3He)

Time zero 02

23 days —0.003

1 year —0.004
Beam-tube flooding ~0
Fuel-loading tolerance (+1%) +0.0015
Boron-loading tolerance (=10%) +0.0038
Fuel-distribution tolerance (+10%) +0.0054
Boron-distribution tolerance (x35%) +0.0023
Metal-to-water ratio tolerance (+0.001 in.)¢ +0.005
Minirmnum keff — 1 (clean core, 100 Mw)d 0.057
Typical nominal keff — 1 (clean core, 70°F) 0.092
Maximum k¢ - 1 (clean core, 70°F) 0.110

3These reactivities used for typical nominal case.

bSee text for description of tairget.
CTolerance on fuel-plate thickness.
dOn&;~year-old beryllium reflector.

6.2 Shutdown Margin

The term “‘shutdown margin” refers here to the
amount of reactivity that exists for a specified core
condition, regardiess of whether the particular condi-
tion is considered normal or otherwise. Thus for all
credible core conditions the shutdown margin must be
negative. In the design and analysis of the HFIR, the
worst (most reactive) credible core conditions were
specified. Therefore the absolute value of the shutdown
margin is not important insofar as steady-state re-
activity control is concerned; the margin must simply
be less than zero. This approach is in a sense different
than that used in the design of several other reactors,
including the ORR, for which a somewhat arbitrary
shutdown margin was specified on the basis of the

normal clean core condition.® Such an approach has
been satisfactory for many relatively low-performance
reactors that have several dollars in reactivity associated
with the worth of the fuel. However, this simplified
system for arriving at desired control-rod worth can
break down for two extreme conditions: (1) when the
worth of the fuel is very small, and (2) when excessive
shutdown margin is obtained at the expense of a
reduced fuel-cycle time or reduced reactor performance

*In its practical application the specification amounts to a
requitement that the rods be at least one-half withdrawn when
criticality is achieved. In its literal sense the specification
amounts to a requirement that the rods be worth twice the
worth of the fuel for normal clean core conditions.



(increases in maximum-to-average power density, per-
turbation of experimental fluxes, etc.) or both. The
HFIR falls into the latter category.

The HFIR control region was located outside the fuel
region in order to have the least effect on the flux in
the target region and on the fuel-region power distribu-
tion. Since the worth of the HFIR rods is largely
dependent on reflected neutrons, it has definite limita-
tions; in fact, the worth of the rods must be sup-
plemented by a burnable poison. The limitations on the
burnable-poison (*°B) content are associated with
power distribution, core lifetime, flux-trap neutron
flux, and radiation damage. From an operating
economy point of view the fuel-cycle time should be as
long as possible; however, there are metallurgical
limitations on the amount of fuel that can be included
in the fuel plates. Thus the conclusion is that the
shutdown margin must be minimized in order to
achieve the desired high thermal flux in the flux trap
and also an economically feasible fuel-cycle time . *

In order to minimize the shutdown margin it was
necessary to consider all credible reactivity variations.
These included tolerances on fuel and burnable-poison
loading and disiribution, reactivity variations associated
with experiments (primarily the plutonium target in the
flux trap), the beryllium reflector, unusual controi-rod
positions (run-away rods and rod testing), and reactivity
variations associated with moderator density changes
{primarily flux-trap voids). Burnup of the black region

of the rods falls into a somewhat different category

because considerable burnup can be tolerated before a
significant change in worth is observed; the same
reasoning also applies to control-rod poisondoading
tolerances. Thus;, no allowance has been made for
variations in the worth of the rods, which are calibrated
periodically to insure adequate worth.

Another point - to be considered is that the HFIR
containg only two fuel elements, and there are no
provisions for inserting more than this. Furthermore,
these two elements are subjected to a reactivity check
under safe conditions to assure that the reactivity is

*The above discussion is not intended to imply that the
present core design (9.4 kg 235U, 2.8 g 198) represents the
ultimate that can be achieved in terms of core life consistent
with desired performance; it simply represents the best that
could be achieved with the existing technology and a reasonable
schedule. A longer life fuel loading is presently being designed.
A combination of two burnable poisons (boron and cadmium)
is being considered: for use in such a way that performance will
not be sacrificed.
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within the specified tolerances. Thus, it is not necessary
to provide sufficient controlrod worth to accom-
modate unexpected fuel and poison loadings outside
the allowable variations cited in Table 6.1.

6.2.1 Combinations of Reactivity Variations Con-
sidered Credible. In all cases the most reactive com-
binations of fuel and burnable-poison loading and
distributions within specified manufacturing tolerances
were considered; the plutonium farget was assumed to
be in its most reactive state; and the beryllium was
considered to be clean. However, it was assumed that
the simultaneous occurrence of two “accidental” re-
activity additions was incredible. The accidental re-
activity additions considered are listed below:

1. optimum void in the flux trap without a target — worth
about 0.032 Ak/k;

2. optimum void in the flux trap with the target — worth about
0.015 ak/k;

3. runaway conirol rods -

a. one shimesafety rod fully withdrawn; the other three
safety rods scrammed; shim-regulating rod motion
stopped; .

b. Shim-regulating rod rully withdrawn; all four safety rods
scrammed.

Another postulate is that in the event of a scram only
one of the five rods (or its equivalent in terms of
reactivity) will fail to insert, in which case the termina-
tion of the shim-regulating rod motion during a
runaway-rod accident is considered to be a scram or
safety device.

In addition, provisions were made for withdrawing
any one rod completely with all other rods fully
inserted. This facilitates the testing of rod motion prior
to operation.

From the above list of events, four reactor conditions
can be derived for which the reactor must be shut
down. They are listed in Table 6.2.

Case I provides for refueling, at which time the target
must be removed with the fuel elements in place; case I
provides for rod testing; case Il corresponds to a scram
resulting from void insertions; and case 1V corresponds
to the runaway-rod accident.

Another case of interest involves a fully withdrawn
rod, as in cases IT, IIT, and IV, which cannot be inserted
before removing the fuel. In order to remove the fuel it
is first necessary to remove the target, and therefore
this case is similar to case I, except that one rod,
presumably the shim-regulating rod, is fully withdrawn.
If necessary, additional shutdown margin for this fifth
case could be achieved by other poisoning techniques
{(poison strips, soluble poison, etc.), and therefore it has



44

Table 6.2. Cases for Which Core Must Re Suberitica)

Case Control-Rod Positions Flux-Trap Condition

1 All rods fully inserted Optimum void; no target

11 Four rods inserted; one rod Optimum void; with target
fully withdrawn

[1I I'hree-out-of-four rods scrammed from Optimum void; with taiget
symmetrical, critical condition

v Three-out-of-four rods scrammed; one No void; with target

shim-safety fully withdrawn

Table 6.3. Shutdown Masgins for Varicus Cores
and Conditions

Shutdown Masgin (--Ak/k)

Case Critical HFIRCE-3 First Production Second Production
Experiment Core Core (3.6 g 10}3) Core (2.8 g lOB)
HFIRCE-3 in HFIR in HFIR in HFIR
I 0.0513 0.0513 0.0538 0.0408
II 0.0363 0.0226 0.0251 0.0121
51 0.0235 0.0167 0.0192 0.0062
v 0.0167 0.0099 0.0124 —-0.0006
\" 0.0260 0.0123 0.0148 0.0018

not been listed as a required case in Table 6.2. However,
shutdown margins for this case without “additional”
poisons have been listed in Table 6.3 (case V).

6.2.2 Determination of Shutdown Masrgin. Control-
rod worths and shutdown margins for the HFIR were
initially extrapolated for design purposes from a series
of critical experiments (HFIRCE-2 and -3) performed at
a critical facility. In the most recent of these experi-
ments the control rods were identical with those
proposed for the reactor, and the only difference in the
fuel element was in the burnable-poison loading, which
was slightly less in the HFIRCE-3 core than finally
specified for the production cores. In these experiments
pulsed-neutron techniques were used for measuring the
shutdown nurgins for the four cases specified in Table
6.2.

When the HFIR facility became available, the shut-
down margin for case IV was checked with the
HFIRCE-3 core and the HFIRCE-3 Eu,05-Ta-Al con-
trol rods. In these experiments negative reactivities were
determined with a Rhoette.®

*Analog computer for calculating reactivity from flux versus
time input.

When applying the above data it was assumed that the
HFIRCE-3 core was in the least reactive state consistent
with permissible tolerances and with the few inspec-
tions that could be made during fabrication. For
purposes of extrapolating to an actual production core,
it was assnmed that the latter core would at some time
be in its most reactive condition, consistent with
permissible tolerances. After determining the re-
activities associated with the core tolerances and meas-
uring the shutdown margins for the HFIRCE-3 core
with the Eu,0;-Ta-Al control rods, it was possible to
determine the necessary final burnable-poison loading
for the production cores.

Once a production core was available it was possible
to measure the shutdown margin for case IV. However,
it is never entirely clear what actual concentrations,
distributions, etc., exist in a particular core. Thus it is
not possible to make a general check on the adequacy
of the nominal specifications. It is possible, however, to
check each individual core when installed in the reactor
if variable reactivities associated with experiments are
either understood or small.

A useful precaution to prevent installation of ab-
normally reactive cores is to compare the reactivity of



each new core against a standard. If the standard were
the HFIRCE-3 core, in principle the only remaining
unknown would be the reactivity status of experiment
fixtures and materials, control rods, and reflector. At
the present time each new core loading is being checked
indirectly against the HFIRCE-3 core in a special
critical facility.

Based on the shutdown measurements made in the
critical experiments and in the HFIR facility with the
HFIRCE-3 core and with the HFIRCE-3 Eu,0;-Ta-Al
.control rods, the shutdown margins for the four
specified cases (plus one additional case) under the
maximum reactivity conditions (as defined in Table 6.2
and the preceding paragraphs) were estimated to be as
shown in Table 6.3. The “first production core”
referred to in this table contained 3.6 ¢ '°B burnable
poison and the ‘second production core” and sub-
sequent cores contained 2.8 g '°B. Further details of
the actual experiments are discussed in Appendix A.

6.3 Differential Rod Worth

Differential rod worths were determined experi-
mentally for the ganged safety rods and the shim-
regulating rod using the rod bump technique. Two
different core conditions were considered: (1) criti-
cality maintained with the rods and (2) criticality
maintained with soluble poison in the moderator and
the rods maintained symmetrical. Curves of differential
worth versus rod position are shown in Figs. 6.1 and
6.2.

In Fig. 6.2 the abrupt change in differential worth is a
result of the gray sections of the rods overlapping. The
horon concentration shown in Fig. 6.2 is for boron in
the moderator that is contained only in the two fuel
annuli and the annular gap between the two annuli.

The significance of these differential rod worths in
connection with transients is discussed in Ref. 15.

6.4 Transmutation of Control-Rod Poisons

The poison content of the Eu, O, section of the
conirol rods was designed to provide essentially un-
changed shutdown margin (with rods fully inserted) for
at least six months of full-power operation. The rods
are not actually black to neutrons because many of the
neutrons reflected by the beryllium reflector return
with epithermal and higher energies. Europium and
some of its daughter products have reasonably good
resonance cross sections that contribute significantly to
the worth of the rods. However, these cross sections
and the available volume are not large enough to
provide significant self-shielding in the epithermal
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range. On the other hand, since only the tip of the
Eu, O3 region sees the very high flux, and since the tips
of the shim-regulating rod and the shim-safety rods,
when inserted, are overlapped by relatively unbuined
portions of the black regions, it was expected that the
change in worth in six months would be very small.
Furthermore, a late change in design provided an
additional 2 in. of safeiy-rod travel and black-region
length that allowed the safety-rod black tips to be
pushed out the end of the core. Thus it was expected
that from the standpoint of shutdown margin the rods
would last significantly in excess of six months.

In the gray region the situation is somewhat different,
although the expected life was about the same as that
for the black region. Tantalum tends to burn out
steadily, but only after the daughter product, *®2Ta,
which has an 8000-b cross section and a 115-d halfdife,
saturates. The effect of the '®2Ta is to increase the
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total cross section of the gray region by a factor of
about 2 once equilibrium has been reached. At full-
power fluxes the peak value of the macroscopic cross
section is reached in a few days.

Burnout of the tantalum tends to rednce the shut-
down margin for cases in which the gray region plugs an
opening in the rods, such as when a safety rod fails to
scram. Since it is assuimed that only one rod will fail to
scram, the effect of gray-region burnup on shutdown
margin will be smail. It is possible to check on the
extent of the effect by periodically checking the
shutdown margin for case III.

The life of the gray region, in terms of neutron-
absorption requirements, will probably be determined
by the gray-region effect on minimum differential rod
worth rather than on shutdown margin. The minimum
permissible differential worth is associated with
transient behavior and is discussed in Ref 15.
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7. POWER DISTRIBUTIONS

The HFIR core had to be designed for a very high

average power density to achieve the desired high

neutron fluxes. Since the average power density is
lirmited by burnout at the hot spot, it was beneficial to:
reduce the maximum-to-average power density ratio
(qmax/qavg) as much as possible. Several design
features were included specifically for this purpose:
cylindrical geometry, bidirectional i reflector control,
flux suppressors at the ends of the core, restrictions on:
proximity of reflector experiments to fuel region,
inclusion of a water channel between the two annular
fuel elements, and nonuniform radial distribution of
fuel and burnable poison. The resultant nominal value
of (G x/davg) is about 1.5, and it stays nearly
constant all through a normal fuel cycle. Basic details
associated with these features are discussed in Ref. 5.
and are reviewed brefly here in light of the final design.

The current general radial shapes of the fuel and
burnable-poison distributions are shown in Fig. 7.1, and
the method by which the distributions are actually
achieved is indicated in Fig. 7.2. Since the filler and fuel
sections are separate, it is physically possible to achieve
a wide range of burnable-poison distributions for a
given fuel distribution and still maintain the overall

INNER ELEMENT PLATE
0.030 ;

rectangular shape of the composite fuel-plate core.
However, by concentrating the burnable poison in the
high-thermal-flux regions the flux was flattened some-
what, thus reducing the necessary fuel gradient. Of
course a strong absorber close to the flux trap reduces
the thermal flux in the flux trap, but there is a practical
limit to the fuel gradient that can be achieved phys-
ically. The steeper the gradient the thinner the thin
edge of the fuel core relative to fuel-particle size, and
thus the greater the variation in local fuel density in the
thin edge of the fuel core. This increases (qp,, /dayy)-*

The appropriate tuel and burnable-poison distribu-
tions were determined by an iterative process in which
the fuel concentration in each radial fuel region was
adjusted to produce a prescribed radial power distribu-
tion by using the flux distribution from the previous
iteration. Since the flux shapes were not very sensitive
to fuel distribution, only a few iterations were required.

Having achieved the prescribed fuel distribution as
described above, a fuel-cycle calculation was made to
obtain power ‘distribution as a function of burnup.

*This latter difficulty could be reduced by decreasing the siéc
of the fuel particles, but then fission gas retention would be
reduced.
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From this step a new prescribed initial power distribu-
tion c¢ould be obtained. By repeating this process,
(Amax/dave) was minimized.

Most of these power-distribution calculations were
one-dimensional, but a few two-dimensional calcula-
tions were made for specific cases to obtain axial values
of (qmu/qavg). Relatively large uncertainties in power
distribution close to the control region were accom-
modated in the disiribution of the fuel.

Eaily critical-experiment results (HFIRCE-2) were
used to check on the general procedure for obtaining
the initial power distribution, and using this procedure,
with a few modifications, the second critical-
experiment core (HFIRCE-3) was designed. This core
had the same fuel loading and the same fuel and
burnable-poison distributions as the present production
cores. The poison loading was eventually changed in
accordance with more recent reactivity control informa-
tion,

The final distributions that were specified for the
HFIR production cores are given in: Figs. A.8 and A9
(App. A). These were also the distributions used in the
HFIRCE-3 fuel elements. The only difference between
the HFIRCE-3 elements, the first production core
elements, and the second production core elements was
in the total loading of burnable poison. The loadings
were 2.12, 3.60, and 2.80 g ' 9B, respectively.

The HFIRCE-3 experiments, which indicated that the
power distributions were satisfactory, were followed by
a set of experiments (HFIRCE4) conducted in the
actual HFIR facility. Power distributions from these
experiments were used to norrmalize the most recent

calculated values for all times in the fuel cycle. This:

information, along with appropriate uncertainties, was
used in a final heat transfer analysis'® to determine the
allowable steady-state power level for the Tuel elements.

Experimentally determined power distributions are
presented in Figs. 7.3 through 7.8 for various concen-
trations of soluble poison in the moderator. Figures 7.9
through 7.14 show comparisons between one-
dimensional calculations and the axially averaged ex-
perimental results.

Figures 7.15 and 7.16 show the effect on power
distribution of opening a white window between the
gray regions of the shim-safety and shim-regulating rod
banks. This effect, which is referred to as “window
peaking,” produces a maximum axial (qmax/qavg) for
an intermediate position of the control rods. With the
rods fully withdrawn, (qmax/%vg)axial is essentially
independent of radial position, having a value of about
1.3. With the rods partially ioserted the window-
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peaking effect increases the axial power density
adjacent to the control region to a maximum of about
1.86. However, during normal steady-state operation it
does not contribute significantly to the limiting hot-
spot condition because the corresponding total power
density is less than 1.5.

The several sets of curves in Figs. 7.9 through 7.14
show that the agreement between the one-dimensionat
calculation and the axially averaged experimental values
was quite good over the extreme range of controlrod
positions, being within about 5%, except near the
control region when the rods were partially inserted.
The generally good agreement was an important feature
of the analytical procedure, since a detailed knowledge
of axial distributions (from experiments) for various
rod positions, coupled with the one-dimensional fuel-
cycle calculations, made it possible, through an ap-
propriate normalization procedure, to obtain two-
dimensional power distributions for various times in the
fuel cycle. This method neglects the axial nonuni-
formity of fuel burnup, but the actual effect on power
peaking was estimated to be quite smalf, and what
effect there is tends to flatten the power distribution.

The effect of a flux-trap target on the power
distribulion can be determined from a comparison of
Figs. 7.9 and 7.14. These results indicate that removal
of the target would increase the peak horizontal
midplane power deusity by about 11%. The particular
target used in this comparison was the simulated 300-g
242py maximum fission farget. Since the total cross
section and the metal-to-water ratio of the target are
about the same for all practical targets, the abowve
differences in power distribution are expected to apply
for all presently proposed targets. If the target composi-
tion were changed radically, it would be necessary to
consider the change in power density in a reevaluation
of core heat removal. :

At the present time an actual HFIR production core
is slightly different than the HFIRCE-3 core in that the
production core has 2.8 g '?B burnable poison, as
compared with 2.12 g '°B for the critical experiment
core. Correcting for this difference and the ditference in
temperatures between critical experiment conditions
and full-power operating conditions reduced the
nominal peak power density measured in the experi-
ments from about 1.68 to 1.56. The complete predicted
power-distribution maps for an HFIR production core
at full power (100 Mw) are shown in Table 7.1.

Power distributions for other than clean core condi-
tions were obtained by adjusting the one-dimensional
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Fig. 7.4. Relative Power Distribution in HFIRCE4 with 0.527 g B/liter in Moderator, No Target, and Rods at 19.4 in.
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Fig. 7.5. Relative Power Distribution in HFIRCE-4 with 0.910 g B/liter in Moderator, No Target, and Rods at 21.295 in.
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Table 7.1. Power Densities in the HFIR Fuel Elements

Reactor power level: 100 Mw
Core life: 2500 Mw-days

Relative Power Density

Distance
from Core Distance from Core Center Line (cm)
Midplane [nner Fuel Element OQuter Fuel Element
(cm) 7.14 8.00 9.00 1000 11.00 1200 12,60 1515 16.00 17.00 18.00 19.00 2000 21.00
Time: 0 days = 0 hr
254 0.678 1.109 1.379 1.515 1470 1.344 1.186 1580 L1512 1.394 1.254 1.119 0.719 0.298
24 0722 0.741  0.738 0771 0.809 0.830 0.837 0.970 0934 0.770 0660 0.542 0442 0.293
22 0.815 0.753 0.738 0.767 0.802 0.830 0.824 0.943 0.860 0.758 0.650 0.533 0.425 0.291
20 0.924 0.848 0.810 0.821 0.850 0.889 0.893 0.961 0.885 0.796 0.691 0578 0.467 .323
18 1.031  0.952 0.904 0917 0939 0980 0988 1.043 0978 0.881 0781 0(.669 0.562 0429
16 1,130  1.043 0990 1.007 1.027 1.067 1.077 1.146 1.075 0977 0878 0769 0.669 0.552
14 1.227  1.126 1.068 1.089 1.107 1.146 1.162 1.239 1165 1.064 0.964 0864 0.775 0.670
12 1312 1.198  L.137 1163 1.179 1.217 L1241 1320 1.247 1.143 1.045 0946 0.875 0.787
10 1.387  1.264 1.200 1.233 1.241 1.280 1316 1.388 1.319 L1.214 1.117 1.027 0.973 0.898
8 1.447  1.322 1.255 1.285 1.294 1.334 1.383 1.448 1.382 1.279 1.180 1.101 1.073 1.019
6 1493  1.372  1.306 1332 1.339 1.380 1.445 1499 1437 1.337 1.239 1.168 1.169 1.127
4 1.520  1.398  1.338 1.369 1.372 1410 1478 1.539 1480 1.382 1.284 1.222 1.246 1.224
2 1.532 1408 1.350 1.386 1.388 1.422 1490 1.558 1.500 1.404 1.306 1.242 1.285 1.308
0 1.533 1403 1349 1.386 1.388 1.420 1.485 1.559 L1.500 1405 1.306 1.242 1.285 1.308
-2 1523 1.393 1335 1.372 1375 1418 1464 1.543 1.483 1.389 1291 1222 1.237 1.225
--4 1494 1.368 1.305 1.342 1.345 1.38¢ 1425 1.510 1.448 1.353 1.255 1.174 1.150 L1117
-6 1.448 1.324 1.256 '1.289 1.295 1.330 1.372 1448 1.387 1.286 1.190 1.101 1.067 (998
-8 1.384  1.264 1.193 1.221° 1,235 1.283 L1312 1379 1.311 1209 1.112 1021 0968 0.882
~10 1,312 1195 1127 L.150 1467 1.212 1.248 1.303 1232 1.129 1.030 0937 03868 0.769
—12 1.235 1120 1.057  1.077 1.097 1.144 1.177 1.222 1.149 1.045 0944 0846 0.767 0.661
—~14 1.148 1039 0982 1.000 1.023 1.069 1.098 1.135 1.060 0957 0.854 0750 0.662 0.555
-16 1.050 0952 0903 0920 0945 0988 1.011 1.044 0969 0865 0760 0.649 0.552 0.438
~18 0.944 0859 0.820 0.839 0864 0.904 0.916 0951 0.876 0.770 0.662 0.544 0.433 0.304
-20 0.819 0.762 0.735 '0.755 0.783 0.816 0.812 0.845 0.783 0.675 0.567 0449 0.321 0.174
-22 0.709  0.668 0.667 0.698 0.735 0.762 0.753 (.741 0.700 0.6i6 0517 0403 0.282 0.138
-24 0.706  0.678 0.680 0.713 0.749 0.760 0.762 0.744 0.695 0.613 0.521 0420 0.296 0.i12
~25.4 0.703  1.028 1.231 1.342 1319 1.216 1.078 1.342 1.294 1.173 1.016 0.848 0451 0.034
Time: 1.014 days = 24.33 hr
254 0.616 1.000 1.230 1.339 1.281 1.163 1.036 1.343 1.293 1.197 1.068 0933 0.587 0.234
24 0.655 0.678 0.685 '0.707 0.708 0.717 0.719 0.854 0.789 0.697 0.600 ©0.494 0.368 0.258
22 0.733  0.688 0.682 0.703 0.714 0.732 0.751 0.850 0.784 0.692 0.597 0494 0414 0.297
20 0.853 0792 0746 0.771 0.797 0.831 0.856 0.895 0828 0737 0.651 0577 0516 0416
18 0956 0904 0861 0.873 0.895 0928 095 1.001 0924 0.835 (.758 0.683 0.621 0.535
16 1.054  1.003 0963 0970 0989 1.022 1.049 1.125 1038 0940 0.862 0.789 0.727 0.650
14 1.147 1093 1.050 1.058 1.074 1.109 1.138 1.224 1.137 1.039 0958 0887 0.836 0.768
12 1.230  1.168 1.122 1.138 1.152 1.188 1.221 1.306 1.222 1.125 1.047 0.980 0.945 0.898
10 1.305  1.233 1181 1.207 1.219 1.258 1.294 1.371 1.295 1.202 1.123  1.068 1.058 1.035
8 1.369  1.285  1.230 1.269 1.279 1.319 1.359 1.425 1354 1.268 1.193 1.149 1.173 1.183
6 1424  1.329  1.271 1.320 1,329 1.371 1418 1.468 1404 1.323 1.252 1.221 1.293 1.360
4 1459 1.362  1.302 1.351 1.361 1400 1465 1.505 1444 1.366 1.302 1.281 1.363 1.482
2 1478 1.380 1.321 1.370 1.372 1411 1490 1.537 1477 1408 1.341 1.315 1.397 1520
0 1.482 1.385 1.326 1.372 1.372 1410 1491 1.548 1492 1418 .347 1.324 1406 1.527
-2 1.469  1.373 1313 1.360 1.358 1.399 1.471 1.538 1480 1403 1.334 1309 1.389 1.501
—4 1443  1.347 1.285 1.333 1.332 1.373 1430 1.510 1445 1.367 1.297 1260 1.332 1.406
-6 1.395  1.302  1.242 1.286 1.292 1.329 1.380 1451 :1.380 1.297 1.221 1.174 1.209 1.22%
-8 1.323  1.246 1190 1.218  1.229  1.268 1.319 1369 1.296 1.208 1.136 1.083 L.085 1.063
-10 1.246  1.180 1.128 1.147 L1160 1.199 1.251 1.281 L.208 1.120 1.048 0988 0967 0.922
12 1.165  1.105 1.058 1.068 1.087 1.125 1.172 1.191 L.116 1.030 0955 0.892 0.851 0.790
14 1.077 1.023 0978 0.987 1.008 1.045 1.085 1.095 1.017 0935 0860 0792 0.737 0.661
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Table 7.1 (continued)

Relative Power Density

Distance
from Core Distance from Core Center Line (cm)
Midplane Inner Fuel Element Outer Fuel Element
(cm) 7.14 8.00 9.00 10.00 11.00 12.00 12.60 15.15 16.00 17.00 18.00 19.00 20.00 21.00
—16 0988 0933 0.892 0.897 0926 0.963 0990 0.999 0921 0.841 0.764 0.6%0 0.625 0.537
—18 0.894 0.837 0.799 0.813 0.841 0.874 0.893 0.906 0.830 0.746 0.667 0.589 0.515 0.416
-20 0.799 0.735 0.701 0.724 0.753 0.785 0.788 0.815 0.742 0.650 0.569 0.485 0.407 0.296
-22 0.700 0.649 0.638 0.655 0.666 0.691 0.681 0,744 0.677 0590 0.49! 0.390 0.303 0.178
-24 0.651 0.642 0.644 0.660 0.653 0.655 0.652 0.736 0.677 0.588 0.491 0.386 0.258 0.087
—~25.4 0.598 0929 1.119 1.205 1.149 1.036 0.915 1.136 1.095 1.001 0.872 0.737 0.378 0.024
Time: 11.57 days = 277.7 hr
25.4 0.504 0947 1.181 1.258 1.211 1.090 0.950 1289 1.281 1.199 1.082 0.950 0.607 0.253
24 0.545 0.669 0.709 0.723 0.718 0.731 0.700 0.802 0.777 0.720 0.652 0.569 0482 0.310
22 0.575 0.669 0.688 0689 0.707 0.705 0.694 0.768 0.743 0.670 0.608 0.540 0459 0.376
20 0.685 0.769 0.751 0.751 0.785 0.785 0.791 0.825 0.806 0.741 0.689 0.631 0.560 0.486
18 0.818 0.872 0.836 0.839 0.860 0.893 0.881 0917 0.892 0.824 0.772 0.722 0.715 0.585
16 0.903 0965 0.928 0.932 0932 0981 0.967 1.007 0.981 0912 0863 0.814 0.880 0.685
14 0.979 1.052 1.016 1.019 1.004 1.063 1.061 1.088 1.069 1.004 0951 09066 0989 0.794
12 1.045 1.130 1.096 1.098 1.078 1.137 1159 1.162 1.155 1.097 1.033 0993 1.079 0.908
10 1.105 1.200 1.169 1.169 1.157 1.203 1.252 1.225 1.234 118 1.112 1.095 1.165 1.035
8 1.155 1.259 1.230 1.232 1.232 1.262 1.329 1.276 1306 1.260 1.189 1.185 1.243 1.176
6 1.191 1306 1.281 1.288 1.293 1.305 1.376 1.325 1.366 1315 1.252 1.251 1.308 1.281
4 1.214  1.339 1.314 1.329 1.331 1.33¢ 1.399 1.366 1412 1.355 1.292 1.291 1.352 1.341
2 1.228 1.359 1.336 1.350 1.346 1.351 1.405 1400 1.438 1379 1316 1313 1370 1.373
0 1.239 1365 1.342 1352 1.346 1.358  1.405 1415 1449 1391 1.325 1.322 1.370 1.386
-2 1.230 1.354 1.329 1.334 1.339 1.345 1.397 1400 1435 1.385 1.314 1310 1364 1372
-4 1.219  1.329 1.299 1.300 1.310 1.315 1.370 1362 1405 1.358 1.287 1.284 1.342 1331
-6 1.197 1.289 1.249 1.256 1.265 1.274 1.326 1312 1.355 1305 1.244 1239 1291 1.259
-8 1.161 1.237 1.198 1.206 1.202 1.223 1.264 1254 1.286 1.235 1.171 1156 1.194 1.141
-10 1.108 1.176 1.140 1.146 1.136 1.170 1.196 1.189 1.204 1.146 1.077 1.045 1.062 0.965
-12 1.032 1106 1.079 1.079 1065 1.110 1.125 1,122 1.113 1.049 0984 0.933 0925 0.812
-14 0.948 1.028 0.999 1.003 099 1.044 1.045 1,044 1.017 0950 0.891 0.834 0.813 0.712
—16 0.863 0943 0911 0918 0928 0.965 0.956 0960 0.921 0.858 0.798 0.743 0.709 0.617
18 0.783 0.851 0.819 0.826 0.848 0.872 0.861 0.864 0.830 0.769 0.710 0.656 0.609 0.527
-20 0.689 0.745 0.736 0.738 0.766 0.760 0.762 0.775 0.748 0681 0.624 0.567 0517 0439
—22 0.569 0.653 0.673 0.676 0.679 0.677 0.659 0.722 0.693 0.614 0.542 0476 0424 0.344
24 0.540 0.661 0.694 0716 0.720 0.684 0.66% 0.742 0.713 0.644 0.578 0489 0369 0.211
254 0.491 0926 1.150 1.221 1.168 1.041 0.899 1.111 1.107 1.032 0920 0.788 0.459 0.125
Time: 22.72 days = 545.3 hr
254 0.379 0.874 1.183 1.276 1.218 1.053 0.874 1.120 1.244 1.226 1.165 1.050 0.709 0.327
24 0403 0594 0.695 0711 0.706 0.671 0.624 0.725 0.740 0.695 0.651 0.601 0.534 0.352
22 0.460 0.599 0.675 0.707 0.705 0.677 0.632 0.722 0.740 0.691 0.646 0.607 0.565 0.431
20 0.547 0.659 0.707 0.749 0.757 0.752 0.714 0.757 0.799 0.767 0.731 0.710 0.705 0.549
18 0.624 0.759 0.790 0.835 0.845 0.836 0.806 0.826 0.895 0870 0.837 0.826 0.821 0.648
16 0.688 0.847 0.833 0.923 0926 0914 0.890 0.901 0984 0.965 0.934 0.925 0923 0.735
14 0.742  0.927 0969 1.006 1.003 0.987 0.966 0970 1.067 1.049 1.018 1.013 1.015 0.813
12 0.788 0.998 1.046 1.081 1.074 1.054 1.034 1.034 1.139 1.123 1.092 1.088 1.094 0.880
10 0.824 1.055 1.115 1150 1.139 1.116 1.091 1.090 1202 1.187 1.150 1.154 1.160 0.936
8 0.857 1.103 1.176 1.209 1.197 1.171 1.139 1,141 1.256 1.242 1.199 1.208 1.214 0.984
6 0.887 1.143 1225 1.260 1.246 1.219 1.177 1.184 1.300 1.285 1.240 1.251 1.259 1.021
4 0914 1.177 1261 1.298 1.282 1.251 1.210 1.219 1.338 1.323 1.272 1.28 1.289 1.052
2 0.940 1.203 1.281 1.315 1.296 1.266 1.233 1.250 1.367 1.349 1.297 1.300 1.302 1.072
0 0.962 1.224 1.286 1.315 1.297 1.268 1.243 1.264 1.377 1.349 1.301 1.299 1.303 1.072
-2 0951 1.210 1.275 1.304 1.284 1.254 1.234 1.249 1.359 1330 1.284 1.280 1.292 1.048
-4 0934 1.182 1.248 1276 1256 1.232 1,207 1.214 1328 1304 1.260 1.253 1.269 1.023



Table 7.1 (continued)

Relative Power Density

Distance
from Core Distance from Core Center Line -(cm)
Midplane Inner Fuel Element Outer Fuel Element
(cm) 7.14 8.00 9.00 10.00  11.60 12.00 12.60 1515 16.00 1700 1800 19.00 20.00 21.00
-6 0911 1.145 1.207 1.236 1.218 1.193 . 1.172 1.172 1.288 1.269 1.228 1221 L.237 0993
—8 (.880  1.102 1.159 1.189 1.174 1.147  1.127 L1125 1.242 1.225 1.189 1181 1.196 0.961
~10 0.844° 1.050 1.100 1.131 1120 1.094 ° 1.074 1072 1.187 1.175 1.139 1.133 1.148 0922
~12 0.798 0.988 1.031 1.066 1.059 1.035 1.015 t.011 1.120 1113 1.080 1.076 1.089 0.87S
—14 0.744 0.916 0954 0990 0.990 0.969 0.950 0947 1.045 1.038 1.008 - 1.007 1.014 0.808
-16 0.680 0.832 0869 0910 0915 0900 0879 0.877 0.961 0949 0919 6917 0914 0.718
—-18 0.607  0.737 0776 0.822 0.833 0.825° 0.804 0.804 0.867 0.847 0.813 0.802 0.783 0.599
=20 0.526  0.637 0.694 0.728 0.748 0.746 . 0.722 0.729 0.764 0.731 0.692 : 0.653 0.612 0.468
~22 0.437 0.589 0.656 0.680 0.678 0.664 0627 0.688 0.704 0.657 0.614 = 0575 0514 0.381
--24 0.407 0.589 0.663 0.682 0.674 0.638 0590 0.686 0.703 0659 0618 0572 0.510 0.324
~25.4 0.379  0.866 1.165 1.251 1.19% 1,027 0.849 1.0l16 1150 1.120 1.054 & 0.950 0.627 0.281
Time: 25.00 days = 600.00 hr
25.4 0.358 0.850 1.170 12265 1.198 1.019 - 0.824 1.131 1.294 1.284 1.243 = L.141 0.805 0.415
24 0.363 0.558 0.634 0.654 0.662 0.645 0.592 0.746 0.757 0.723 0.704  0.690 0.643  0.439
22 0422 0571 0633 0.657 0.665 0.657. 0609 0718 0.759 0.722 0.709 0.702 0693 0.495
20 0.497  0.648 0.688 0.725 0.733 0.727 0.685 0.739 0.808 0.794 0.785 © 0.786 0.791 0.586
18 0.568  0.735 0.772 0.808 0.821 0.815. 0.766 0.808 0.896 0.884 0.877 . 0.867 0.879 0.664
16 0.629 0.814 0.853 0.885 0.898 0.894. 0.842 0.883 0980 0967 0959 0.943 0957 0.729
14 0.684 0.886 0929 0955 0973 0966 0.909 0951 1.057 1.043 1.034 1.015 1.026 0.787
12 0.730. 0.950 0999 1:032 1.041 1.029 0970 131.011 1124 1.111 1.101 - 1.078 1.087 0.838
16 0.768.  1.006 1.065 1.099 1100 1.083 1.024 1.064 1.183 L1170 1159 1.136 1.142 0.883
8 0.801 1054 1124 1:160 1.152 1.129 1.069 1.110 1.236 1.220 1.208 1.185 1.191 0.923
6 0.826  1.094 1176 1.215 1.198 1.166 1.108 1.147 1.275 1.259 1.249  1.224 1.232 0.951
4 0.848  1.126 1.213 1.246 1228 1.195 1.139 1.172 1.299 1.283 1270 1.241 1.243 0.963
2 0.866, 1.145 1.231 1.263 1.243 1.211 1.159 1.185 1.312 1.294 1.277 1.243 1.243 0.96S5
0 0.877  1.147 1234 1.269 1.248 1215 1.168 1.189 1.316¢ 1.295 1.278  1.243 1.243 0.966
-2 0.868 1.134 1.229 1261 1.242 1.210¢ 1.168 1.186 1.312 1.294 [.277  1.243 1.243 0.965
~4 0.854 1.114 1210  1.242 1.222 1.193 1189 1173 1.299 1.284 1.268 : 1.240 1.243 0.965
~6 0.833  1.087 1176 1.208 1.190 1.167. 1.134 1152 1.276 1.264 1.246 1.222 1.236 0.956
~8 0.809 1.054 1132 L.166 1.153 1.133) 1.093 1.117 1239 1.223 1.210° 1186 1.200 0.930
-10 0.778 1.012 1.079 1.112 L108 1.092 1.044 1.075 1.190 1.174 1.162 1.139 1.152 0.891
-12 (.741  0.960 1.014 1.052 1.053 L1043 0.987 1.024 L1131 L1114 1.102° 1.081 1.095 0.846
--14 0.692 0.895 0943 0.983 0991 0.983 0.924 00965 1.062 1.092 1.033 1.014 1.030 0.7%9
16 0.631 0.813 0861 0.906 0918 0913 0.852 0.896 0986 0.965 0.954 0938 0958 0.741
-18 0.552 0.707 0.770 0.821 0836 0.831. 0.774 0.818 0896 0.875 0862 0(.849 0.874 0.677
-20 0452 0595 0677 0731 0.746 0.738 0.682 0.750 0.811 0.778 0.764 (.752 0.786 0.603
-22 0.395  0.552 0.626 0.671 0.676 0.662 0610 0.724 0767 0728 0.714 0702 0.686 0.513
24 0.392  0.557 0.635 0.665 0668 0647 0593 0.738 0766 0.732 0724 0.700 0.653 0414
--25.4 0.356  0.829 1.129 1.217 1.145 0971 0.780 1.090 1.245 1.231 1.189: 1.086 0.739 (.350
fuel-cycle calculation results with the critical- concentration was obtained from one-dimensional cal-
experiment data to obtain a normalized two-  culations of the experimental cores. A curve repre-

dimensional power distribution. In order to match a
calculated partially depleted core with a partially
poisoned  (moderator  soluble  poison)  critical-
experiment core, an appropriate relationship between
control-rod position and control-region smeared-poison

senting the relationship used is shown in Fig. 7.17. This
technique does not consider the different relationship
that would be obtained if calculations were made for
actual partially burned cores containing nonuniformly
distributed fission products and nonuniformly depleted
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sssmn— PO (r) + PD (CORT AVERAGE), HMP, TWO-DIMENSIONAL
FOUR-GROUP CALCULATION, k=1,006 (RZ)

=—--=-=PD(r) + PD (CORE AVERAGE), HMP, EXPERIMENTAL,
k =1.000

-~--0c-=-PD(r) + PD (CORE AVERAGE), AXIAL AVERAGE,
EXPERIMENTAL, k =1.000

e 20 (1) = PD (CORE AVERAGE), ONE-DIMENSIONAL,
33--GROUP CAICULATION, k=1.000

—~8~—PD(r), HMP + PD(r), AXIAL AVERAGE, EXPERIMENTAL,
k=1.000

PD = POWER DENSITY
1.6

HMP = HORIZONTAL MIDPLLANE

RELATIVE POWER DISTRIBUTION

r, RADIAL DISTANCE FROM LONG!TUDINAL
CENTER LINE OF REACTOR (cm)

Fig. 7.i3. Calculated and Measured Radial Power Distii-
bution with 1.35 g B/liter in Moderator, No Target, and Rods
Out.

fuel. In an effort to determine the magnitude of the
error involved, reactivity perturbations were introduced
in the critical experiments in at least two different ways
to achieve the saie controlrod positions. Calculations
of these cases indicated that the calculated control-
region smeared-poison concentration was sufficiently
insensitive to the associated redistribution of neutron
flux to warrant the above proceduie for determining
rod position.

Two-dimensional calculations were not relied upon
for predicting power distributions. [lowever, a few such
calculations were made to determine how well the
power distribution could be estimated in this manner.
Differences between the calculated and measured values
are shown in Tables 7.2 and 7.3 for the “end” and
beginning-of-cycle conditions. Referring to the rods-out
case (Table 7.3), it is observed that the agreement is
very good except near the ends of the core. In these
areas the calculation tends to underestimate the end
peaking, although near the flux trap it overestimates the
end peaking. It is also observed that the calculated
neutron multiplication factor is within 0.6% Ak/k of
unity.
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e PO (r) = PD (CORE AVERAGE), HMP, TWO-DIMENSIONAL
FOUR-GROUP CALCULATION, k=0.96

~~~~~ —PD{r) =+ PD (CORE AVERAGE!}, HMP, EXPERIMENTAL,

=1.000

=~=c--~ PD{r) + PD (CORE AVERAGE), AXIAl. AVERAGE,

EXPERIMENTAL, k =1.000

PD(r) + PD (CORE AVERAGE), ONE DIMENSIONAL,

33-GROUP CALCULATION, % =1,000

~=@==—PD(r), HMP = PD(r), AXIAL AVERAGE, EXPERIMENTAL,
k=1.000

PD = POWER DENSITY
1.8

HMP = HORIZONTAL MIDPLANE

1.6

ES

N

o

RELATVE POWER DiS®RIBUTION
o
@

0.6

7 9 " 13 15 17 19 21

r, RADIAL DISTANCE FROM LLONGITUDINAL
CENTER LINE OF REACTOR (cm)

Fig. 7.14. Caleulated and Measured Radial Power Distn-
bution in Clean Core with 300-g Plutonium Target and Rods at
16.6 in.

Por the clean core condition the two-dimensional
calculation is less accurate because of difficulties in
establishing appropriate self-shielding factors for the
control rods. In this particular calculation no self-
shielding factors were used. It may be observed in Table
7.3 that the calculation overestimated the worth of the
rods (k = 0.96) and underestimated the power densities
adjacent to the control region. Next to and near the
ends of the flux trap, the discrepancy is also greater
than for the rods-withdrawn case; this is probably due
to the fact that the latter core flux trap did not contain
a target and the clean core flux trap did.

The above power distributions apply to steady-state
operation only. Calculations were also rnade for specific
transient cases. During a xenon transient in the early
part of a fuel cycle, power densities adjacent to the
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19 T | T T ] T 1
o RODS AT 26 6 in., NO TARGET, 1.35g B/iiter IN FUEL~REGION
MODERATOR
s RODS AT 24.3 in., NO TARGET, 1.25g 8/tter IN FUEL—REGION
MODERATOR
L 8 RODS AT 20,3 in., NO TARGET, 0.91 g &/liter IN FUEL~ REGION
MODERATOR
A RODS AT 19.4 in., NO TARGET, 0.527 g 8/liter IN FUEL-- REGION
MODERATOR
{7 | © RODS AT17.5in, NO TARGET, NO BORON IN FUEL - REGION
: MODERATOR
¢ RODS AT 46.6 in., CRITICAL EXPERIMENT TARGET, NO BORON
IN FUEL — REGION MODERATOR

RATIO OF HORIZONTAL MIDPLANE TO AXIAL AVERAGE POWER DENSITY

a . l a
1.3 g R S s
A B 3
¢ § : §
9
1.2
7 9 H 13

r, RACIAL DISTANCE FROM REACTOR CENTER LINE {cm)

Fig. 7.15. Ratio of Horizontal Midplane to Axial Average Power Density Versus Radial Distance from Reactor Center Line for
Various Symmetrical Critical Control Rod Positions. Experimental Data obtained from HFIRCE-4 core.
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control region .can be higher than the peak power
density at any time during a normal steady-state fuel
eyele. This results from the window-peaking effect

associated with ‘withdrawal of the control rods (refer to
Fig. 7.16) and with the lack of nonuniform burnup of
the fuel early in the cycle. The maximum window-
peaking effect occurs for an intermediate position of
the control rods, and the associated peak power density
is at the horizonial midplave. Compared with the
normal steady-state hot-spot condition the transient hot
spot is less severe because the former is at the outlet
(high bulk water temperature) and the latter is up-
stream from that point. Also the transient hot spot does
not have as large an accumulation of aluminum oxide
and thus does not experience as much plate warpage
and loss of strength. Thus it is concluded that the most
© @ 20 22 2 26 28 serious  hotspot condition occurs during normal
SYMME TRICAL ROD POSITION: (in. withdrawn) steady-state conditions.

RATIO OF HORIZONTAL MiDPLANE 0

Fig. 7.16. Ratio of Horizontal Midplane to Axial Average All the power distributions discussed thus far apply to
Power Density for Several Radii as a Function of Critical the nominal core condition. It is necessary, of course,
Control Rod Position, Data from HF[RCE-4 experiments. to consider the effects of wvadations in fuel and
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Table 7.2, Difference D(r,z) Between Measured and Two-Dimensional
Four-Group Calcwlated Power Distributions for HFIRCE-4 Core with
1.35 g B/liter in Moderator, No Target, and Rods Out

Experimental k¢ = 1.000
Calculated k¢ = 1.006

Distance D(1,2) :PD_eﬁfﬁtt:_!sx 100
from Core l)Dexpt
Midplane Distance from Core Center Line (cm)

(em) 7.14 8 9 10 11 12 126 155 16 17 18 19 20 21
25.4 -26 17 27 28 26 22 16 35 30 26 26 30 18 5
24 -15 -5 -2 -2 2 2 0 18 11 9 9 12 10 6
22 -8 —6 -3 -3 0 2 2 12 10 4 3 7 8 1
20 -5 -6 -8 -5 -2 0 1 6 4 3 4 5 8 4
18 —2 -4 -7 -7 -1 1 0 3 3 2 4 4 6 5
16 0 —4 -8 —6 -2 0 0 3 2 1 2 1 4 5
14 -1 —4 -7 -7 -3 -1 0 1 1 0 1 0 4 4
12 -1 -4 -8 =7 -3 -1 -1 1 0 ~1 1 0 3 3
10 -2 -5 -7 --5 —4 -2 -1 0 -1 -1 0 -1 2 3

8 -2 -4 -5 -5 -3 -3 2 0 -1 -2 0 -1 2 3
6 3 -3 -5 —4 -3 -3 -2 -1 -1 -2 0 -1 2 3
4 -2 -3 -4 -3 -3 -3 0 0 -2 -2 -1 -2 1 2
2 -1 --3 -4 -3 -3 -3 g -1 —1 -3 -2 -2 -1 1
4] -1 -2 —4 —4 -3 -3 0 -1 -2 -3 -2 -3 -1 1

-2 -1 -4 -4 -4 -3 -3 1 -1 -2 -3 -2 -2 -1 1
—4 -1 -4 -4 -3 —4 -3 2 0 -2 -2 0 -2 1 2
-6 -1 —4 -5 —4 -4 -3 1 0 -1 -1 Q -1 2 3
-8 -1 -4 -6 -4 —4 -2 1 1 0 -1 0 -1 2 4

-10 -1 —4 -5 —4 -3 -1 1 1 0 -1 0 —1 3 4

~12 1 -3 -5 —4 -2 0 1 2 0 -1 1 0 3 5
14 0 -3 -7 -3 -2 1 1 3 2 0 1 0 4 S
16 0 —4 -6 -4 0 2 2 4 2 0 2 1 4 5

-18 -5 -9 -9 -4 0 3 1 S 3 0 i 1 6 5

-20 ~16 -15 -10 ~3 0 1 1 8 5 1 1 1 6 5

-22 -15 -12 -7 -2 2 2 2 13 10 6 7 7 6 4

--24 -9 -5 -3 0 2 3 0 18 11 9 12 13 13 0

-25.4 -26 15 24 27 22 17 11 33 28 22 25 38 15 —4

S — ﬂ%’”ﬁfi“ﬁs‘ burnable-poison loadings and distributions and in

E 1359 B/Mer,‘ i | | metal to-water ratio within the specified fabrication

£ op | WATER ISLAND | | | : . tolerances. Minimum and maximum reactivity cores

% N k’i?EgRBwQL’ZKD | ‘ : | 7 were .define.d within the§e tolerances, and ap‘propriate

° i i : 1 ; | one-dimensional calculations were made. Radial power

g " \\ o.;1 o B/ter. ‘ i ‘ | distributions obtained from such calculations are shown

= e JATER ISLAND 1 ‘ 3 in Figs. 7.18,7.19, and 7.20 for the nominal, rainimurm,

i 20 - | ™~ 9.527 9 B lier, i ‘ and maxirmim* reactivity cores at various times in the

Q ; ! ‘ ‘ l ; fuel cycle. As may be observed the maximnum reactivity

2 For ] TheepuaTeR o core produces a peak power density about 20% greater

ol L] ThRgey MR than nominal, and the inimum reactivity core

o] 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 (x1073)

TANTALUM CONCENTRATION (at./b-cm)

Fig. 7.17. Symmetrical Control Rod Position Versus Tanta-
lum Concentration in Control Region of One-Dimensional
Caleulation for HFIRCE-3.

produces a 10% increase over nominal.

*The power-distribution discontinuities shown in Figs. 7.19
and 7.20 result from assumed discontinuities in radial fuel
distributions that are consistent with permissible tolerances,
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Table 7.3. Difference D(r,z) Between Measured and Two-Dimensional
Four-Group Calculated Power Distributions for HFIRCE~ Core in Clean
Condition with 300-g Pu Target

Experimental k,pe = 1.00
Caleulated k,¢e = 0.96

Distance D(r.7) = PDexptPPeate % 100
from Core Dexpt
Midplane Distance from Core Center Line (cm)
fem 7.14 8 9 10 11 12 12.6 15.15 16 17 18 19 20 21
25.4 ~4] 0 8 8 6 5 1 21 13 10 17 32 35 8
24 -17 -7 4 -4 —4 -7 -5 8 3 1 7 13 37 41
22 16 —6 0 0 1 2 1 12 9 5 5 8 20 33
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Another fabrication tolerance that must be con-
sidered is the dimensional tolerance at the ends and
edges of the fuel plate fuel core. It is possible for a
single fuel core to extend radially and axially beyond
the others and thus expose its protruding edges to
higher neutron fluxes than the rest of fuel cores are
exposed to. The calculated radial power density
gradients for the inner and outer edges of the inner and
outer elements are 60, 4Q, 50, and 35%fcr, respec-
tively, with the latter value applicable only within the
gray and white window regions. Axial gradients at the
ends of the fuel cores were determined experimentally
and are shown in Fig. 7.21 as a function of radial
position. These measurements were made for the
beginning-of-cycle conditions. Gradients at later times
are somewhat less.

The present dimensional tolerances on the relative
positions of fuel cores permit radial protrusions of
about 0.20, 0.10, 0.16, and 0.12 cm (going from inner
to outer edges) and axial protrusions of about 1.34 c¢m.
Thus the possible increases in local power densities
associated with fuel-core edge-position: tolerances are
12, 4, 8, and 4% for the radial edges and as much as
50% for the ends.

As will be discussed in Chapter 8 the calculated length
of the fuel cycle for a nominal core was about 16 days,
whereas the actual fuel-cycle time for the HFIR has
consistently been 23 days. Since the discrepancy is too
large to be explained by fabrication tolerances and
inaccuracies in measuring power level, it was desirable
to manipulate the calculation in such a way as to
produce a calculated cycle of 23 days for the purpose

of examining the power distribution. The details of how
this was done are explained in Chapter &, but the
power-distribution results are shown in Fig. 7.22. A
comparison of this figure with Fig. 7.18 shows that the
extended fuel cycle increases the peak-to-average power
density ratio about 5%.
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8. FUEL-CYCLE CALCULATIONS

Fuel-cycle calculations were made by using a one-
dimensional 33-group 25-region diffusion code. As
discussed in Appendix B the cross sections were
obtained with THERMOS and GAM-I for a core that
was about half depleted. This set of cross sections was
used all through the fuel cycle without otherwise
accounting for changes associated with burnup. In the
THERMOS calculation the entire core was considered
to be a unit cell, and thus it was possible to calculate
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thermal cross sections as a function of radial position.

The use of 25 radial regions, 16 of which were in the

fuel region, permitied detailed consideration of nonuni-

form radial depletion and fission-product buildup. An
estimate of mnonuniformities in the axial direction
indicated that the effect was small on both power
distribution and reactivity and that the resulf was
flattening of the power distribution and a decrease in
reactivity.

The axial buckling was assumed to be independent of
burnup, radial position, and peutron energy. A single
value was obtained by performing a buckling search on
the HF{RCE-3 core in the HFIR facility with the rods
out and criticality maintained with boron in the
moderator (fuel regions only). This value was used in all
the fuel-cycle calculations.

As discussed in detail in Appendix B the fission
products were divided into two categories: those with
short half-lives or large cross sections or both and those
with relatively long half-lives and small cross sections.
The latter fission products were lumped into a single
itern, while the others were treated separately with
their appropriate chains.

At each of the time steps in a fuel-cycle calculation,
criticality was achieved by adjusting the poison concen-
tration in the annular, homogenized control region. The
adequacy of this procedure from the standpoint of
predicting power disiributions was discussed,in Chapter
7.

A reasonable fuel-cycle time originally considered for
the HFIR was about ten days. As the design progressed
it became apparent that a 14-day cycle could probably
be achieved without exceeding limitations associated
with reactivity ‘control, fuel-plate metallurgical con-
siderations, and neutron fluxes in experimental

facilities. Final fuel-cycle calculations for the HFIR
indicated that the nominal fuel-cycle lime for a core
containing the maximum poison flux-trap target and
having a clean beryllium reflector would be about 16
days.

Significant variations in fuel-cycle time can occur as-a
result of deviations from nominal in fuel and burnable-
poison loadings and distributions, metal-to-water ratio
in the fuel elements, flux-trap target contents, and
beryllivm-reflector impurity content. Of course experi-
ments other than that in the flux trap can also have an
effect, but the original intent was that they be located
s0 as to have essentially no effect. Variations in
fuel-cycle time associated with deviations of fuel and
burnable-poison concentrations and of metal-to-water
ratio from nominal values were intended to be limited
by specified fabrication tolerances. This was also true to
some extent for the beryllium reflector.

The reactivity span associated with extreme devia-
tions within tolerance is about 0.04 Ak/k if the
flux-trap target initially contains 300 g 2**Pu. Fuel-
cycle calculations for these cases: indicated a range in
fuel-cycle time from about 11 to about 19 days. Curves
of k. pe versus lime for the minimum, nominal, and
maximum reactivity cases are shown in Fig. 8.1.

Reactivities associated with xenon, samarium, the
lumped nonsaturating fission products and the boron
burnable poison are shown in Fig. 8.2 as a function of
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time for the nominal core under steady-state condi-
tions. Of particular interest is the boron curve because
it shows that at the end of the calculated fuel cycle the
remaining boron is worth about 0.01 Ak/k, which is
equivalent to about two days of core lifetime. The
combined use of cadmium and boron was considered
for the burnable poison because it could significantly
reduce the loss in core lifetime. However, the prelim-
inary investigations indicated that the much more
rapidly burning cadmium introduced undesirable power
distribution and reactivity characteristics in the early
part of the cycle, and thus cadmium was dropped from
further consideration for this particular core design.
The fuel-cycle analysis techniques were also used for
looking at various slow transients. Figure 8.3 shows K ¢r
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for a core assumed to be shut down from full power at
time, t, and allowed to remain down long enough for
essentially all the xenon to decay (~10 days). As
indicated, a core less than seven days Old gains
reactivity relative to the steady-state conditions, but
after seven days there is a loss. A 13-day-old core is the
oldest core that could be “started” again without
auxiliary reactivity. This permanent loss of reactivity is
due to the decay of '*Pm into stable ' *?Sm.

Imnediately following a shutdown the temporary
buildup of xenon imposes a restriction on permissible
short-term down time or reduced-power time or both.
A family of curves reflecting this limitation is shown in
Figs. 8.4 and 8.5. The reduced power levels shown on
these curves are fission power rather than total power.
Immediately following a large reduction in power (e.g.,
from 100 to 10 Mw) a large fraction of the total power
is afterheat and does not contribute to the production
or destruction of xenon. For the curves to be applicable
the fission heat must be known.

After the xenon poisoning reaches a peak following a
shutdown, there is a time when the combined poisoning
effect of xenon, which is decaying, and sarnariur,
which is building up, reaches a minimum between the
peak xenon and the final samarium. As shown in Fig.
8.6 the minimum occurs at about four or five days after
shutdown, and the difference in reactivity between this
minimum point and an “infinite” decay time point for
an 11-day-old core is about 0.01 Ak/k. Thusifa 13-to
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Fig. 8.4. Neutron Multiplication actor Versus Time After
Power Reduction for Nominal 9.4-kg 235y and 2.8-¢ '°B Core
Following One Day of Operation at 100 Mw, Maximum poison
target and clean berylium reflector.
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15-day-old core is shut down and caught by the
relatively tast xenon buildup, the core could be saved
by restarting after about four days but would be lost if
delayed much longer than that.
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All the preceding discussion pertains quantitatively to
the present production core, which contains 9.4 kg
2350 and 2.8 g '”B. The very first production core
contained the same fuel loading ‘but had a burnable-
poison loading of 3.6 instead of 2.8 g '®B. [The larger
boron loading was based on critical experiments
employing a set of control rods (Ag black region, Ag-Al
gray region) that proved to be worth less than the
actual Eu,03-Ta-Al rods, which were not avaijlable at
the time.] This particular core had a calculated nominal
lifetime of 14 days, a minimum of two days, and a
maximum of 16 days. The very short minimum lifetime
indicates the effect of not being able to burn out the
burnable poison.

Since several HFIR cores have now been run to
completion at full power, it is possible to make a
comparison between calculated and observed fuel-cycle
times and related performance characteristics. However,
before making such comparisons it must be recognized
that the actual detailed initial conditions of a fuel
element in tecms of fuel and poison loadings and
distributions and metal-to-water ratio are not known,
except that they are within the specified permissible
limits. All elements are inspected to assure compliance
with these limits, and a final reactivity check is made,
but detailed information associated with a precise
prediction of lifetime is not obtained.
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The above uncertainties make it difficult to compare
predicted and actual fuel-cycle times. However, it is not
believed that the uncertainties are as great as the
observed difference between the predicted nominal core
fuel-cycle time and the apparent actual fuel-cycle time.
For each of the cores operated so far, including the one
containing 3.6 g '°B, the actual fuelcycle time has
been very close to 2300 Mwd, as compared with a
predicted range of 1100 to 1900 Mwd for the core
containing 2.8 g '°B.

A detailed analysis of fuel and boron loadings and
distributions within typical HFIR fuel plates indicates a
tendency toward low reactivity and thus short fuel
cycle. Thus the discrepancy appears to be something.
basic in the model. One immediately suspected quantity
was the lumped fission-product cross section, but
complete removal of this fission product was required
to achieve the actual fuel-cycle time. This certainly does
not appear to be reasonable.

Present plans for investigating the fuel-cycle time
discrepancy include a two-dimensional depletion calcu-
lation with several thermal groups. THERMOS- and
GAM-<alculated cross sections will be used, and some of
these have been changed since the one-dimensional
calculations were made. There is no clear indication,
however, that this method will give better results,

In an effort to determine what effect the longer fuel
cycle might have on power distribution and Xenon
transients, the lumped fission-product group was set
equal to zero. No particular significance is attached to

this other than it just happens to produce a nominal
core fuel ¢ycle of 2300 Mwd. The instantaneous effect
of removing the lumped fission product in the computa-
tion is to increase the calculated peak power density.
Thus this approach appeared to be conservative. Data
on burnable-poison burnup and xenon-transient condi-
tions for the longer fuel cycle are given in Figs. 8.7
through 8.10. Results from the steady-state portion of
the calculation indicate that the residuval poisoning due
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to boron is essentially gone by the end of 2300 Mwd.

This appears to be the explanation for the first
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production core (3.6 g '°B) lasting as long as the
subsequent cores (2.8 g 19B).
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23-day cycle.
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9. REACTIVITY COEFFICIENTS

Many of the reactivity coefficients were determined
experimentally during the HFIR critical experiments. In
some cases, however, it was necessary to rely on
calculations because measurements were not practical.
The results of both experiments and calculations are
summarized here. More detail concerning the experi-
mental work is included in Appendix A, and Ref. 14
presents a supplementary discussion on flux-trap void
coefficients.

9.1 Temperature Coefficients

Overall core isothermal coefficients and fuel-region
coefficients were measured in the HFIRCE-2 experi-
menis. The flux-trap coefficients were determined by

ORNL-DWG 70-14967

IO [ - \
o ISOTHERMAL 2
4 FUEL REGION HEATED ABOVE AMBIENT /
70 e AMBIENT POINT ASSOCIATED WiTH FUEL {- ;717
COEFFIC'ENT MEASUREMENT b
— I,
2 / /
5 60 foon _ S O o /.
L 7y
B /o
(@]
o
[T
N — —
-
[vey
<T
o WITH 300-g Pu
@ TARGET IN FLUX-
E TRAP REGION
ol
z A
5 Y
/
& ‘g
A A
wl A/ //
z a Iy / Iy,
£ 20 b o — N/ —— —
< 7 s Y
0] [ W / //
w 7 / iy 4
= p /y / /// p
/ /S
y S/ 7
10 ~ r~.4k—//r,;/ .
oy / // ,ﬁ;y > WITHOUT
Loy L2 TARGET
| 0./ e /| |
0 Ll L - | |
20 30 40 50 60 70 80

FUEL-REGION TEMPERATURE (°C)

Fig. 9.1. Reactivity Versus Change in Fuel Region and
Isothermal Temperatures.

taking the difference between the overall and fuel-
region coefficients and making a small calculated
correction for the control- and beryllium-reflector-
region coefficients. Changes in reactivity as a function
of isothermal and fuel-region temperature are shown in
Fig. 9.1, and the corresponding coefficients are shown
in Fig. 9.2. These coefficients are strictly applicable to
the clean core condition only. Howsver, with the
exception of the coefficient for the fuel region, they are
also reasonably accurate for all stages of burnup.
Calculations indicate that at the end of a fuel cycle the
fuel-region coefficient, which is sensitive to control-rod
position, should be one-half that for a clean core.

It may be observed in Fig. 9.2 that without the target
in the fux trap the isothermal coefficient is positive up
to about 110°F and negative for higher temperatures.
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The positive value is of little consequence, since the
maximum positive reactivity addition is only 0.0005
Ak/k, and the fuelregion coefficient, which is relativety
prompt during a transient, is quite negative for all
temperatures of interest.

The isothermal temperature coetficient measured in
the actual reactor facility (with the target in the flux
trap) was slightly positive in the temperature range 80
to 120°F, with the maximum reactivity addition being
about 0.0007 Ak/k. The difference in the two measured
isothermal coefficients iy attributed primarily to a
ditference in the control-rod drive mechanisms in the
HFIR facility and the critical-experiment facility. This
difference resulted in somewhat different differential
thermal expansion between the fuel elemenis, the
control rods, and the control-rod position indicaior.

9.2 Void Coefficients

Considerable emphasis was placed on investigation of
the flux-trap void coefficient because displacement of
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water from this region can add significant amounts of
positive reactivity. Void effects were investigated in
detail in the HFIRCE-1 and -2 experiments, and checks
on the worth of the optimum voids {i.e., the void
fraction producing the maximum positive reactivity)
were made in the HFIRCE-3 and 4 experiments.

The first HFIR critical experiments were performed
with a solution fuel |D, 0+ H, 0+ U0, (NO;),] anda
D, O outer retlector; the D, O concentration in the fuel
region was adjusted to produce about the same slow-
ing-down and leakage characteristics as an Al + H,O +
U system. In these experiments® % -in.-diam air-filled
plastic tubes were added to an all-water flux trap to
determine the void effect. The results of these experi-
ments are shown in Fig. 9.3. Also shown in this figure is
the reactivity effect of adding I-in.~diam aluminum rods
to the water-filled tlux trap. It is of interest to note in
the case of true voids that with the flux trap completely
voided the critical moderator height was about the same
as tor no voids.
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Reactivities associated with the optimum voids in Fig.
9.3 were somewhat greater than measured in later
critical experiments with actual fuel elements. This is
attributed to greater neutron leakage to the flux trap of
the solution critical experiments and thus greater
reactivity dependence on the flux trap. Even so, the
results of these experiments should be of some interest
in evaluating future modifications to flux-trap loadings,
particulaily since calculations have not predicted flux-
trap void effects very accurately.

In the HFIRCE-2 experiments, styrofoam cylinders of
increasing diameter were added to the center of the
water-filled flux trap to obtain the curve of Ak versus
reduction in average water density, as shown in Fig. 9.4.
As indicated, the optimum void was 72% of the
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flux-trap volume, the coiresponding positive reactivity
addition was 3.2%, and the void coefficient for small
void additions was about 0.06 (Ak/k)/(AV/V).

With the 300-g plutonium simulated target in the
flux-trap, voids were added uniformly throughout the
target volume to achieve the optimum void. These
results are shown in Fig. 9.5. Since the aluminum target
constitutes a near void, the optimum void fraction with
the target in place is only 42%, and the coiresponding
positive reactivity addition is only 1.5% Ak/k. For siuall
void additions the void coefficient is about 0.045
(Dk/K)/(AV/V).

For the HFIRCE-3 and 4 experiments, flux-trap
plastic inserts were made that contained the optimum
voids determined in the HFIRCE-2 experiments. The
associated positive reactivity additions were found to he
the same as measured in the HFIRCE-2 experiments.

Void coefficients for the fuel region were determined
experimentally by replacing a few fuel plates with
aluminum plates and then replacing the latter plates
with water. By making a small correction for the
absorption in the aluminum the aluminum coefficients
were converted to void coefficients. Results from the
HEIRCE4 experiments are given below (the volumes
refer to water):

Fuel
Element (AK/K)/(AV]V)
Inner _0.080
Outer _0.170
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Fig. 9.5. Change in Neutron Multiplication Factor Attributed to Uniform Reduction in Water Density Over Entire Island,

Inctuding Plutonium Target.
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The radial variation of void coefficient within the fuel Table 9.1. Fuel, Fuel-Plate, and
region was estimated with a one-dimensional calculation Aluminum-Plate Coefficienis
and is shown in Fig. 9.6. Close to the inner and outer o

. ~ . Item Coeflicient

reflector regions the coefficients are very close to zero.

Void coefficients in the control and beryllium re- Fuel®
flector regions were not determined experimentally, but Inner element 3.7 X 107 (ak/K/g 225U
calculations indicate that the average coefficient for the outer element (1)5837;‘1\‘(1;/‘ ’5\)2 (Aﬁ/ f;l) 235y

. . . i er eleme . 5

two regions combined is positive up to a water ey elemen 0074 (Ak/k)/(AI’/n/)Hl%)

displacement of 60%. The positive reactivity addition

i ) ) v Total average 0.471 (AkfKy/(am/m)
associated with the optimum void is 0.005 Ak/k, and Fuel plateb
the coefficient for small void fractions is 0.02 Inner element -0.058 (Ak/K)/(AV]V)
(AK/K)(AV/V). ~1.10 x 107 (ak/k)/in.>
Outer element -0.113 (Ak/k}M(AV/V)

~11.6 x 107 (ak/k)/in.?
Aluminum plate®

S ORILZDWG 5~ 122545 fnner element ~-0.104 (Ak/lg)/(AV/V')
3 T B S ~16.7 % 107% (ak/k)/in?
: e 9 J
i ! | r 2.3 % 1073 (ak/k)/mil
o I NN W/ Outer element 0188 (Ak/K)/(AV/V)
$ | | pT s -15.9 x 107° (ak/k)/in2
g | I - —4.1% 107 (ak/k)/mil
= AL I A N . T J
Z o A .
§ ‘u : : 2 am refers to weight of fuel in specified element.
i T A ] s 8 by refers to active volume of fuel plate.
- | \ o ! p SV refers to the entire volume of fuel plate.
S / [ T S SN S Pl B I I
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Fig. 9.6. Void Coefticient in HFIR for Uniform Local Void
Distribution. 1.02
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9.3 Fuel, Fuel-Plate, Aluminum, and Boron
Coefficients for Fuel Region

Results from the HFIRCE4 experiments pertaining
to the fuel, fuel-plate, and aluminum-plate coefficients
are given in Table 9.1. The coefticients were obtained
by replacing as many as six fuel plates in each element
with aluminum plates or water. It may be seen that
replacement of a fuel plate with water adds positive
reactivity. Calculations were made to determine at what
point the coefficient would change from positive to
negative. The results are shown in Fig. 9.7. As
indicated, the coefficient becomes zero when about
30% of the fuel plates have been replaced (uniformly
across the core) with water. The corresponding increase
in reactivity is about 0.03 Ak/k. 0.94 ‘e —

, . ; . . 0 19 20 30 40 50 50 70

The <uel-plate coefficients determined for the PERCENTAGE OF CORE FUEL PLATES REPLACED WITH WATER
HFIRCE-3 core are slightly different than for a regular
HFIR production core because of the different boron Fig. 9.7. Neutron Multiplication Factor as a Function of
burnable-poison loading (2.12 g '°B for HFIRCE-3 Fuel-Plate Replacement with Water.

0.99 [——rmreferere s . s

0.97 feremes e R B i M S

.keff' NEUTRON MULTIPLICATION FACTOR

0.96 |orrre e

0.95 bl




core and 2.80 g '°B for HFIR production core). The
coefficients given in Table 9.1 were corrected to be
consistent with the HFIR production cores, and the
curve in Fig. 9.7 applies to the core with 2.8 g 1°B. It
should also be remembered that these values apply to a
clean core. Fuel-plate coefficients are quite sensitive to
fuel and burnable-poison burnup and to the variations
in fission-product concentrations.

The aluminum-plate coefficient is of some interest
because of the reactivity effect associated with tol-
erances on fuel-plate thickness. In Table 9.1 the
aluminum-plate coefficients presented as (Ak/k)/mil
represent the positive reactivity addition associated
with removal of 0.001 in. of plate thickness from each
plate in the specified element.
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Burnahle-poison (*°®B)} coefficients were not de-
termined experimentally but were calculated on the
basis of complete removal of boron, with the specified
radial distribution, from the inner element of the
HFIRCE-3 core. The resulting coefficient was —0.018
(Ak/k)/g ' °B.

9.4 Boron—Stainless Steel Poison Sirips

Under certain emergency conditions it might be
desirable to poison the fuel elements with poison strips
fitted between the fuel plates. For this purpose boron-
stainless steel strips were proposed, and their worths
were experimentally determined. The results are dis-
cussed in Ref. 28.



10. FISSION DENSITIES AND PLATE
TEMPERATURE DATA ASSOCIATED WITH
RADIATION DAMAGE

The degree of radiation damage in the HFIR fuel
plates appears to be dependent on the concentration of
fission-gas atoms generated in the' fuel and on the
temperature of the fuel. Results from preliminary
radiation-damage - experiments2® associated with the
HFIR and ATR programs indicated that the HFIR
design and operating conditions are close to those that
could result in significant radiation damage. Additional
experiments were therefore conducted to obtain more
applicable data,®® and a detailed computation of fission
densities and temperatures in the HFIR fuel plates was
made.

In order to evaluate radiation damage in terms of
fuel-plate mechanical integrity and heat-removal
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capabilities, several factors must be considered. Among

the more obvious are (1) the effective areas associated
with the hotspot and hot-plate conditions and (2) the
location of the thermal hotspot and hot-plate condi-
tions relative to the fission-density distribution. A
detailed discussion of the effects of these and other

factors in the overall evaluation of HFIR fuel-plate’

radiation
however,

damage is outside the scope of this report;
basic information concerning the possible
fuel-plate surface areas covered by the hot-spot and
hot-plate conditions and the fission densities and
temperatures that occur in these areas is given here.
Criteria governing the acceptable extent of radiation
damage by the end of a fuel cycle from the standpoint

of heat removal are the following: (1) plate swelling so-

greater than 4% for hotstreak conditions and 5% for
hot-spot conditions; (2) no blisters or nonbonds greater
than 0.06 in. in diameter.

10.1 Analysis of the Nominal Core

The total number of fission-gas atoms generated per
unit volume at a particular location in the fuel over a
specified period of time was assumed to be directly
proportional to the time-integrated power density at
that point. One-dimensional HFIR' fuel-cycle calcula-
tions and two-dimensional correction factors were used
to obtain the time-integrated fission density (hence-

forth referred to as “fission density™) for a typical
23-day HFIR core as a function of space and time. The
results are shown in Figs. 10.1 through 10.5.

The fission densities in Figs. 10.1 and 10.2 are
expressed in terms of averages over the volume of a unit
cell in the fuel region. These curves were then multi-
plied by the ratio of unit-cell thickness to fuel-plate fuel
core thickness to obtain fissions per unit volume of
fuel-plate fuel core. The latter curves, which are useful
in estimating the degree of radiation damage, are shown
in Figs. 0.3 through 10.5. It is interesting to note in
these figures that the peak Gssion densities occur
adjacent to the four side plates instead of at the centers
of the fuel annuli, where the “homogenized” fission
densities peak. The reason for this is that next to the
side plates the thicknesses of the fuel-plate fuel cores
are one-half to one-third the thicknesses of the cores at
the radial center of the annuli (see Figs. 7.1 and 7.2).

In the longitudinal direction there are three peaks in
the fission density: one al the horizontal midplane and
one at each end of the core. Since there is no variation
in nominal fuel-core thickness in the longitudinal
direction, the peaks result only from the neutron flux
distribution.
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Fuel-plate temperature distributions after 15 and 23
days of operation at 100 Mw are shown in Figs. 10.6
through 10.10. As indicated, the maximum tempera-
tures near the end of a fuel cycle occur in regions of
low fission density, a condition that is advantageous
from a radiation damage point of view.

The varjation in fuel temperature with time, shown in
Figs. 10.11 and 10.12, results from the variation in the
relative power distribution and from an increase in the
fuel-plate aluminum oxide thickness. It is not known at
this time whether the time dependence of fuel tempera-
ture has a significant effect on radiation damage.

When calculating the fuel-plate temperatures re-
ported, the most recent out-of-pile experimental data®®
were used for the rate of aluminum oxide buildup and
for the oxide thermal resistance. It is possible of course
that under reactor operating conditions the oxide filin
characteristics are significautly different. However, ex-
periments in the ETR indicate that the in-pile and
out-of-pile oxide films are about the same.>°
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10.2 Hot-Spot and Hot-Plate Conditions

The hotspot and hot-plate conditions detine various
combinations of deviations from ' the nominal core
design and operating conditions and must be used when
analyzing the heat removal from the core. It is also
necessary to consider these conditions in connection
with radiation damage because they affect both fission
densities and temperatures.

To evaluate the possible radiation-damage problem at
the hotspot and hot-plate locations, it will be necessary
to consider the effect these locations have on fission
density and temperature distribution. One important
consideration in this regard is the amount of fuel-plate
area that can be covered by the hotspot and hot-plate
conditions (i.e., what size area can have a fuel-surface
density 10% greater than nominal, etc.). From an
analytical point of view the hotspot and hot-plate areas
are defined in terms of the fabrication specifications
and the particular methods of inspection used. In the
actual case, of course, the areas might be significantly
less. However, until such data are made awvailable, it
seems prudent to consider the conditions defined by
the present specifications.®! Corresponding typical
hot-spot and hot-plate conditions considered herein for
determining the maximum fission densities are il:
lustrated graphically in Figs. 10.13 and 10.14. [t is
evident that the specifications and the present methods

of inspection permit about half the plate to have fuel-
surface densities that are 10% greater than the specified
nominal values. The maximum hot-spot area is con-
siderably less, but several hot spots can exist on the
same plate if they are separated longitudinally by about
Y, in.

The hot-spot and hot-plate conditions shown in Figs.
10.13 and 10.14 refer only to increases in local power
densities that resuli from excessive fuel concentrations.
The total hotspot and hot-plate factors consist of the
several individual factors indicated in the following
equations:

Hot-spot factor = fuelsegregation factor X
flux-distribution factor X core-volume
factor X powerdevel factor X axial-
position factor = 1.30 X 1.10 X 1.05 X
1.02 X E(r)=1.53 X E{r)

Hot-plate factor = fuel-distribution factor X
flux-distribution factor X core-volume
tactor X power-level factor = 1.10 X 1.10
X1.05X1.02=1.30

It is assumed that the flux-distribution and core-volume
factors cover the entire fuel-plate area; therefore, the
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Particular Locations,

diagrams in Figs. 10.13 and 10.14 qualitatively rep-
resent a superposition of the fuelsegregation and
fuel-distribution factors on the other two factors. To
obtain the approximate corresponding hotspot and
hot-plate fission densities, the curves in Figs. 10.1
through 10.5 should be multiplied by the above total
factors, which take into account the restricted area
coverage indicated in Figs. 10.13 and 10.14.

The quantity E(r) in the hotspot factor equation
accounts for axial extension of the fuel into the steep
thermal flux gradient. This factor is a function of radial
position and is plotted accordingly in Fig. 10.15. It
should be noted that the factors in this figure apply
only at the outlet end of the core. The inlet end of the
core is considerably cooler than the outlet, and thus it
constitutes a less severe case insofar as radiation damage
is concerned.

T*'"HORIZONTI\L
MIDPLANE

.

“— PLANE OF ZERO
DEVIATION FROM
SPECIFIED NOMINAL
FUEL CONCENTRATION

t0.42 in. -0.25in.

RADIALL DISTANCE—
FRCM REACTOR

LONGITUBINAL HOT-SPOT
CENTER LINE ey LOCATIONS
=20.75cm

and Typical Hot-Spot Conditions at Four

In the above treatment of the hot spot it was assumed
that the fuel in the hotspot area was distributed
uniformly over the area defined by the inspection head
(sensing area of inspection device). However, it is
possible for the fuel to be segregated within this area to
an extent limited by the maximum packing fraction of
the U3Og particles and the effective diameter of the
inspection head. Typical permissible configurations,
including unbonded arcas of the maximum permissible
diameter, are shown in Fig. 10.16. In all cases a packing
fraction of 0.74, an effective inspection head diameter
0.078 in., and a maximum nonbond diameter of 0.063
in. were considered.

The configuration in Fig. 10.16 can quite obviously
result in much higher, though more localized, fission
densities and fuel temperatures than the case discussed
in the above paragraph. For instance, the area ratio of
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detector head to fully concentrated fuel is about 10:1,
which means that the local fission density could be ten
times that indicated by the inspection device. Tempera-
tures corresponding to these cases are shown in Fig.
10.17:3% as indicated, fuel temperatures as high as
1200°F can exist. There are other permissible, though

less likely, combinations of segregations and blisters
that can result in even higher temperatures.

At the present time there is probably no accurate
method with which to correlate these extreme cases
with the ETR experimental results because these
burnups and temperatures were not achieved on a
nominal basis, and the degree of perversity that actually
existed in the experimental-program?9-3¢ sample plates
is not known. It is of interest to note, however, that all
HFIR cores operaied thus far have shown no signs of
significant radiation damage (1o detectable fission-
product refease).® Of course, as was the case with the
experiments, knowledge of the degree of perversity that
exists is lacking.

10.3 Summary of Results

The maximum time-integrated fission density in the
fuel-plate fuel core at the end of a 23-day fuel cycle

*Two spent HFIR fuel elements have undergone detailed
hot-cell examinations, and no indications of blisters have been
observed 33
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occurs at the horizontal midplane of the fuel element
adjacent to the control region. The fission densities and
temperatures at this point for the nominal, hot-plate,
and hotspot conditions are listed in Table 10.1.

The maximum fuel temperature at the end of the fuel
cyele occurs at the outlet end of the core near the radial
center of each fuel annulus. However, the fission
densities at these locations are about a factor of 2 or 3
less than the maximum. Typical fission densities and
temperatures at this location in the outer fuel annulus
are also given in Table 10.1.

Since radiation damage appears to be a function of
both fission density and temperature, it is quite possible
that the data in Table 10.1 do not represent the worst
combination of the two parameters. The curves in Figs.
10.1 through 10.12 can be used for a more detailed
analysis when more experimental data are available.

When using the fission density and ternperature data
to evaluate the extent of radiation damage in terms of
fuel-plate mechanical integrity and heat-removal capa-
bilities, the distributions of the {fission density and
temperature must be considered. For instance, the
maximum hotspot fission density (see Table [0.1)
exists only at a point. A short distance downstream
from this point, both the temperature and fission
density are only slightly less. Moving radially inward,
however, the fission density decreases by a factor of
about 2.5 in 1.4 in., while the temperature increases a
few degrees. Starting at the outlet and near the radial
center of the outer fuel annulus and moving up, the
fission density decreases by a factor of 2.0 in 1.2 in.,
while the hot-spot temperature decreases by about
270°F. Thus it becomes apparent that determining the
extent of radiation damage may be very difficult unless
experiments simulating the above and similar conditions
are conducted.

Table 10.1. Fission Deasities and Temperatures
in Fuel-Plate Fuel Core After 23 Days at 100 Mw

Horizontal Midplane Adjaceat

Radial Center at Qutlet
End of Quter Fuel Flement

Condition to Control Region
Fission Density Temperature Fission Density Temperature
(tissions/cm®) CE) (fissions/em™) CF)
x10%! X 10
Nominal 1.9 184 0.7 300
Hot plate 2.4 250 0.9 485
Hot spot 2.8 ~350 1.0 ~600




11. MODIFIED CORE DESIGN FOR
LONGER LIFE

The present design of the HFIR core does not
necessarily yield the longest fuel-cycle time that can be
achieved with a core of this size. During the carly design
stages the desired fuel-cycle time of 15 days required
significant extrapolations in several areas of fuel and
fuel-plate performance. As the design and research and
development efforts progressed, limits that appeared to
be realistic were applied to each parameter. It is now
believed that several of these limits can be extended and
thus contribute to the achievement of a longer fuel
cycle. The major factors of concern are fuel-plate
fabricability, fuel segregation, radiation damage, alumi-
nuin oxide buildup, corrosion, preservation of the high
thermal-neutron fluxes in experimental facilities, and
power-distribution and reactivity control.

Further addition of fuel to a fuel plate is eventually
limited by increased fuel segregation; destruction of the
coniinuous aluminum matrix in the compact by unac-
ceptable cracking during fabyication; increased radiation
damage; and steeper thermal flux gradients, which
require more severe fuel gradients and in turn lead to
greater fuel segregation. Of course the increased fuel
loading extends the fuel-cycle time, and this increases
radiation damage, oxide buildup, and corrosion. The
oxide layer may increase in thickness to the point
where it begins to slough off and introduce still further
problems.

Without at first becoming concerned with the ma-
terials problems, fuel-cycle calcutations were made with
a 12-kg ?°°U loading and with additional burnable
poison in the form of a cadmium cylinder located
between the twe fuel annuli. The results of these
calculations indicated a substantial increase in fuel-cycle
time (~50%), a satisfactory power distribution, only
slightly reduced thermal fluxes, and adequate reactivity
control during normal operation. On the other hand the
addition of more burnable poison, and particularly of a
faster buruing poison like cadmium, tended to cause an
initial reactivity increase with time in the absence of
xenon, as indicated in Fig. 11.1. Thus a partially burned
core could be more reactive than a c¢lean core and
require modifications in the present shutdown criteria,
It does not appear that this will constitute a serious
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problem, but it might on occasion require the use of the
standby soluble-poison systern.

For the above calculations the cadmium burnable
poison was smeared over the aluminuwm-water region
between the two fuel annuli and thus was quite dilute.
In actual practice it might be possible to lump the
poison to prevent its burning out so rapidly during the
early part of the cycle. This would tend to alleviate the
peak reactivity condition mentioned above.

Several positions other than the position between the
fuel annuli were considered for the additional burnable
poison. If the poison were placed in the outer fuel ele-
ment, the control-rod worth would be reduced; if it
were placed in the inner element, the flux-trap thermai
flux would be depressed by a few percent.

More recent extended-ife fuel-cycle calculations
indicate that because of the longer fuel cycle actually
achieved in operation of the reactor (23 days instead of
the predicted 16 days) it should be possible to use
slower buming boron instead of cadmium as the
additional burnable poison. The earlier calculations,
which predicted shorter fuelcycle times, indicated
excessive loss in fuel-cycle time due to nonburned
boron. This is not the case with the longer cycles.
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Preliminary investigations of the materials problems
indicate that from a fabrication point of view it will
probably be possible to increase the total 2**U loading
from 9.4 to 12 kg; radiation damage will probably not
be a problem; but the increase in degree of segregation
is as yet unknown. Oxide buildup and corrosion have
the same origin but are considered separately because
the oxide film constitutes a signiticant thermal resist-
ance and corrosion can lead to fission-product release.
The available data®® show that when the oxide thick-
ness approaches about 2 mils and the heat flux is close
to 1.5 X 10° Btu/hr ft?, the oxide will begin to slough
oft and thus reduce the thermal resistance. The empir-
ical correlation relating the more significant parameters
is

8280
X =443 09778 exp <» T>,

where

X = oxide thickness in mils,
# = time in hours,
R = oxide-water interface temperature in °R.

A plot of the correlation for a range of temperatures
and times of interest to the HFIR is shown in Fig. 11.2.

When the oxide stoughs off, the corrosion rate
appears to accelerate, and there is some indication that
severe pitting will take place. However, there is not
enough data following the initiation of sloughing to
predict just how severe the situation might be. Another
complication associated with sloughing is the resultant
variation in plate temperature patierns and the effect
this will have on plate deflections and thus heat
removal.

Returning to Fig. 11.2, it may be observed that if the
surface temperatures are below about 310°F, exposure
times of about 40 days would be required to initiate
sloughing. This time is probably consistent with a 12-kg
loading, and it is not expected that hot-plate surface

OXIDE THICKNESS
PRIOR TO SLOUGHING {mils)
ro
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Fig. 11.2. Aluminum Oxide Buildup in pH 5.0 Water.

temperatures will be significantly higher than 310°F.
However, hotspot and other localized and small areas
are likely to experience considerably higher surface
temperatures (~400°F). This would not be troublesome
from the standpoint of plate thermal deflections, but
exeessive localized corrosion could be serious. This will
have to be investigated further.

A possible remedy for a serious aluminum oxide and
corrosion problem is the use of an electroless nickel
coating on the aluminum-clad fuel "plates. Recent
developmental efforts®® in this area indicate that 0.5
mils of electroless nickel on aluminom in a deionized-
water environment will provide satisfactory protection
and prevent the growth of aluminum oxide.

Another advanced design feature that tends to al-
leviate problems with the oxide is the incorporation of
longitudinal spacers in the coolant channels between
the fuel plates. Studies®® conducted for the HFIR
indicate that the more uniform channel thicknesses
obtained with spacers result in lower temperatures and
thus less oxide. Furthermore, the substantial increase in
fuel-plate support permits higher plate temperatures
and greater variations in temperature between adjacent
plates.
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APPENDICES

Appendix A

CRITICAL EXPERIMENT DATA

Four sets of critical experiments were conducted in
connection with the HFIR. The first wag a solution
critical that was used to explore basic characteristics of
the flux trap geometry. The second (HFIRCE-2) was a
complete mockup of the core essentials, including the
fuel element. Very extensive iests were conducted on
this assembly. At the conclusion of these tests the fuel
loading was increased from 8.0 to 9.4 kg *** U, and the
radial distributions of the fuel and burnable poison
were changed to some extent. These changes were

- required because of deficiencies in the calculational

techniques and because of changes in criteria. The
control rod design was also changed following the
HFIRCE-2 experimenis because of undesirable re-
activity characteristics and fabrication difficulties.

Because of some concern over the ability to extra-
polate with sufficient accuracy from the HFIRCE-2
conditions to the final design, a third set of critical
experiments (HFIRCE-3) was conducted. With the
exception of the boron loading and the temporary use
of a simulated final control-rod design the HFIRCE-3
components were essentially exact duplicates of the
present HFIR production components.

From the HFIRCE-2 and -3 experimentis the follow-
ing types of information were obtained:

Series of
Experiments

HFIRCE-2 and -3
HFIRCE-2 and -3

Power distributions

Control-rod integral and differential
worths

Shutdown margins

Temperature and void reactivity
coefficients

Fuel reactivity coefticients

Neutron lifetimes

Worths of simulated plutonium
targets (flux trap)

Flux distributions

Worth of beam-tube flooding

HFIRCE-2 and -3
HFIRCE-2

HFIRCE-2 and -3
HFIRCE-2 and -3
HFIRCE-2 and -3

HFI{RCE-2 and -3
HFIRCE-2

A fourth set of experiments was finally conducted
with the HFIRCE-3 fuel elements and Eu,0;-Ta-Al
control rods in the HFIR facility. These tests were
included in the program because of a change in
control-region dimensions, to fill gaps in the previous
experimental data, and to verify that adequate simula-
tion between critical facility and reactor facility really
existed. No changes resulted from these experiments.

During the latter experiments, power distributions,
controlrod differential and integral worths, shutdown
margins, several reactivity coefficients, and simulated-
plutonium-target worths were obtained. In addition
there were many other experiments more closely
associated with reactor startup; however, they will not
be discussed here.

Results from the first three critical experiments have
been published,®'? and as indicated above, these
experiments were duplicated to a large extent in the
final set of experiments. For these reasons only the
HFIRCE4 experiments are discussed in detail here.

In the HFIRCE-2, -3, and <4 experiments a tlux-trap
target simulating a 300-g plutonium target with
maximum reactivity effect was used for determining the
effect of the target on reactivities and power distribu-
tions. The target consisted of aluminum tubes bundled
together with the proper metal-to-water ratio; some
contained a mixture of 235U, 232U, silver, and
aluminum, and some were open ended. For the
HFIRCE-2 and -3 experiments. (performed in the
critical facility) this target was used uncanned, but in
the HFIRCE4 experimerits the target was canned in a
plastic cylinder that provided the optimum void space,
which could be filled with water or air. The plastic
cylinder just fit the flux trap so that no significant voids
could enter the trap region. Since it was also important
that voids not enter the flux trap in an uncontrolled
manner without the target in place, a plastic cylinder
without the target was also fabricated. 1t contained
space for the optimum void associated with no target.
Thus there were four basic types of flux traps con-
sidered in the HFTRCE-4 experiments. In the following
discussions they are referred to as the plastic island



filled with water (PI+W), the plastic island with
optimum void (PI+V), the plastic target filled with
water (PT+W), and the plastic target with optimum void
Fr+v).

A.1 Power Distributions

Recause of the symmetry of the HFIR core it was a
relatively simple matter to obtain power distributions
by exposing fuel foils that were previously punched
from and reinserted into a few of the fuel plates. These
special plates, which were removable, are shown in
detail in Figs. A.1 and A.2. In order to obtain more
detail than provided by the punched foils, several
0.002-in.-thick % g-in.-diam 235U foils were taped to
the surface of the plates near the plate ends. The
locations of these foils are shown in the above figures.

Before being exposed, each of the fuel foils was
carefully counted in a scintillation counter to determine
the weight of 23°U in each. After exposure, the foils
were counted in a large (4-gal) high-pressure well-type.
gamma-ionization chamber in which the count rate was
essentially independent of foil orientation in the
chamber and power distribution within the foil.
Relative power distributions were obtained by compar-
ing the total gamma activity of each foil with the
time-interpolated activity of a normalizing foil that had
been irradiated at the same time and was counted
periodically during the counting of the other foils. A
plot of normalizing foil data as a function of time
indicated a counting accuracy (reproducibility) of
about *1%.

All the fuel plates in both the inner and outer
HEIRCE-3 fuel elements were removable; however,
because of the high degree of symmetry, as few as three
positions in each element would give satisfactory
power-distribution data. In the critical facility, as many
as six positions in each element were used. These
positions are shown in Fig. A.3. They were selected to
look at possible perturbations associated with the
beam-tube facilities and with the longitudinal gaps in
the control rods, as well as to look at the typical core.
Results from the 12 positions indicated that the beam
tubes have essentially no effect on power distribution
and that plate positions la, 37a, 97a, Ib, 78b, and 207b
were sufficient for predicting power-distribution data.
experiments. The circumferential location represented
by positions 97a and 207b constituted the best average
core position, aind therefore all foils in these two plates
were counted. In the other four plates, only the
horizontal midplane foils were counted.

Power distributions were obtained for the clean core
condition and for several different poisoned-moderator
conditions, including the fully withdrawn rod condi-
tion; in all cases the rods were symmetrical. Reproduc-
ibility was investigated for the clean core and the fully
poisoned conditions.

Three clean core power-distribution experiments were
conducted prior to the time boron was used in the
moderator (with the exception of that used in the
HFIRCE-3 critical facility), and another was conducted
after the boric acid rod-calibration experiments. lm-
mediately following the rod-calibration tests and prior
to the latter clean core power-distribution experiment,
the fuel element was washed successively with 04%
HNO;, 0.8% HNO;, armonium hydroxide (pH 10),
and finally 35% HNO;. Only the latter was effective in
removing the retained boron.

Since the boron retention following the rod-calibra-
tion tests appeared to be considerably in excess of that
experienced during the previous critical experiments,
borax (Na, B4 0,-10H,0), which was used in the
HFIRCE-3 experiments, was substituted for boric acid
in the remainder of the power-distribution experiments.
However, there was still a problem with boron reten-
tion, and thus the HNO; rinses were continued. For
this reason there was always some question regarding
the actual value of the metal-to-water ratio, since the
rinses removed part of the aluminum cladding. At the
completion of the experiments and after a final rinse,
several fuel plates were removed and their thicknesses
measured. The results indicated a reduction in plate
thickness of about 0.001 in., teaving a plate thickness
just within minimum thickness specifications. The
effect of the changing metal-to-water ratio on the
power distributions is discussed in the following para-
graphs.

The results from the reproducibility experiments were
very encouraging, indicating that the overall accuracy of
the relative power distribution was about 5% (97% of
the points agree within +5%). There were a few
scattered points that deviated by more than this, but in
iliese cases it appeared obvious that the difference was
due to incorrect foil weights, a change in rod position,
or incorrect hot-foil activity measurements, or combi-
nations of these.

For the clean core condition, five separate experi-
ments with the same island condition (PI+W) were
conducted. The first three were conducted before the
fiest application of boron to the moderator; the fourth
followed the acid rinse after the boric acid rod-
calibration experiments; and the fifth followed the final
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acid rinse. A summary of typical point values and a
simple comparison between sets of data are given in
Table A.l. The data of September 8, 1965, had a
negative bias because of a high-reading normalizing foil.
The data taken on October 21, 1965, showed a negative
bias tor foil positions 3, 4, 5, and 6-OE because
between September 29, 1963, and October 21, 1965,
several acid rinses changed the clean core symmetrical
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rod position significantly and required further insertion
of the rods.

Reproducibility was also checked on the fully
poisoned core (rods essentially fully withdrawn). Two
experiments were conducted; the first was on October 5
and the second on October 13, with the first being
followed by several applications of boron and several
acid rinses before the second was conducted. These

Tabie A.1. Comparison of Sets of Power Distribution Data for the Clean Core Condition and a (PI+W) Target

Relative Deviation from Power Density Relaiive Deviation from Power Density
ol Position Power of 9/10/65 (%) Foil  Position Pow‘er of 9/10/65 (%)
Density Density ~
on 9/10/65 9/B/65  9/9/65 9/29/65 10/21/65 on9/10/65 9I8/65  9/9/65 9/29/65 10/21/65

14E la 1.27 -3 +5 1-0¥ 1b 1.12 -4 +2

2 1.11 -6 +3 -2 1.04 -3 [¢

3 1.03 ) +3 3 3.958 -4 [¢]

4 1.04 -8 0 4 0.881 -2 -2

5 1.04 -5 +1 5 0.854 -3 =2

6 1.10 -4 +3 6 0.847 -1 -4

18 37a 1.28 -3 +3 1-OFE 78b 111 -4 +3

2 115 -9 -2 2 1.06 -3 +1

3 1.06 -6 -1 3 0.969 -2 +2

4 1.02 -3 +1 4 0.918 -2 0

5 1.03 -5 +4 5 0.894 -1 -2

6 1.10 -2 +1 6 0.929 —4 -5

1-1E 97a 1.27 +2 +5 +2 1-0OF 2076 L0 +1 +4 +2
2 1.09 +2 3 +2 2 1.03 +1 +2 0
3 1:.00 +4 +3 +3 3 0.941 +3 +2 -1
4 100 +2 +2 +1 4 0.865 +3 0 —4
s 1Ol +1 0 +1 5 0.911 -8 -9 -6
) 1.09 +2 =7 0 6 0.836 +2 -1 -18
1B 0.826 -1 +2 ILH 0.701 +4 +1

4B 0.641 +2 +2 4B 0.459 +2 0

6B 0.706 0 +2 6B 0.251 +1 +1

1C 1.09 -2 +2 1C 0.909 +1 +4

4C 0.832 +2 +1 4C 0.662 +4 -1

6C 0.912 0 0 6C 0.507 +3

D 1.25 +2 +2 1D 1.06 +1 +3

4D 1,00 0 +3 4n 0.813 +3 +1

&D 1.06 +1 +2 6D 0.715 +2 +2

1E 1.20 0 +3 923 1.02 +2 +2

4E 0.920 +4 +3 48 0.762 +4 +2

6F 1.01 +2 0 6l 0.635 +3 +1

1F 1.61 -1 +3 1 0.861 0 -1

4¥ 0.777 +1 -2 4F 0.586 +3 0

6F 0.857 +1 0 6F 0.418 +10 -3

1G 0.748 -4 +4 1G 0.639 +2 +1

4G 0.581 +2 2 4G 0.363 +3 +3

&G 0.650 +1 0 645 0.144 +5 +13

4A 0.860 +2 0 -4 4A 0.614 +4 +6 -4
4AA 0.588 —4 1] -3 4AA 0.375 +1 +1 -3
4H 0.710 +1 +2 -3 4H 3437 +8 +2 -1
4HH 0.525 +3 +2 -2 0.294 -2 +2 -3

4HH
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results are compared in Table A.2. A negative bias is the upper. This presumably results from the rods being
obs§rved in the outer element that is greater at the ends further inserted during the October 13, 1965, experi-
than at the middle and greater at the lower end than at ment.

Table A.2. Comparison of Sets of Power Distribution Data
for the Fully Poisoned Condition and a (PI+W) Tzrget

Relative Deviation on Relative Deviation on

. s Power 10/13/65 from - . Power 10/13/65 from

Foil Position Density Power Density Foil Position Density Power Density

on 10/5/65 on 10/5/65 (% on 10/5/65 on 10/5/65 (%)
1-1E la 1.27 0 1-OE 1b 1.14 +1
2 1.08 22 2 1.13 0
3 1.02 0 3 1.11 -1
4 1.02 +1 4 1.09 0
5 1.04 -1 5 1.15 0
6 1.10 +1 6 1.32 ~1
1-IE 37a 1.22 +2 1-OE 78b 1.15 0
2 1.05 0 2 1.16 —1
3 0.99 +1 3 1.14 —1
4 1.00 +1 4 1.13 —1
5 1.02 +2 5 1.21 -2
6 1.09 +2 6 1.38 -2
1-IE 97a 1.28 0 1-OE 207b 1.13 0
2 1.06 0 2 1.14 -2
3 1.00 +1 3 1.12 -1
4 1.01 —1 4 1.10 -2
5 1.00 +1 5 1.16 -3
6 1.08 0 6 1.31 -1
1B 0.77 +1 1B 0.76 -7
4B 0.61 +3 4B 0.74 -7
6B 0.67 +3 6B 0.89 -9
1C 1.05 -1 1c 0.98 -5
4C 0.81 0 4c 0.96 —6
6C 0.69 0 6C 1.15 -8
1D 1.22 -3 1D 112 4
4D 0.96 4} 4D 1.07 -5
6D 1.03 0 6D 1.32 —~6
1¥ 1.22 -2 1E 1.12 -4
4E 0.96 -1 4K 1.09 -5
6E 1.05 -1 6E 1.33 -6
1F 1.06 -1 1F 0.99 —6
4F 0.83 -1 4 0.95 -5
6F 091 -2 6F 1.16 -7
1G 0.73 -2 1G 0.78 -11
4G 0.63 0 4G 0.73 ~11
6G 0.68 +2 6G 0.91 -10
4A 0.67 -3 4A 0.80 -8
4AA 0.51 +4 4AA 0.59 -9
4H 0.61 +5 4H 0.73 —12
4HH 0.53 0 4HH 0.57 -12




All but one of the power distribution experiments
was conducted with the (PI+W) target in the island. To
obtain a comparison between target and no target, one
clean core experiment was conducted with the (PT+W)
target.

A few general comments can be. made regarding
azimuthal and longitudinal symmetry. A comparison of
6-0OE foils for plate positions 1b, 78b, and 207b
indicates that there is essentially no effect of beam
holes on power distribution but that the window
between control-rod position quadrants and the greater
water concentration in that area increases the local
power density by as much as 25% and by no less than
5%. The latter value exists with the rods fully with-
drawn, in which case the peaking presumably results

Afrom the greater water concentration associated with

the stationary divider strip between the safety rods. The

‘largest peaking occurs with the rods in their innermosi

critical position (clean core plus maximum fission
target). These effects will have to be considered when
evaluating the overall window peaking problem for
future cores. However, the present core design has
sufficient margin in the area of interest to accom-
modate these local .peaks, since they are no different
than observed in previous experiments.

In the longitudinal direction there is a tendency for
the power density to be greater at the inlet end than at
the outlet because of the slight longitudinal asymmetry
associated with the radial displacement of the safety
rods relative {0 the regulating rod. The effect is more
pronounced for the clean core condition than for the
fully withdrawn-rod condition because as the rods are
withdrawn the “reflector’ asymmetry decreases. An
analysis of the data indicates that for the clean core
plus symmetrical rod condition the power density at
the outlei end of the core is approximately 17% less
than at the inlet end for the inner element and about
28% less for the outer element. When the rods are tully
withdrawn, the corresponding values are about 3 and
11%. These values agree reasonably well with previous
data, and even afler making a correction for inac-

curacies they indicate a significant improvement in heat.

removal (compared with a completely symmetrical
case) in the early part of a fuel cycle.

Figures A.l and A.2 show uranium foils located
beyond the lower end of the fuel core on the removable
fuel plates. These foils were used for determining flux
gradients, which were helpful in extrapolating the other
foil data to the ends of the fuel cores. These data were
also useful in determining end-peaking effects as-
sociated with relative axial locations of adjacent fuel
cores. Fabrication tolerances were such that a single
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fuel core could extend beyond the others by as much as
1.34 cm. The power density at the end of this core
would be considerably greater than for the others.
Figure A4 shows the ??°U fission densities at the
indicated circular-foil locations relative to the values at
the nominal position of the end of the fuel core. It may
be observed that for a 1.34-cm protrusion the increase
in core-edge density, relative to the nominal core,
would be 19 to 50%, depending on the radial position.
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A.2 Moderator-Poison Data

Since the power-distribution data were to be used for
obtaining correction factors for calculated résults,- it
was necessary that the experiments be calculated
accurately; that is, calculated with accurate concentra-
tions, eic. Because the boron would tend to plate out
on the fuel plates and precipitate out with the



aluminum hydroxide that was sometimes present, there
was some question regarding the accuracy with which
the actual effective concentiation could be determiaed.
An accurate account of the weights of material used 1o
make up a solution and the application of correction
factors based on the difference in rod position before
and after an experiment resulted in a comparison
between the boric acid concentrations and the borax
concentrations that is very close. The data are sum-
marized in Fig. A.S. It is believed that these data were
quite satisfactory for their intended purpose.
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A.3 Symmetrical Rod Positions in
Cleau Cove

It is of some interest to discuss the symmetrical rod
positions in the clean core for the HFIRCE-3 element
and rods as a function of time because it sheds some
light on reproducibility, target worths, boron retention,
and effect of source. In many cases the so-called critical
position was obtained witl: the source remaining in the
reflector. On August 27, 1965, the power level at
“criticality™ was increased in increments to determine
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what level was required to make the source negligible in
terms of rod position at “criticality.” The minimum
level corresponded to a reading of about 1 X 1077 on
the micromicroammeter {ion-chamber output). In other
experiments the source was removed.

Table A.3 lists the rod positions considered to be of
particular interest. Reproducibility of rod position at
criticality was very good if the fuel element was not
removed from the core. For instance, rod position
reproducibility was investigated without removing the
fuel element on August 31, Sepotember 13, September
15, and September 16; the rod positions checked within
2 or 3 mils after extensive scramming and fast run-
downs. However, the symmetrical rod positions
achieved after removal and reinstallation of the element
varied from 17.520 to 17.547, which amounts to about
8 cents in reactivity. From August 25 through Sep-
tember 16 the trend seemed to be toward a decreasing
rod position, although maximum and minimum posi-
tions occurred on September 8 and September 9,
respectively.

The above variations can be attributed to many
things: (1) criticality not actually achieved, (2)
tolerances in rod-position indicators, (3) element posi-
tioning within the core, (4) exchange of removable fuel
plates, (5) temperature, (6) radial positioning of control
rods, (7) bubbles on the metallic surfaces, and (8) a
void trapped under the element. Based on observations
of power-versus-time curves (ion-chamber output re-
cordings) during the experiments, it is concluded that
item | would generally account for no more than 3
mils. The good reproducibility obtained following
considerable rod movement but without removing the
element indicates that items 2 and 6 would also account
for no more than 3 mils total. It does not seem
reasonable that item 3 would amount to anything
because of the tight positioning tolerances and the
circumferential symmetry, which negates radial-
displacement effects; in addition, the element was
always located in the same relative circumferential
position. This leaves items 4, 5,7, and 8 as the possible
significant contributors.

The exchange of removable fuel plates should not
account for more than about 0.034 in. (equivalent to
10 cents), based on the permissible variation in fuel and
burnable-poison loadings and distributions. Fuel-plate
inspection records indicate that there was not nearly
this difference in the fuel plates. The biggest difference
in rod position was observed on September 8 and
September 9 (0.027 in.). In that case only two
removable plates were exchanged (one inner and one
outer). Therefore the maximum change in rod position
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Table A.3. Symmetrical Rod: Positions for HFIRCE-3
Clean Cose and Rods in thw HFIR Facility

Conditions
Date Symmetrical Rod lon- Indicated
in Position Target & Chamber Mederator Comments
1965 (in.) Output Temperature
(amp) (W&

825 17.536 (PI+WI(S) 1.2x 1077 27.2 First symmetrical
critical experiment

8/27 17.535 (PIW)(S) 4.9 x 1077 28.2

8/31 17.528 (PI+W)(S) 1% 4077 29

8/31 17.530 (PI+W)(S) 20x 1077 29.6 Check after considerable
rod movement

8/31 17.529 (PI+WHS) 2.0% 1077 30.0 Check after considerable
rod movement

9/2 18.777 (PI+W)H(S) 20x 1077 28.5 ORNL first produciion core

Q/Sb 17.510 (PI+W)(S) 1%x1078 31 HIFTRCE-3 element rein-
stalled; contained four
punched plates with 24
fuel foils and 88 aluminum
foils

9/8 17.547 (PI+W)Y(NS) 1% 107 30.9 Sousce removed at
“criticality”

919 i 17.520 (PI+W)(NS) 1x 107® 30.8 HEFIRCE-3 element rein-
stalted; contained two
punched plates with ail
fue! foils

9/10 17.534 (PT+W)(NS) 1% 107° 28.6 HFIRCE-3 element rein-

' stalled; contained six
plates with all fuel
foils

9/13 17.197 PT+W)(8) 2% 1077 33 HFIRCE-3 element rein-
. stalled ; no punched
plates

9/13 17.197 {(PT+W)(8) g3x 1077 33.4 Check after several
sorams

9/14 16.343 (PT+V)(S) 2% 1077 32.9

9/15 15.850 (PI+V)(S) 2% 1077 33

915 15.847 PL+VI(S) 8x 1077 33 Check after scram

9/15 15.849 (PI+VI(S) gx 1077 33 Check after scram

9/15 15.849 (PI+V)(8) gx 1077 33 Check after fast rundown

9/16 17.520 (PI+W)(S) 30 HFIRCE-3 element vein-
stalled after drilling
vent hole

9/16 17.522 PI+W)(S) 8x 1077 30 Check after scram

9/16 17.520 (PIFW)(S) gx 1077 30 Check after scram

9/16 17.522 (PI+W3(5) 8x 1077 30 Check after scram; last
of the prepoison experi-
ments

9/22 17.722 (PI+W)X(S) 2% 1077 First “clean core” since
boric acid experiments; two
water rinses

9/ 17.718 PIFW)(S) 2% 1077 TWo mote water Tinses

9/23 17.677 (PI+W)(8) 231077 After 0.4% HNOj rinse
in situ

9/23 17.636 (PI+W)(S) 2% 1077 28.5 After 0.8% HNO3 vinsc
in situ

9/23 17.625 PHWIS) 2% 1077 After NH,OH (pH 10.4)
rinse in situ

9/23 17.620 (PI+W)(S) 2x 1077 After NH4OH (pH 10.6)

rinse in situ

2(§) means source in; (NS) means source out.

bon 9/1/65 the drain plug in the bottom of the HFTRCE-3 element was installed. Prior to this time the vessel and element water
were common. After this time a veid was possibly present under the element. On 9/16/65, a vent hole was drilled to elitinate
pussible voids.
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Table A.3 (continued)

Conditions _
. . i - Indicated
Date Synnncmf;\\ Rod lon- Moderator Comments
in P0§Illl)n — Chamber Temperature ommeins
1965 (in.) & Output “0)
(arup)
9/24 17.392 (PI+W)(S) 2% 1077 Reinstalled clement

after 35% HNO3 rinse on

decontamination pad
9/29 17.340 (PI+W)(S) 1x 1078 24.0 Reinstalied clement

after further water

rinse; six punched

plates, all fuel foils

9/29 17.371 (PI+W}(NS) 1x 1078 24.0

9/29 17.371 (PI+W)(NS) 10x 1077 24.8

9/30 17437 (PI+W)(NS) Ix 10 After water rinse fol-
lowing fully poisoned
moderator (first use of
Nay B407)

10/1 17.432 (PL+W)(NS) I1x 1078 After 19 HNOj rinse
in situ

10/4 17.451 (PI+W)(NS) 1x 107 24.0 After 19 HNOj rinse

in situ following fully
poisoned moderator
10/5 17.601 (PI+W)(8) 1x 1077 Reinstalled element
after water rinse and
fully poisoned moderator
10/6 17.535 (PI+W)(MS) Ix107® Reinstalled element
after 10% HNO+ rinse
10/6 17431 {PIHW)(NS) 1x 107* Reinstalled elemeat
after 21% HNOj rinse
10/7 17.611 (PIHWHNS) tx 1078 24.0 Reinstalled element
after water rinse tol-
lowing partialy poi-
soncd moderator

10/8 17.663 (PI+W3(NS) 1x 108 252 Reinstalled element
after water iinse fol-
lowing pastially poi-
soned moderator

10/11 17.265 (PI+W)(NS) Ix107® Reinstalled element
after 21% HNO3 riuse

10/11 17.5585 (PI+WHNS) 1x107® After water rinse in situ
following partially poi-
soned moderator

10/12 17.200 (PIHWY(NS) 1x 1078 Reinstalled element
atter 219% HNOj rinse

10/12 17.335 (PI+W)(NS) 1x108 After water rinse in situ
following fully poisoned
moderator

10/14¢ 16.988 (PI+W)H(NS) 1x 1078 23.0 Reinstalled element
after 21% HNOQj rinse
tollowing fully potsoned
moderator

10/14 16.599 (PT+W)(NS} 1x 1078 23.0

10/15 15.090 {PI+V)INS) 1% 108 23.3 Reinstalled clement

10/20 16.987 (PHW)S) 2% 1677

10/20 16.959 (PI+W)(S) 4% 1077 Reinstalled clement
after water rinse

10/21 16.939 (PI+WH(NS) 10x% 1077 24.6 Reinstalled element
(24 circular foils)

10/22 18.788 (PI+W)(S) 4x 1077 242 ORNL first production core

€On 10/13, following the power distribution run with a fully poisoned moderator, the drain plug was removed and left out for
the rest of the experirents.



associated with this change would be 0.034/6 = 0.006
in., and as mentioned it is expected that it would
actually be significantly less than this.

Differences associated with temperature variations
cannot be accurately accounted for because sufficient
temperature data were not obtained. The only tempera-
ture recorded before the poisoned-moderator experi-
ments was the water temperature just above the top of
the fuel plates. Other important temperatures are those
in the island and in the reflector. Since the istand
consisted of a water-filled plastic container, the ef-
fective island temperature was not necessarily the same
as the vessel water or the fuel-element water tempera-
ture.

Maximum effects from temperature variations were
estimated to be the following:

Change in Rod

Position

in./F)
Tsland ~0.004
Fuel +0.003
Fuel and island ~0.001

In terms of the observed and postulated temperature
changes and differences, the above coefficients are not
negligible. However, the inability to apply this informa-
tion under the circumstances is illustrated by a compari-
son of rod positions achieved with the ORNL first
production element on September 2 and October 22.
The rod positions were only 1 mil different, and yet the
element temperature was different by about 47C.

~The only clue to the possible existence of bubbles on
the surfaces of the various components comes from the

results obtained with the HFIRCE-2 element at the

critical facility. After experiencing inability to achieve
the same rod position following lowering and raising of
the water level in all regions of the core, a very small
amount of wetting agent was added to the water,
presuniably to eliminate a bubble problem. [t was
decided not to use a wetting agent in the HFIR facility
experiments unless there was some further indication
that it was needed. Appropriate tests were not con-
ducted for isolating the bubble variable, and thus it
remained at large.

Another possible bubble problem was associated with
a cavity formed by the fuel-element grid ring and the
bottom of the HFIRCE-3 fuel element. Originally there
was 10 positive provision for venting this cavity unless
the drain plug in the bottom of the HF{RCE-3 fuel
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element was removed. On August 24, when the vessel

was first filled with water for the purpose of achieving

criticality, it was discovered that the bottom of the
element was vented, since water entered the element
unexpectedly. It was later discovered that the drain
plug had been inadvertently left out. On September 1
the plug was replaced, and following this it was
observed that the ratio of ion-chamber output to
fission-chamber output had changed, indicating the
presence of a void under the element. This condition
existed until September 16, at which time a vent hole
was drilled in the bottom flange of the element in such
a way that the cavity could be veanted around, not
through, the element. Thus during the period Sep-
tember 1 to September 16 there was presumably a void
of unknown size and effect under the element. Al-
though the maximum possible size of the void can be
estimated, the actual size is not known because some
venting might have occurred at the element-grid inter-
face. Reactivity effects of voids in this area have never
been determined, but the coefficient is probably very
close to zero.

The tentative conclusion drawn from this brief
discussion and analysis of rod-position reproducibility is
that the variations observed were quite small in terms of
reactivity (8 cents) and appeared to be within limits
associated with known tolerances.

Following September 16, boron was used as a poison
in the fuel-element moderator, and in several instances
retained boron was removed by removing the aluminum
oxide with HNO; solutions. This reduced the metal-to-
water ratio slightly and at the same time probably did
not completely remove all the boron; the two condi-
tions therefore tended to compensate for each other. In
addition, the apparent formation of a very loosely
adherent aluminum hydroxide powder, following the
HNQj; rinses, complicated achieving a supposedly pre-
dictable rod position because the powder, which was
known by chemical analysis to retain some of the
boron, could not always be thoroughly washed out of
the element. Thus, checks on symmetrical rod-position
reproducibility in the clean core after September 16
were not very: meaningful for the HFIRCE-3 fuel
element.

{t is of interest, however, to note that after the boric
acid rod-calibration experiments (first poison experi-
ments in the HFIR facility) and the HNO; ringe on
September 24, the rod position decreased to 17.392
from the previous values of 17.520. The solid residue
(aluminum oxide) was analyzed and found to contain a
relatively high percentage of boron. These results
indicate that there must have been a significant amount
of retained boron in the core at the end of the
HFIRCE-3 critical experiments.
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The change in controlrod position associated with
boron retention appears to be easily distinguishable
from the apparent random variation discussed above
because it is considerably greater. Between September
16 and September 22 the rod position changed from
approximately 17.522 to 17.722 (boric acid experi-
ments); between September 29 and October 5 the rod
position changed from 17.371 to 17.601 (first borax
experiments); between October 6 and October 7 the
rod position changed from 17.431 to 17.611; between
October 7 and October 8 the rod position changed from
17.611 to 17.633; and on October 11 the rod position
changed from 17.265 to 17.555. In the first two cases
the fully poisoned boron solution was in and out of the
element over a several-day period. In the third, fourth,
and fifth cases the boron concentrations in the solution
were in decreasing order, and the solutions were in the
element for only a brief period of time (~2 hr).
Between the third and fourth cases, no acid rinse was
used. It appears from these results that the boron
retention tends to saturate, but time in the element and
the range of concentrations used seemed to have little
predictable effect. However, this is just an observation
and has little bearing on the results of interest.

A.4. Shutdown Margins

As discussed in the text the reactor must be sub-
critical for four specific combinations of conditions. In
the HFIRCE-2 and -3 critical experiments, shutdown
margins for these and other cases were measured
directly by the pulsed-neutron technique. These data
were then extrapolated to the actual HFIR conditions.
Of cousse the real proof of shutdown margin adequacy
was obtained from the HFIRCE4 experiments in the
actual HFIR facility. These results are discussed below.

Even in the actual reactor facility there are problems
associated with extrapolation to the most reactive
combination of conditions and tolerances. In this
particular situation it was possible to “measure” the
shutdown margin for the nominally most reactive case
(case 1V), but there was still some question regarding
the effect of boron retention and acid rinses.

The change in reactivity of the HFIRCE-3 element as
a result of exposure to the boric acid and borax
solutions and the nitric acid rinses while in the HFIR
facility was about

(17.530 — 16.959) in. X 2.90 i
in.
Ak . .
X 0.0071 _~Sw =0.571 in. X 0.0206 Ak/in.

= +0.012 Ak

The first nitric acid rinse increased the neutron multipli-
cation factor by about

(17.530 — 17.371) X 2.90 X 0.0071
, Ak
=0.159 in. X 0.0206 —
m.
= +0.003 Ak .

If it is assumed that the latter rinse removed essentially
all the retained boron accumulated up until that time,
the difference between 0.012 Ak and 0.003 Ak would
be attributed to a decrsase in the metal-to-water ratio.
The ““void” coefficient that corresponds to the uniform
removal of small amounts of aluminum from the fuel
element is 1.6 X 107 Ak/in.®. To account for the
0012 — 0.003 = 0.009 Ak, 0.009 Ak/l.6 X 107
Ak/in® = 56 in.® of aluminum would have to be
removed. This amounts to (56 in.* X 16.4 cm®/in.? /25
X 10 em®) X 0.050 in. = 0.0018 in. of fuel-plate
thickness, which appears quite reasonable in view of the
oxide thickness. It is known froim observations that
most of the oxide was removed during some of the
rinses and reformed afterward. In addition, an amount
of solids was collected which, when roughly extra-
polated to include the solids that were not collected,
appeared to be consistent with the above calculated
volume.

To check on the change in plate thickness several of
the permanent fuel plates were removed on November 2
for thickness measurements. The results indicate that
the plages are still within the specified tolerances (0.50
+ 0.001 in.) but that the average thickness was
decreased from 0.0505 to 0.0495 in. This is about 56%
of the above predicted change based on the change in
control-rod position. The discrepancy is probably as-
sociated with the fact that no means was available for
making a precise check on the change in average
fuel-plate thickness. Thus it appeared that from the
standpoint of metal-to-water ratio the “cleaned”
HFIRCE-3 element represented the most reactive state
permissible  within  specified fuel-plate  thickness
tolerances.

The only shutdown margin of the four cases actually
measured was that for case IV, which is the iost
reactive case for which the reactor must be subcritical.
In this case the reactor should be subcritical with the
regulating rod at the symmetrical, clean core, critical
position, with one of the safety rods fully withdrawn,
the other three safety rods fully inserted, and the
maximurm fission target (containing no voids) in the
island. Based on previous experiments and on analysis
of tolerance reactivity effects, it was determined that
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the shutdown margin for the HFIRCE-3 element in the
HFIR facility should be about 0.022 Ak with nominal
fuel-plate thickness and about 0.010 Ak with minimum
fuel-plate thickness. Since the worth of the optimum
void in the target was known to be 0.015 Ak, it was
decided 1o add the optimum void to case IV as a first
check ou shutdown capability. Under these conditions
the reactor was subcritical, and the extent of sub-
criticality was determined through the use of the
Rhoette to be 1.04% X 0.0071 Ak/$ = 0.007 Ak. Thus
the “measured” shutdown margin for the HFIRCE-3
element in the HFIR facility was 0.015 + 0.007 =0.022
Ak for case 1V.

As indicated above, the ditference in control-rod
position before and after the acid rinses was equivalent
to a reactivity addition of about 0.012 Ak. Thus the
“cleaned” core would have the desired minimum
shutdown margin of 0.010 Ak. This was verified by a
Rhoette reading taken after the final rinse that in-
dicated a shutdown margin of about 0.013 Ak/k for
case {V.

The reactivity difference between the HFIRCE-3 core
when considered as being a nearly minimum reactivity
core and a similar maximum reactivity core is 0.0215
Akfk. Thus an actual production core would have to
have 0.0215 - 0010 = 0.0115 Ak/k more in negative
reactivity to assure a shutdown margin for case IV. This
was provided by adding 0.68 g more '°B to the

burnable poison, making a total *°Bloading of 2.80 ¢ -

for the production cores. Under thes¢ exact conditions
a production core exposed to case 1V would have
exactly zero shutdown margin. However, because of the
conservatism associated with the specified tolerances, it
is expected that the margin will always be significantly

greater than zero. As an example, the {irst production .

core (containing 2.8 g '°B) was installed with the
HFIRCE-3 modified Eu, O5-Ta-Al control rods, and the
case IV shutdown margin was determined, with the
Rhoette, to be about 0.021 Ak/k. Of ali the cores
fabricated to date and reactivity-checked against a
standard in a special critical facility (about 56 cores)
the first was the least reactive. However, the most
reactive was more reactive than the first by only 0.006
Ak/k. If a core should happen to be out of tolerance
with respect to reaciivity, the preoperational criticality
check would presumably identify it as such, in which
case the core would be rejected or used with an
acceptably lower reactivity assembly.

A.S Control-Rod Differential Worth

Differential worth of the control rods was determined
for different rod positions by maintaining criticality
with the rods (asymmetrical rods) and also by sup-
plementing the control with boron in the confined
moderator (approximately symmetrical rods). The
former type of rod calibration was pertormed at the
HFIR facility before any of the boron experiments
were conducted. Therefore these experiments provided
data with which to compare the reactive state of the
HFIRCE-3 and HFIR facilities. A summary of these
data is presented in Fig. 6.1. As indicated, the agree-
ment between the results for the two facilities is very
good. A comparison of the dashed curves, representing
the HFIRCE-3 data, with the solid curves presnmably
shows the effect of the different coolant channels in the
control regions of the two facilities. As was expected,
this difference tended to reduce the worth of the safety
vods in the HFIR facility. The differences observed in
the differential worth curves are probably within the
degree of accuracy associated with the experiments;
however, the rod-position data should be accurate
enough to indicate a real difference

At symmetrical criticality the rod positions in the
HFIRCE-3 were 15.68, and in the HFIR they were
17.531. To compare these positions the HFIR value
should be decreased by 2.000 in. because of the bias in
the rod position indicators, and it should be increased
by 0.155 in. to correct for dimensional changes
associated with the modification of the HFIRCE-3 rods
for HFIR use. Thus, for comparison the HFIR rod
positions should be 15.69, which indicates satisfactory
agreement with the HFIRCE-3 rod positions,

Differential rod-worth data obtained for symmetrical
rod positions .with boron in the moderator as a
supplementary poison are shown in Fig. 6.2. {t may be
observed that with the rods withdrawn to 27.00 in. the
differential worth of the safety rods is 12 centsfin.,
which is the valne assumed in the HF IR analog transient
analysis. The slope of the right-hand portion of the
curve in Fig. 6.2 is significantly greater than assumed in
the transient analysis, and thus at least for a new set of
rods the actual available rod worth during a transient
will be greater than used in the calculations.

[t is of some interest to compare the above curves
with the results obtained at the HFIRCE-3 facility with
the same element and rods. Results from the latter are
shown in Fig. A.6. It may be noted that for the fully
withdrawn rod position (25.00 in.) the safety-rod
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differential worth is 15 cents/in. instead of 12 cents/in.
Assuming that the accuracy of the results permits, the
difference is attributed to the difference in control-
region coolant gaps and water content, and this is at
least consistent with the predicted trends.

A6 Worth of Target and Voids
in the Island

The reactivity worths of voids and the HFIRCE-3
target in the island can be derived from the information
in Table A.3 and Fig. 6.2 and are summarized in Table
A4. The worth of the (PT+W) target relative to the
(PI+W) target is obtained from two sets of data
(September 10—September 13 and October 14):

(17.534 - 17.097) in. X 2.80 %
.
Ak
X 0.0071 = =0.0067 &k ,
(16.988 — 16.599) X 2.54 X 0.0071 = 0.0070 Ak .

The experiment of September 10—September 13 in-
volved replacement of the element and six removable
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Table A4A. Summary of Reactivity Worths
and Cocfficients

(PT+W) — (PI+W)
(PT+V) — (PT+W)
(PI+V) - (PI+W)
Vuel coefficient®

+0.0070 ak/k
+0.015 akik
+0.032 ak/k

+3.72 % 1075 (ak/k)/g 22°U
+0.0966 (ak/K)/(Am/m)
+1.09 X 1075 (Ak/kY/g 2>°U
+0.0744 (Ak/K)/(Am{m)
+0.171 (Ak/K)/{Am/m)

Inner element
Outer element

Total average
Fuel-plate coefficient®
-0.0458 (ak/kK)/(AV/V)
872X 1075 (ak/k)/in?
—0.113 (Ak/K)/(AV/V)
“11.6 x 107° (ak/ky/in®

Inner element
Quter clement

Fuel-region aluminum coefficient®
Inner element 0.104 (Ak/K)/(AV]V)
~16.7 x 107% (ak/k)/in3

—0.188 (Ak/K)/(AV/V)

~15.9 X 1075 (ak/k)fin.?

QOuter element

Fuel-region void coefticientd
[nner element
OQuter element

—0.080 (AK/X)/(AV/V)
—0.170 (Ak/K)/(AV/V)

am refers to weight of fuel in specified region.
bV refers to active volume of fuel plate.

°V refers to the entire volume of fuel plate.
94V refers to the volume of water.

fuel plates, whercas the October 14 experiment did not.
The October 14 value is the same as measured in the
HFIRCE-3 critical experiments.

The worth of the void in the target was obtained from
the September 13—September 14 data set:

(17.197 --16.345) X 2.52 X 0.0071 =0.015 Ak,

which is the same as obtained in the HFIRCE-3 critical
experiments.

The worth of the void in the island without the target
was obtained from the September 15--September 16
and October 15—October 20 data sets:

(17.520 — 15.850) X 2.56 X 0.0071 =0.030 Ak ,
(16.987 — 15.090) X 2.34 X 0.0071 = 0.032 Ak .

The value obtained from the HFIRCE-3 critical experi-
ments was 0.031 Ak.

A.7 Worth of Fuel Plates, Aluminum Piates,
and Fuel in the Fuel Element

A summary of the worths and associated coefficients
is presented in Table A.4. The removal of the six fuel



plates from the inner fuel element resulted in a
reactivity addition of 0.0377 dollar per plate, while the
six removed from the outer element added 0.0433
dollar per plate. Removal of six aluminum plates from
the inner element added 0.0860 dollar per plate, while
three aluminum plates removed from the outer element
added 0.0717 dollar per plate. Therefore in the inner
element the fuel and boron alone are worth

. ; 5 Ak
(0.0377 -~ 0.0860) ~— X 0.0071 —-
plate $

= (.000343 Ak per plate .

The worth of the boron was calculated to be

1X10°%B
171 plate

0.00038 Ak X

=0.000222 A k per plate .
Thus, the fuel worth is
0.000343 +0.000222 = 0.000565 Ak per plate

or

A Jate
0000565 2K« —..Plate

=372
plate

1518 ¢ 2350
X 1075 (Ak/K)/g 25U

ar

Ak
0.000565 - - X 171 plates = 0.0966
plate

X {Ak/k)/(Am/m) .

For the outer element the corresponding values are
(6.0433 -~ 0.0717) X 0.0071/18.44 =1.09
X 1075 (Ak/k)g 235U
or

1.09 X 1075 X 18.44 X 369 = 0.0744 (Ak/k)/(Am/m) .

Therefore, the total average coefficient for the core
{both elements) is

0.0966 + 0.0744 = 0.171 (Ak/K)}/(Am/m) .
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The calculated value was .15, and the value de-
termined in the HFIRCE-2 critical experiments (8-kg
core) was 0.167 (Ak/K)/(Am/m).

For purposes of evaluating reactivity accidents as-
sociated with fuel-plate melting, fuel-plate coefficients
can be obtained directly from the above data. The
following coefficients are based on the active volume of
the plates:

Inner element,

$ Ak/k

0.0377 — X 0.0071 —— X 171 plates
plate b
= -0.0458 (AK/K)/N(AVIV)
or
) plate
0.0377 X 0.0071 X ———— =872
3.07 in.

X 1075 (Ak/K)/in.” .
Outer element,

0.0433 X 0.0071 X 269 = --0.113 (Ak/K)/(AV/V)

or

. plate
0.0433 X 0.0071L X 2y
2.661in.

=116
X 107% (Ak/k)fin.” .

It should be pointed out that according to calcula-
tions these latter coefficients become positive after
about 2.5% Ak has been added by uniform removal of
fuel plates. The Volume associated with the 2.5% Ak is
about 30%.

Aluminum coefficients, which are nearly the same as
void coefficients, are the following:

Inner element,

3 Ak/k
0.0860 —— X 0.0071 — X 171 plates
plate $

= —0.104 (Ak/K)/(AV/V)
or
_plate

0.0860 X 0.0071 X —~———3
3.65 in.

=167

X 107 (Ak/k)/in? .



QOuter element,
0.0717 X 0.0071 X 369 = —0.188 (Ak/K)/(AV/V)

or

1
0.0717 X 0.0071 X o1 —15.9 X 107° (Ak/k)/in.3 .

To convert these to void coefficients a correction
should be made for the absorption in aluminum. This
can be estimated from the following:

Inner element,

(0.0301 at./brcmn) X 0.150 b

0.19 cm™! =+0.024 (Ak/K)AV/V) .

Outer element,

0.0301 X 0.150

=40.018 (Ak/k)/(AV/V).
T (KK (AV/V)
After making these corrections, the void coefficients
become the following:

Inner element,
—0.104 +0.024 = --0.080 (Ak/K)/(AV/V) .
Quter element,
—0.188 +0.018 = -0.170 (Ak/k)/(AV/V) ,

where V refers to the volume of water. If the
coefficients are to be based on total region volume
(plate + water), these values should be multiplied by
2.0.

A.8 Temperature Coefficients

Temperature coefficients were measured in the
HFIRCE-2 experiments only, with the exception of an
jsothermal measurement in the reactor facility. The
HFIRCE-2 experimental apparatus was set up in such a
way that the moderator within the bounds of the outer
side plate of the outer element and the inner side plate
of the inner element and a bottom blind flange could be
circulated separately from the water in the island,
control region, and external reflector regions, all of
which had a common circulating system. The two side
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plates mentioned above were each composed of two
concentric cylinders that were separated by a narrow air
gap. The air gaps provided thermal insulation, and the
separate circulating systems made it possible to heat or
cool the fuel- and reflector-region coolants separately.
Thus it was possible to maintain different temperatures
in the fue| and reflector regions.

The temperature-coefficient experiments consisted of
heating the fuel region a few degrees above the
reflector-region temperature and then allowing the
reflector-region temperature to rise to the same as the
fuel-region temperature. Changes in reactivity were
determined from critical control-rod positions. Results
obtained from these experiments with and without the
target in the island are shown in Figs. 9.1 and 9.2.

The source of error in an experiment of this type is
the difference in differential expansion of core support
and control-rod drive mechanisms between the critical
facility and the actual reactor. The effect of such
differences had been estimated to be quite small, and
the isothermal experiments in the reactor confirmed the
estimate. In the range 80 to 120°F the HFIRCE-2
isothermal coefficient was 1.2 X 107° to —2.2 X
107> (Ak/k)/°F, whereas in the reactor facility the
change in reactivity over the same temperature range
appeared to be essentially zero or perbaps slightly
positive. Of course a slightly positive isothermal coef-
ficient is not troublesormie because the fuelregion
coefficient, which is relatively prompt, is quite negative.

These experiments were conducied for clean core
conditions ouvly and thus did not provide information
for later times in the fuel cycle. It was necessary to
resort to calculations for this type of information, and
it was believed that the calculated difference in coef-
ficients between clean and spent core was reasonably
accurate. The calculations indicated that the fuel-region
negative coefficient at the end of the fuel cycle was
about one half that at the beginning of the fuel cycle.

A.9 Neutron Lifetime and Effective
Delayed-Neutron Fraction

The prompt neutron lifetiine was determined with the
aid of results from the HFIRCE-2 pulsed-neutron
experiments. For a critical system the following rela-
tionship is obtained for the neutron-density decay rate
following a neutron pulse, provided the relatively
short-term higher modes of decay are insignificant:

A= Begile
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where

A = decay constant,
Begp = effective delayed-neutron fraction,

¢ =neutron lifetime.

The value of X was determined from the slope of the
decay curve, and B¢y was calculated. Measured values
of A are shown in Fig. A.6 for different positions of the
control rods. For comparison, calculated values of X are
also shown in Fig. A.7. Calculated and “measured”
values of B,p¢ and € are shown in Table A.5.

A.10 Description of HFIRCE-4
Physical Characteristics

Since considerable effort was expended in obtaining
useful and accurate experimental data trom the HFIR
critical experiments, it is possible that others will be
interested in trying their calculational techniques on.
HFIR. For this reason a detailed dimensional and
material description of the HFIRCE4 experimental
core is given herein. Figure A.8 shows the dimensions of
the “microscopic” regions used in most of the calcula-
tions; Figs. A9 and A.10 show the specified nominal
radial fuel and burnable-poison distributions; and Table
A6 gives the material densities for the regions specified
in Fig. A.8.

Table A.S5. Calculated and “Measured”

Values of £ and Bor
. A Measured B¢ ¢ “Measured™ ¢ Caleulated
“ontrol- “ondit . eff
Conirol-Rod Condition (sec 1) Calculated {usec) {usec)
Black (fully inserted) 0.00629 35
Gray (clean critical) 213 0.00704 33 38
White (fully withdrawn, 98.5 0.00714 74 76
poisoned moderator)
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Table A.6. Material Densities and Dimensions of Regions in Fig. A.8

Location of Upper

. and Lower Region Composition
Region Outside Boundaries Relative Two-Dimensional Model One-Dimensional Model
Number Radius to Horizontal Concentration Concentraii
(cm) Midplane (cm) Element ’ (at. /b'c‘m) Element ,o(ri;e/r;iz:;on
Upper Lower

1 5.0 25.4 254 3 383% 1072 Same as two-
0 1.92x 1072 dimensional model
Al 2.36 x 1072 through region 21
tog 1184 % 107° :
Iy 48 % 107°
109 Ag 7.32% 1077
235y 5361 % 107°
238y 825 % 107°

2 6.4 H 6854 x 1072
o) 3.427 % 1072

3 7.14 H 1.074 x 1072
o 537% 1072
Al 48x 1072

4 15 25.4 ~25.4 H 3333 x 1072
0 1667 X 1072
Al 3.0l % 1072
10p 1.5448 x 1073
Iy 6.257x 1075
234y 2207 X 1078
35y 2.057x 107*
236y 8.82x%x 1077
238y 1.192 % 1073

5 8.0 25.4 -25.4 H 3.333% 1072
0 1.667 % 1072
Al 3.01% 1077
10y 1.3404 x 107°
p 5429 x 107°
234y 2.693 x 10°°
235y 251% 107
236y 1.077 % 107°
233yg 1.454 x 107°

6 8.3 25.4 ~25.4 H 3333 % 1072
0 1.667 % 1077
Al 3.01x 1072
1og 1.1117 x 1073
g 4503 % 1075
234y 3.252x 1078
235y 3.031x 107*
236y 130 % 107
238y 1.756 x 1075

7 9.5 25.4 -25.4 H 3333x 1072
0 1667 x 1072
Al 3.01% 1072
10y 7.847 % 1078
g 3.178 X 1073
234y 4.04 x 107¢
235y 3765 x 107
236y 1.615x 1078

238y 2181X 107°
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Table A6 (continued)

Location of Upper

X Outside and Lower Region Composition
Region Radius Boundaries Relative Two-Dimensional Model One-Dimensional Model
wo mensiona ade ne imensiona. oae
Number (cm) to Horizontal — - -
MO e IO g Coretrton
Upper Lower o .
8 10.5 25.4 -25.4 H 3.333x 1072
0 1.667 X 1072
Al 3.01%x 1072
log 4658 x 107
Iy 1.887x 1073
234y 4807 X 1070
235y 448x 107
236y 1.922 % 10°°
238y 2.596 X 1073
9 11.5 25.4 254 H 3.333x 1072
o) 1.667 x 1072
Al 3.01x 1072
1og 4373 x 107°
N 1.771 X 107°
234y 4877 % 107°
235y 4545 x 107*
236y 1.95x 107
238y 2.633x 10°°
10 12.0 25.4 -25.4 H 3.333x 1072
0 1.667 x 1072
Al 3.01x 1072
10y 6.089 x 107°
Iy 2466 X 1075
234y 4.475x 107°
235y 4171 x 107
236y 1.789 x 1079
238y 2.417x 107°
11 12.6 25.4 ~25.4 )3 3333x 1072
0 1.667 x 1072
Al 3.01x 1072
10g 8.051x 107°
Lig 3.261x 1075
234y 3.989 x 1076
235y 3.718 x 1074
236y 1.595 x 107¢
233y 2154 x 1073
12 15.15 30.48 ~30.48 H 2.75x 1072
0 1375 x 1072
Al 3.534 x 1072
13 15.5 25.4 ~25.4 H 3.333x 1072
0 1.667 x 1072
Al 3.01x 1072
234y 4528 x 107°
235y 422x 107°
236y 1.81% 107
238y 2445 % 1075
14 16.0 254 -25.4 H 3.333x 1072
0 1.667 X 1072
Al 3.01x 1072
234 5.422% 107°
235y 5.053x 107*
236y 2.168 X 107

238y 2928 % 1075
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Table A.6 (continued)

Location of Upper

Composition

. Qutside and Lower Region -
l?eglon Radius Boundaries Relative Two-Dimensional Model One-Dimensional Model
Number (cm) \T Hﬁrizon‘tal Concentration Concentration

Midplane (cm) Element (at.fbrcm) Element (at./b cm)
Upper Lower

15 16.5 25.4 .25.4 H 3.333 X 1072
0 1.667 % 1072
Al 3.01% 107
234y 6.375 % 1076
235y 5.941 x 1074
235y 2.549 x 1078
238y, 3.442 X 1077

16 17.5 254 ~25.4 H 3.333% 1072
) 1.667 x 1072
Al 3.01 x 1072
234y 724 % 107°
235y 6.747 % 107*
236 2.894 x 107
238y 3.900 X 107

17 18.5 25.4 254 H 3333 x 1072
0 1.667 X 1072
Al 3.01x 107
234 6.975 x 1078
235 6.50x 107*
236y 227x107°
238y 3.066 x 107°

18 1905 25.4 ~35.4 H 3.333 % 1072

0 1.667 x 1072
Al 3.01 % 107?
234 5.678 x 107°
235y 5292 % 107
236y 227 % 107¢
238y 3.066 X 1075

19 20.0 25.4 -25.4 H 3333 % 1072

0 1.667 x 1072
Al 3.01x 1072

234y 4448 x 1078
238 4.145%x 107
236y 1.778 X 1678
238y 2402 % 107°

20 20.3 25.4 254 H 3333 x 1072

0 1.667 X 1072
Al 3.01% 1072

234 3.634 % 1076
235y 3.387 x 107%
236y 1.453 x 107¢
238y 1962 x 107°

21 21.0 25.4 -25.4 u 3.333x 1072

0 1.667 % 1072
Al 3.01% 1072
234 2.895 % 107°
235y 2698 x 107*
236y 1.157 x 1076
238y 1.563 % 1075
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Table A.6 (continued)

Location of Upper

Region Outside and Lower Region Composition
Number Radius Boundarl(:.s Relative Two-Dimensional Model One-Dimensional Model
{em) to Horizontal Conc-"nh‘atio;; Concentration
Midplane (crm) Element (at. /b em) Element (at./bcm)
Upper Lower
221 228 Variable H 2.067 X 1072 YFor regions 22-I
0 1.033% 1072 through 24-O
Al 4237 X 1072
231 22.8 Vaiiable H 2.067 X 1072
0 1.033 % 1072
Al 3.617 X 1072
(Length is 5 inches) 1811y 5.683 % 1072
24.] 22.8 Variable H 1.956 X 102
0 9.78 x 1072
Al 4337x 1072 H 2.38x 1072
10g 2.632 % 1073 0 1.19 x 1072
Al Variable
18ty Variable
22-0 24.15 Variable H 2783 % 1072
0 1.391 x 1072
Al 3.404 X 1072
23-0 24.15 Variable H 2783 % 1072
0 1.391 x 102
Al 2.601 X 1072
(Length is 5 inches) 181p, 7708 x 1073
24-0 24.15 Variable H 2.645 X 1072
0] 1.3225 x 102
Al 3.528 x 1072
10p 3.394 x 1073
25 33.0 30.48 ~30.48 H 3.28x 1073 Same as two-
O 1.64 x 107 dimensional model
Al 552x 107 through region 27
Be 1.167 x 107"
26 54.0 30.48 30,48 u 9.94x 107°
0 497 % 107
Al 56%x 107
Be 1.208 x 107!
B.L.* 1.000 x 10°
27 H 6.666 X 1072
0 3.333 X 1072
28 5.0 40.0 25.4 H 3.83x 1072 Not applicable
o] 1.92x 1072 through region 31
Al 236X 1072
29 12.6 30.48 25.4 H 3.333x 1072
0 1.667 x 1072
Al 3.01X 1072
30 21.0 30.48 25.4 H 3.333x 1072
0 1.667 x 1072
Al 3.01 X 1072
31 21.0 30.48 H 6.666 X 1072
o) 3.333 x 1072
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Appendix B
NUCLEAR CALCULATION TECHNIQUES

During the early phases of the HFIR design, many
nuclear parameter studies were conducted, and most of
the calculations were made with a two-group one-
dimensional diffusion code. In order to assess the
accwracy of a particular code prior to the time that
HFIR critical experiment data became available, more
sophisticated codes were used in a few cases, and
Russian flux-trap criticals were also examined. All this
work is discussed in detail in Ref. 5.

More recently MODRIC?® and MODBURN?7 were
adopted as the “work-horse” codes. They are multi-
group one-dimensional diffusion codes, with MODBURN
being the depletion version of MODRIC. Considerable
emphasis was placed on the one-dimensional code
because two-dimensional depletion .calculations in suf-
ficient space detail to account for nonuniform burnup
were economically unattractive. As explained in
Chapters 7 and '8, axial power distributions during a
fuel cycle were estimated with the aid of critical-
experiment data. Of course a few two-dimensional
calculations were made, and in mosi of these cases
EXTERMINATOR,?® a multigroup diffusion code, was
used. As discussed in Chapter 7 reasonably good results
in terms of power distribution and neutron multiplica-
tion were achieved with these techniques.

B.1 Depletion and Fission-Product
Chains in MODBURN

The model used for calculation -of the HFIR fuel
cycle included two fissite, four fission-product, and one
burnable-poison chain. The fissile chains considered
were

log — o] (o — o¢)

234U a 235U 236U LOSS
WA / X / \rf /crf
(08S LOSS  LOSS LOsS
and
. (oq —0o¢)
2By ol + 0SS
(2) A ag
LOSS 1053

The fission-product chains considered were

148m,

P
69/.«/;\1 Jo
7 - Loss ¥
() 1*Tnd targ, o gp %9 tasp 1395,
/)x O
LOSS LOSS
Y
(2) *3'em Ao t5tgm 7 LO3S
I |7
) 135 LINSE % LOSS
and
@ lyLL.FF‘
LLFP

where LLFP is long-ived fission products.
The burnable-poison chain used was

0,
togoB s
B > Loss .

Chain number 4 is for the nonsaturating fission
products. One such atom was born per fission and was
not destroyed.

B.2 Cross Sections

For the MODRIC and MODBURN calculations, 32
nonthermal and one thermal group of neutrons were
used, with the thermal-group upper energy being 0.414
ev. The nonthermal group cross sections were calculated
with GAM-1® and the thermal cross sections with
THERMOS *? The axial buckling was determined from
a calculation of an HFIR critical assembly with the rods
out and with criticality maintained with soluble poison
in the moderator. It was assumed that the axial
buckling was independent of energy, radial position,
and time in the fuel cycle.

When making the THERMOS calculations, the core
geometric-region division was as shown in Fig. B.I. In
this particular case the entire core was treated as a unit
cell to make it possible to calculate the thermal
spectrum and thus thermal cross sections as a function
of radial position. For the GAM calculations a single
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Fig. B.1. Core Geometric Region Division Used in THERMOS Calculations.

region (point calculation with provision for buckling
addition) having the compaosition of the fuel annuli was
used. Nonthermal cross sections for all regions were
based on this spectrum. The fine-group structure used
in GAM and the condensed group structure used in
MODRIC and MODBURN are given in Table B.1.

The particular version of THERMOS used for the
HFIR calculations provided 30 neutron groups, 25
space points, and 7 mixtures. The scattering models
used were the Brown and St. John form of the free-gas
kernel®! for everything but water and the Nelkin®*?
bound-proton scattering kernel for water.

When preparing cross sections for MODRIC it was
assumed that the only microscopic cross sections that
varied radially within a fuel annulus were those for
235y, 198, and '3°Xe. Typical radial variations
calculated with THERMOS are shown in Figs. B.2, B3,
and B.4. Thermal cross sections for the other materials
were averaged over spectrums corresponding to each of
the other regions and to each of the two fuel annuli.

‘The thermal-group transport cross sections for all
material but water were obtained from

o = 0 (1 o) + 020, ,

where o, and o, are the scattering and absorption cross
sections from THERMOS. For water it was found that
much better agreement between calculated and
measured power distributions was obtained if ¢, was
assumed equal to ¢ . Thus this deviation from the usual
presciiption was used in most of the calculations.

Input microscopic cross sections for the THERMOS
calculations were taken from several sources. Most of
the 1/v cross sections (H, 0, B, 236U, 238U, Al, Be,
1817, 199A0) were obtained from Ref. 43; 147Pm
and 1*®Pm were also assumed to be 1/v, and their cross
sections were fabricated from data given in Ref. 44;
2350 cross sections were taken from Ref. 40, and the
remaining non-1/v cross sections (23*U, '*°Sm,
151gm, 135Xe) were obtained from Ref. 45. A cross
section of 40 b was estimated for the lumped non-
saturating fission products, primarily on the basis of
data given in Ref. 46.

Most of the cross sections used in the GAM-I
caleulation were those already in the GAMI library.*”7
These cross sections, as well as those used in THERMOS
were reviewed and updated*® several times by ORNL
during the design and analysis of the HFIR. When
revised cross-section compilations became available they
were used. However, these revisions made little dif-
ference in the results of the reactor calculations.

In the course of these studies, five different sets of
THERMOS cross sections and two sets of GAM cross
sections were calculated. Four of the THERMOS and
one of the GAM sets were for the room-temperature
critical experiments, in which case different moderator
soluble-poison  concentrations required  different
thermal sets. The other THERMOS and GAM sets were
calculated for a partially burned (9-day-old) core at 100
Mw. These cross sections were used for the fuel-cycle
calculations without further consideration for variation
in cross sections with time in the cycle.
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Table B.l. Comparison of GAM-1 and Modric-Modbutn Neutron-Energy Group Structure

Modric-Modburn ~ GAM-I , Lethargy E, Energy Modric-Modburn GAM-I u, Lethargy E, Energy
Group Group (Lower) (Lower) (ev) Group Group (Lower) (Lower) (ev)
1 1 0.258 7.79 x 10° 17 37 9.25 961
2 0.50 6.07 % 10° 38 9.50 748
3 0.75 4.72 % 10° 18 39 9.75 383
4 1.00 3.68 x 10° ; 40 10.00 454
2 5 1.25 2.87 % 10° 19 41 10.25 354
6 1.50 2.23x 10° 42 10.50 275
7 1.75 1.74 X 10° 20 43 10.75 215
8 2.00 1.35 x 10° 44 11.00 167
3 9 2.25 1.05 X 10° 21 45 11.25 130
10 2.50 8.21 x 10° 46 11.50 101
4 11 2.75 6.39 % 10° 22 47 11.75 78.9
12 3.00 498 x 10° 48 12.00 61.4
5 13 3.25 3.88 x 10° 23 49 12.25 47.9
14 3.50 3.02 x 10° 50 12.50 37.3
6 15 3.75 2.35x 10° 24 51 12.75 290
16 4.00 1.83 % 10° 52 13.00 22.6
7 17 4.25 1.43 x 10° 25 53 13.25 17.6
18 4.50 1.11 % 10° 54 13.50 13.7
8 19 475 8.65 % 10% 26 55 13.75 10.68
20 5.00 6.74 x 10* 56 14.00 8.32
9 2t 5.25 525 % 10% 27 57 14.25 6.48
22 5.50 4.09 x 10* 58 14.50 5.04
10 23 5.75 3.18 x 104 28 59 14.75 3.93
24 6.00 248 x 10% 60 15.00 3.06
11 25 6.25 1.93 x 10% 29 61 15.25 2.38
26 6.50 1.50 x 10% 62 15.50 1.86
12 27 6.75 117 % 10? 30 63 15.75 144
28 7.00 9.12 % 10° 64 16.00 1.125
13 29 7.25 7.10% 10° 31 65 16.25 0.876
30 7.50 553 % 10° 66 16.50 0.683
14 31 7.5 4.31 % 103 32 67 16.75 0.532
32 8.00 3.36 % 10° 68 17.00 0.414
15 33 8.25 2.61 % 10° 33 Thermal Group
34 8.50 2.04 x 10°
16 35 8.75 1.59 x 103
36 9.00 1.23 % 10°

The two-dimensional calculations were made with
four groups of neutrons, and the cross sections were
generated with cylindrical and slab- MODRIC calcula-
tions. No attempt was made to obtain appropriate
selfshielding factors for the black portion of the
control rods that extended into the core region. This
apparently accounts for the relatively poor agreement
between calculated and measured power distributions
near the control rods, particularly in the core outer
cOorners.

Self shielding of the fuel and burnable poison in the
fuel plates was investigated early in the studies with
SWAPS,*® a one-dimensional slab-geometry transport

code. The results of these calculations for the thickest

section of fuel are shown in Fig. B.5. As indicated the

moderator average flux is only 5% greater than the fuel
average flux. Everywhere else along the length of the
involute plates the ratio is even smaller because of the
thinner sections of fuel. Thus the self shielding in the
fuel plates was neglected.

B.3 Temperature-Coefficient Calculations

Farly attempts to calculate the temperature coef-
ficients are discussed in Ref. 5. Because of difficulties in
obtaining consistent sets of data on microscopic cross
section versus energy the results of the calculations left
much to be desired. For this reason the emphasis was
placed on measuring the coefficients in the HFIR
critical experiments. The most recent data on cross
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sections would probably facilitate a more accurate
calculational estimate, but this has not as yet been
attempted.

B.4 Prompt-Neutron Lifetime and Effective
Delayed-Neutron Fraction Calculations

As discussed in Ref. 5, both the period method and
first-order perturbation theory were used to calculate
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the prompt-neutron lifetime. Values were also obtained
from the critical experiments by using the pulsed-
neutron technique. Under appropriate conditions the
slope of the decay curve after pulsing a critical assembly
is equal to f,¢/2. The effective delayed-neutron frac-
tion, B,¢¢, was calculated by the method proposed by
Kaplan and Henry.®® Agreement between calculated
and “measured” prompt-neutron lifetime was satis-
factory.
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Appendix C

SPACE-, TIME-, AND ENERGY-DEPENDENT
FLUXES FROM ONE-DIMENSIONAL
3-GROUP DIFFUSION-THEORY
CALCULATIONS

An attempt was made in Chapter 5 to provide most of
the neuvtron flux information of interest to prospective
users of the reactor but, recognizing that users may
desire flux information in even greater detail than is
preseated there, the computer output fluxes from the

one-dimensional 33-group diffusion-theory calculations
for several times in the fuel cycle are given in Tables C.3
through C.6,* which follow Tables C.1 and C.2, which
give the radial locations of the mesh points shown in
Tables C.3 through C.6 (Table C.1) and the neutron-
group structure applicable to Tables C.3 through C.6
(Table C.2).

*n all these calculations the flux trap contained the standard
transplutonium target bundle containing 300 g 2%2Pu. As
discussed in Chapter 5, flux levels in the flux trap are influenced
by its content.

Table C.1. Mesh Point Locations for Tables C.3

Through C.6
Radial Location Distance
Region Bound- of Region Bound-  Region Between
Region Region ary Mesh Points ary Mesh Points  Thickness  Mesh Points
Number Description I ""Guter Relative to (cm) Within
Reactor Vertical Region
Center Line (¢m) (cm)
Inner Outer
1 Target 1 11 4] 5.0 5.0 0.5
2 Water gap 12 16 5.0 6.4 14 0.35
3 Side plate 17 21 6.4 7.14 0.74 0.185
4 Fuel 22 26 7.14 7.5 0.36 0.09
) Fuel 27 31 7.5 8.0 0.5 0.128
[ Fuel 32 36 8.0 8.5 0.5 0.125
7 Fuel 37 41 8.5 9.5 1.0 0.25
8 Fuel 42 46 9.5 10.5 1.0 0.25
9 Tuel 47 51 10.5 115 1.0 0.25
10 Fuel 52 56 11.5 12.0 0.5 0.125
11 Fuel 57 61 12.0 12.6 0.6 0.15
12 Water-gap 62 74 12.6 15.5 2.58 0.2125
side-plate region
13 Fuel 75 79 15.15 16.0 .35 0.0875
14 Fuel 80 84 155 16.0 0.5 0.125
15 Fuel 85 89 16.0 16.5 0.5 0.125
16 Fuet 90 94 16.5 17.5 1.0 0.250
17 Fuel 95 99 17.5 18.5 1.0 0.250
18 Fuel 100 104 18.5 19.5 1.0 0.250
19 Fuel 105 109 19.5 20.0 0.5 0.125
20 Fuel 110 114 20.0 20.5 0.5 0.125
21 Fuel 115 119 20.5 21.0 0.5 0.125
22 Control 120 135 21.0 24.15 3.15 .21
23 Be reflector 136 151 24.15 33.0 8.85 0.59
24 Be reflectox 152 173 33.0 54.0 21.0 1.0
25 Water 174 180 54.0 60.0 6.0 1.0
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Table C.2. Neutron Group Structure Applicable
to Tables C.3 Through C.6

g, Neutron Lower Energy
Group Boundary (ev)

1 3.68 x 10°
2 1.35 x 10°
3 8.21 x 10°
4 4.98 x 10°
5 3.02 x 10°
6 1.83 x 10°
7 Litx 10°
8 6.74 x 10%
9 4.09 x 10%
10 2.48 x 10*
11 1.50 x 10?
12 9.12x 10°
13 5.53x 10°
14 3.36 x 10°
15 2.04 X 10°
16 1.23x 103
17 748

18 454

19 275
20 167
21 101
22 61.4
23 37.3
24 21.6
25 13.7
26 8.32
27 5.04
28 3.06
29 1.86
30 1.125
31 0.683
32 0.414

33 (thermal group)

Conversion of the computer output group fluxes to
absolute group flux per unit power (i.., neutrons/
cm?sec'Mw) can be made as follows:

1. For the reactor horizontal midplane,

¢HMP(r)j|
p g=1,2, or 33

— 12
192 X 10 * X ¢(r)compJ g=1.2, or 33

and

Prmp (D)

p L=3,4,...,31 or 32

= 12
0961077 X ¢(r)compJ £=3,4,..31, or 32

where
r
¢HMPQ] = group g neutron flux per unit power at
P Jg the horizontal midplane at a radial
distance r from the reactor vertical
center line in neutrons/cm? ‘sec-Mw,
¢(r)compJ = group g computer output flux from
Tables C.3 through C.6.

2. For axially averaged flux values,

#0 |

hid =1.5
P lg=1,2, 0r 33

12
X 10' % X ¢(r)compJ g=1,2, or33

=0.75 X 1012

p Jg:3,4,,..31,or 32
X ¢(I)C°mpji £=3,4,..31, 0r 32~

where

¢—Z(r—)} = group g axially averaged (over the length of

P lg  the fuel core, 20 in.) neutron flux per unit
power at a radial distance r from the
reactor vertical center line in neutrons/
cm?sec-Mw.



GROUP FLUXES

Table C.3. HFIR 33-Group Fluxes, 0 Mwd

R, NO. GROYPS 1~ 9 _ —
1 5.73007E-D1 2.141C7€ 00 1,91341F 00 1.83941€ 00 1.29359%9E 00 1.13792E 00 9,03331E-0} 7.72586E~01L 7.08834E-01
2 5,74065E-01 2.1457SE€ 00 1,91807E 00 1,84347€ 00 1,29639€ 00 1.14023E 00 9,05133E-01 7.74072E-01 7.10101E-01
3 5,772446-01  2.159B3F 00 1.93210E 00 1.85565€ 00 1.30481F 00 1.14715E 00 9.10542E-01 7.78532€-01 7.13899E-01
4 5,825626-01 2,18339E 00 1,95561F 00 1.B75Q2E 00 1.31889E 00 1,15871€ 00 9.19572£-01 7,85966E-01 7,20208E-01
% 5,90049E<01 2.21661F 00 1.98880F 00 1.9047LE 00 1.3387T1E 00 - 1.17493E 00 9.32243£-01 7.96375E-01 7.28999€-01
) §7‘§_§§_E§E 01 2,25970E 00 2.03197E 00 1.9%187E 00  1.36437€ 00 1,19585E 00 9.48584E-01 B.09758E-01 7.40219E-01
T 6.117056-01 2.31296FE G0 2.08548E 00 1.98770f 00 1.39602F 00 1.22152E 00 9.68626E-01 8,.26106E-01 T.53793¢E-01
B 5,25995€~01 2.37675 00 2. 14g§pgﬁgg; 2.04247€ 00 1.43380FE 00 1.,25198E 00 9.92407E-01 8,45400£-01 7.69610E-01
9 6.425695E-01 2.45149F 00 2.22549E 00 2.10646F 00 1.47793E 0C 1.28728F 00 1.01994E 00 B8.67605E-01 7.87511€-01
10 6.,61897E-01 2.53T70E 00 2.31323E 00 2.18001F 00 1,52861F 00 1.32745E 0¢ 1.05132E 00 B8.926606-01 8.07275E-01
11 6.837T09E-DY1  2.63597E 00 2.41379E 0D 2,26351F 00 1.58611FE 00 1.37252E 00 1.08650E 00 9.20467€-01 B8.28591E~01
12 6.83709E-01  2.635S7E 00  2.41379E 00 2.26351€ 00 1,58611F 00 1.37252E 00 1.08650E 00 9,204676-01 8,28591E-01
13 7.03613E-01 2.72980F 00 2,51862E 00 2.346TL1E 00 1,64337E 00 1.4167LE 00 1.11427E D0  9,42395E-01 8,52449E-01
14 7.25819E-01 2.83895E 00 2,64432€ 00 2,44633E 00  1.71342E 00 1,.,46882F 00 1.14606FE 00 9.67547E~01 8, 80046E-01
15 7.503826~01 2.96380F 00 2.79179E 00 2.56251F O0 1,79456E 00 1.52854E 00 1.18116FE 00 9.95325E-01 9.11514E-01
16 7.77378E-01 3,104B8E 00 2.96232F 00 2.69558E 00 1,88746€ 00 1.59553€ 00 1.218T1E€ 00 1.02503€E 00 9.47080€-01
17 7.77378E-01 3.10486F O0 2.96232F 00 2.69558E OO0 1.88766E 00 1.59553E 00 1.218T1E 00 1.02503€ 00 9.4T7080E~01
18 7.888656-01 3,186259E 00 3,02187E 00 2,74562E 00 1.92261F 00 1.62099E 00 1.24024E 00 1,064188E 00 9.55287€-01
19 8,00580E-01 3.22020F 00 3.0807T3E 00 2.79654E 00 1,.95677E 00 1.64575E 00 1.26125€ 00 1,05814€ 00 9.632266-01
20 B.12533E~01 3.2777BE 00 3.13896E 00 2,84540f 00 1.99017€ 00 1.66984E 00 1.28378F 00 1.07388FE 00 9.70886E-01
21 B.24T35E-01 3,33539€ 00 3,19666€ 0O 2.89327¢€ 00  2.,02287E 00 - 1.69329E 00 1.30184E 00 1.08%12€ 00 9.T8258E~01
22 8,24735E-01 3,33539F 00 3,19666E 00 2.B9327E 00 2.0228TE 00 1,69329€ 00 1,30184E 00 1.08912€ 00 9.78258€-01
23 8.314156-01 3,3672BE 00 3,23095E 00 2.92022E 00 2.06147E 00 1.70646E€ 00 1.31127€ 30 1.09627€ 00 9,83694E-01
24 B.,ITT91E-01 3.39777E 00  3.26373E 00 2.94508E 00  2.05932€ 00 1,.71917€ 00 1.32039€ 00 1.10321F 00 9. 89006E-01
25 B.438BTE-01 3.4269RE 00 3.29513F 00 2.97093F 00 2.07647E 00 1.73145E 00 1.32922E 00 1.10996E 00 9,94193£-01
26 8.49T26E-01  3,45502€ 00 3,32925E 00 2.994B84E 00 2.09299E 00 1,74332F 00 1.33778E 00 1,11653¢8 00 9,99256E-01
37 B8.49726E-01 3.45503E 00 3.325256 00 2.99484E 00 2.09299€ 00 1.743326 00 1.33778E 00 1.11653f 00 9.,99256E-01
28 8.573996-01 3.49198E 00 3.35493F 00 3.02649E 00 2,11485E 00 1.75913E 00 1.34921€ 00 1.12532€ 00 1.00609€ 00
29 8,64566E-01 3.52653FE 00 3.40213F 00 3.05630F 00 2.13546E 00 1. 30 1.7T414E 00 1.36009E 00 1.13374€ 00 1.012656E 00
30 8.712826-01 3.55922€ 00 3.43T11E 00 3,08447€ 00 2,15493E 00 1.78840F 00 1.37047E 00 1.14180F 00 1.01899E 00
31 8,77594E-01 3.58998E 00 3.47013E 00 3.11116E 00 2,17339E 00 1.80198E 00 1,38036E 00 1.14950E 00 1.02507¢ 00
32 8,77594E~01 3,5899BF 00 3,47013E 00 3.11116E 00 2,17339E 00 1,80198E 00 1.3B8036E 00 1.14950E 00 1.02507€ 09
33 8,8348BE-01 3.61885F 00 3,50112F DO 3,13631€ 00 2.19080E OO 1.81486E 00 1.38977E GO0 1.15885€ 00 1.03090E 00
34 B.88934E-01 3,64569E 00 3,52994E 00 3.15%984E 00 2,20709E 00 1,82700F Q0 1.39866E 00 1.16383E 00 1.03648E 00
35 B.93976E=01 3.6707T0E 00 3.55681E G0 3.18189EF 00 2,22236F 00 1.83844F 00 1.40707E 00 1.17045E 00 1.04179E 00
36 8.98553E-0) 3.69405€ 00 3.,58194E 00 3.20259E 00 2.236T1E 00 1.84924F 00 1,41501€ 00 1.1T673E 00 1.04684E ol
37 B.98653E-01 3.69405E 00 3.58194F 00 3.20255E 00 2.2367T1E 00 1.84924F 00 1.41501{€ 00 1.17673E 00 1.D4684E 00
38 9.06775E-01 3.73524E 00 3.62628f 00 3,23951E 00 2.26234E 00 1.86874E 00 1.42944E 00 1.18821€ 00 1.,0561BE 00
39 9,13342E~01 3.76943F 00 3,66322FE 00 3.,27076E 00 2.28406E 00 1.88555E 00 1.44157E 00 1.19828€ 00 1.08447E 0C
40 9.18586E~01 3,79768F 00 3.69394F 00 3.29714E 00  2.30243F 00 1.89995E 00 1.45275E€ 00 1,20701E 00 1.07174E 00O
%1 9.722691E-01 3,82085E 00 3,71936E OO 3.31927€ GO 2.31788¢ 00 1.91219F 00 1.46195E 00 1.216451€ 00 1.0T804E 00
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22 3178B8BE 09

42.9.22691E-01  3,82085€ 00 3.71936F 00 3,31927€ 00 191219E 00 1.46195E 00 1.21451f 09 04E 0D
23 2.25588E-01 3.83866E 00 3.73917E 00 3.33697E 00 2,33027€ G0 1.92321F 90 1 4seeic oo 1.220778 00 1,08337¢ 00
34 2.2718L1E-01 3.85067€ 00 3.75294E 00 2.34995€ 00  2,33942E 00 1.92990F 00 3.47845¢ 90 1.225758 00  1.087TLE 0O
33 3.275728-01 5.B5736E OC 3.76117¢ 00 3.35856F UD 2.34556F 00 1.03541F 00 147979 55 1.22953E 00 1.09112E 60
“6 9:200298701 3.95904% 00 3.T6421E 00 3.36307F 00 2.34889E 90 1.93868E 00 1.46262f 00 1.233165 09 1.09362€ 50
87 9.268295-01 3.85905E 00 3.76421F 00 3.36307¢ 00 2.34866F 00 1.93686F 00 1.48263E 00 1.23218€ 00 1.09362E 00
8 2.24963E-01 3.85579E 00 3.76215E 00 3.36356E 00 2.34943E 00  1.94030F 00 1.48401F 00 1.23367E 00 1.09525t 0¢
99 3.21963E-01 3.84756E G0 3.75493F 00 3.36001F 00 2.34720€ 00 T1.93976E 00 1. AB396F 00 1.23411E 60 1.09603E 0O
50 9.17811E-01 3.83427E 00 3.74248E 00 3.35241E 00 2.36215E 00 1.93725E 90 1.48250% 00 1.23350E 00 1,09500£ 0G
51 9.12480E-01 3.81572E 00 3.72454E 00 3.34065€ 00 2.33431€ 00 1. 93277 00 1.47966E 00 1.23187¢ 00 1,09520F 06
52 9.12460E-01 3.81572E G0  3.72454E 00 3.36066E OC 2,33431F GO 1. 93277£ 90 1.47965E 00 1.23187E 00 1.09520F 00
o2 3.093338-01 3,80449E 00 3.71353E 00 3.33323E 00 2.32932E 00 1.92981F 00 1 47775% 00 1.23070F 00 1.09453E 00
3% 9:059315-01 3.79203€ GO 3,70126E 00 3,32485€ 00  2.32366E 00 1. =92641E 00 1,47549€ 00 1.22930F 00  1.09383€ 00
o5 2+02233E-01 3.77829E 00 3.68765E 00 3.31547€ OC 2.317326 00 1.92255¢ 06 1 47293¢ 00 1.22767E 00 1.09267F 00
56 8.982266-01 3.76320F 00 3.67263%F 00  3.30504F 00 2.31027€ DO 1.91822E 90 1.4TO0GE 00 1,22582E 00 1. 09150 00
o7 8.96226E-01 3.76320F C0 3.67263% 00 3.30504E 00 2.31027E 60 1.91823F G5 1.4700%E 00 1.22582¢ 00 1.09150F 60
23 8.93039E-01  3.74344% 00 3,65288E OC 3.29125E€ 00 2.30093F 00 1.912465 05 1.46621E B0  1.22334E 00  1,08989% 00
39 8.87444E-01 3.72190E 00 3.63128F 00 3,27611€ 09 2.29065E 00 1.906108 60 1,458198E 00 1.220%8E 00 1. D8808E DO
60 8.,81401E-01 3,69B41E 00 3,§o7§3e 90 3.25949E 00 2.27938E 00 1.89911F 00 1.45728F Q0 1.21734E 00 L.08607€ 06
61 B.T4855E-01 3.67276E 00 3.58L7ZE 00 3.241258 00 3.25799¢ 00 1.89145€ 80 1.45216E 00 1.21422E 00 1,08388E 00
2 5.74856E-01 3.67276F 0O 3.58172E 00 3.24125E 00 2.26700E 00 1,89145E 00 1.45216€ 00 1.21422€ 00 1.08388E 00
63 B.66239E-01 3.53914E 00 3.54831F 00 3.21724E 00 2.3507T4E 05 1. 88124% ) 1.44493E 00 1.20949E 00 1,0B098E 90
0% 8.58775E-01 3.810376 00 3.51996E 00 3.19642E 00  2.23655€ 00 1.87211F 00 1.4384%4€ D0  31.20502E 00 1.0783056 00
65 8.52442E-01 3.586352 00 3.49653F 00 3.17872€ 00 2.22460¢ 00 1.86403E 00 1.43257€ 00 1.200828 00 1.07511F 00
5 B.4T214E-01 3.566555 00 3.,477926 00 3.16410F G)  2.21483F 00 1.85702¢ 00 142735 5o 1.19691F O 1.972198 60
5T 8.43006E-01 3.552078 00 3.66401E 50 3,15248E 00 2,20702E 05 1.85106F G0 % 42379¢ 00 1.19330% 00 1.06930F 08
$8 8.39975E-01 3.54163F D0 3.45473E 00 3.14382E 0O 2.20124% 00 1. «84614F 00 1.418BBE 00 1.18999E 00 1.06644F 00
§9 8.37920E-01 3.53554E 00 3.44997% 00 3.13606% 00 2, 197432 00 1 8462225 00 1.41560€ 00 1.18695E G0 1.06361F 00
10 5.36884E-01 3,53373F 00 3.44963E 00 3.13515E 00  2,19558¢ 00 1.83931E 00 1.41293€ 00 1,18421F 00 1.06081E 00
71 8,36849E-01 3.53814F 00 3.45379F 00 3.13503F 00 2. 195648 00 1.83738E 00 1.41085E 00 1.18172E 00 1.058026 00
72 B.37801E-01  3.54270¢ oo}ﬂzlgezzée 89 3.137T66E 00 2.19759E 00 1.83534E 00 1.40934% 00 1.17945%8 00 1.055238 06
13 B.39726E-01° 3,555365 00 3.4T408E 00 3,14298€ 00 2.20139€ 00 1.838378 06 14055 7¢ 60 L.L774DE 00 1.05241iF 00
T4 B.42615E-01 3.56809F 00 3.49198E 00 3.15095E 00 2.20701E 00 1.83696E U0 1.40790E 00 1.17550F 00 1.04954E 00
75 8.426156-01 3.56809E 00 5.49198F 00 3.15095E 00 2.20701E 00 1.83695F 00 1.45795E 00 1.175508 60 1.04954F 00
75 B,43943E-01  3,57483E 00 32499558 00 3.15460F 30 2.20960F GO 1.33730€ 30 1.60TTGE 00 3.17467F 00 1. 06818t 0%
77 B.45042E-01 3.58058E 00 3.50668F 00 3.18752€ 00 2.21169€ 00 1.837358 00 1 407505 00 1.17373E5 00  1.04670E 00
78 8.45928E-01 3.58541€ 00 3.512558 00 3.15976E 00 2.21332f 00 1.83713¢ 90 1.40672E 00 1.17267E 00 1.06517E 0g
79 8.48616E-01 3.53039F 03 3.51754F 00 3.161346 00 2. 715638 OO 1.836658 DO 1.40%07F 00 1.17L49€ 00 1.06357E 00
80 8.45616E-01 3.58939F 00 3.51754E 00 3.16136E 00 2.21452F 00 1.83664E D0 1,40597E 00 1,17149E 00 1,043STE GO
818.47226E-01 3.59347E 00 3.52298F 00 3.16246F 0) 2.215537 G0 i.039543F 00 1 405850 00 1.16959% G0 1.04115E 00
82 8.57394E-01 3.59556F 0C 3.52644E 00 3.16213€ 00 - 2:21535F 00 1.83364E Q0  1,40274E DO 1.16763F 00  1.03855f 00
83 8.47T159E-01 3,59611E 05 3.52809E 0C 3.16051F 05 2.21445E 66~ 1. 83128E G0 1.40054E 00 1.16501F 00  1.03530F GO
84 B:465538-01 3.59498E 00 3.52612F 00 3.15743F 00 2.21272€ O 1.82841F G0 1.39799% 4o 1.182358 00 1,03287¢ 00
85 5.46535E-01 3.59490E 00 3.525126 60 3.15765¢ G0 Z.3T272% 66 L.82841¢ G0 {.39799% 00 1.15235F 40 1.03257¢ 95
B8 8.455498-01 3.59213F 90 2.526378 00 3.15356E 00 2.20011E 00  1.82498¢ 00 1.39504F 00 1,15961E 00 1.02976E 00
87 B.44114E-01 3.58744F 00 3.522692 00 3.14803E 00 2.20654F 00 1 .82090% 00 1.39168€ 00 1.15820F 00 1.02646¢ 0
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89 B.&

88 B.522826-01
]

Q79E-01

30 _8.40079E~01

91 B.344T4E-O]
92 B,27358E-01

93 '8,18853E-01

94 8,09038E-01

95 8,09038E-01
96 7,98031E€-01
97 7.85894E-01
98 7.72605E-01
99 7.58110E-01

100 7,58110E-01

101 7,42638E-01
1802 7.26286E-01

103 7.08937E-01

104 6.90455E~-01

105 6.90455E-01
106 6,B0827E-01

107 6.709B4E-01
108 6.60904E~01

109

£.505656-01

110 8.50565E-01

111 6.40028E-01
112 5,29306E-D1

113 6.18376E-01
114 6,07216E-Q1

{15 6.07216E-01
116 5.95872E-01
117 5,84343€-01
118 5,72607€-01

119 5.60639E-01

120 5.50639E-01
121 5.40101E-01
122 5.20404E-0Y
123 S.01514E-01
124 4,83400E-01
125 4,66032€~ o1
128 44.49379E-0)

127 4,33415E-01
128 4.,18112E-01

129 4,03444E-01
130 3,
131 3.75920E-01
132 3.63018E-01

3,8938BE-01

133 2,50660E-01

7.03302E-01

3,58104E 00 3.51725E 00 3,14121E 00  2.20213E 00 1:81628E 00 1.38793F 00 1.152T1E 06 1.02298E 00
3.57307E 06 3.51017E 00 23.13317€ 00 2.19689E 00 1.81111F GO 1.38381F 00 1.14B896E 00 1.0:932€ 00
3.573C7E 00 3,51017€ 00 3,13317E 00 2,19689E 00 1.81111F 00 1,38381F 00 1.16895€ 00 1,01932€ 00
3.55196F 00 3.45069E 00 3,11316E 00 2,18377E 00 1.793G3E 00 1. 374355 90 1.14061F 00 1.01140£ 00
3.52440F DO 3.,46453 00 3,08819E 00  2,16733E 00 1.78473E 00 1.36337€ 00 1.13117E 0C 1,00273E 00
1,%50935 00 3,43228E 06 3.05866¢€ 00 2,14745E 00 1.76835E€ 00 1.35094E 00 1.12070E 00 9.93321E-01
3,45189E 00  3,39432E 00 3.02481F 00  2,12552E 00 1,75002E 00 1,33715€ 00 1.10922€ G0 9.83200E~01
3,451898 00 3.39432E 06 3.02481E 00 2.12553E 60 1.75002E 00 1.337I5 00 1.10922€ 00 9.832006-01
3.40783F 06 3.35119F 00 2,98705E 00 2,100626 00 1,72989E 00 1,32210F 00 1,09682E 00 9. 72412E-01
3.35902E 00 3.30321E 00 2.94560E 00 2,07331F 00 1.7080TE 00 1,30586€ 00 1.08353E 00 9.&0976E~01
3. 3953§g_5gL4;mg§92§g_ggfA;_qggaggwqpfﬂg_gigsgg;ggﬂg;“§gfsss DO 1,28845F 00 1.0693BE 00 9.48919E-01
3,246576 00 3.192056 00 2.85125E 00 2,01130E 00 1.65932E 00 1,26988E 00 1.05438E 00 9.36269E-01
3.24657E 00 3.192056 00 2.85125€ G0 2,01130F 00 1.65932E 00 1.26988E 00 1.05438E 00 9.36269E-01
3.18374E 00 3.12953€ 0D 2.79897€ 00 1.9TT0LE 00 1.63274E 00 1.25039E 30 1.038T0E 00 9,23160£-01
3,11727E 00 3.06352E 00 2.74389E 0G  1,94111€ 00 1.60494E 00 1.23007€ 00 1.02239€ 00 9.09597E-01
3.04662E 00 2.99313E 00 2.68567F 00 1.90323E 00 1.57585€ 00 1.20890E 00 1.00545€ 00 8,95614E-01
2.97119€ 00 2.91T78F 00 2.623848F 00 1.86316F 0D 1.54536E 00 1,1B684E 00 9,879056-01 8,81249E-01
2.97119€ G0 2.917786 00 2.623B8F 00 1.86316E 00 1.54536E 00 1.18684E 00 9.B79056-01 8,B1249E-01
1 2.93187€ 00 2.87839F 00 2,59178F 00 1,86241F 00 1.52967E 00 1.17555E 00 9.78961€-01 8.73984€-01
2.89165 00 2.63807E 00 2.55903F 00 1.,82128E 00 1.51375E 00 1.16412E 00 9.69914E-01 B8.646659E-01
”g.asoaﬁe 00 2.796T4E 00 2,52556F 00 1.T79974E 00 1.49758E 00 1.15254E 00  9.60768E-01 8.592796-01
2.80B14E 00 2.75427€ 00 2.49130E D0 1.TTT74E 00 1.48113E 00 1.14080E 00 9.51518E-01 8.518526-01
2.B0814E 00  2.75427E 00 2.49130F 00 L.TTI74E GO0 1.481)13F 00 1.14080E 00 9.51518E~01 8.51852E-01
2.76503€ G0 2.71093F DO 2.45646F 00  1.75543E D0 1.46451F 00 1.12898E 20 9,42219E-01 8.44416€-01
2,721176 00 2.66581E 00 2.42109€ 00 1,73284E 00 1.4%774E 00 1.11708E 00 9.32868E-01 B.36965£-01
2.67644E 00 2.62180E 00 2.38512E 00 1.70994E 00 1.43078€ 00 1.10510FE 0D 9.23469E-01 B8.29505E-01
2.63075E G0 2,575TTE 00 2.34848E 00 1,568658F 00 1.41364E 00 1.09303€ 00 9.14024E-01 8,220458-01
3.63075E 60 2.5TE7TE 00 2.34BABE 00 1.68668E D0 1.41364F 00 1,09303E 00 9,14024E-01 8,22085E-01
2.58431E 00 2,52894E 00 2,31133E 09 1,65318F 00 '1.39639E 00 1.08094F 00  9,04576E~01 8.14620E-01
2.53712E 00 2.48131E 00 2.27367E 00 1.63944E 00 1.37903€ 00 1.06882E 00 8.95123E~01 B8.07226E-01
2.,48906E Q0  2,4327BE 00 2.235644E 00 1 .61542€ 00 4;%;91§5g~99 1.05667E 00 B8,85670E~01 7.99869E-01
2 h4003E 00 2.383226 700 2.19657E G0 1.591D9F 0O 1.34392E 00 1.045449€ 00 8.76221E-01 7.92561E-01
| 2.44003E 00 2.38322E 00  2.19657E 00  1.59109E 00 1.34392E 00 1.04449E 00 8,76221€-01 7.92561E-01
T2.35857¢ 00 2.30450F 00 2.1338DE 00 1,55057E 00 1.31569E 00 1.,02387¢ 00 8,60216E-0! 7.82074E-01
2.28051F (0 2.22907€ 00 2,07328E 00 1,51581F 00 1.28888E 00  1,00409E 00 8.44668E-01 7, 71845£-01
2.20571F 00 2.15682E 00 2.01494E 00 1.486B1F D0 1.26291€ 060 9.851456-01 8,29605E-G1 71,61925E-01
2.13406E 00 2.087626 00 1.95876E 00 1.44756E DO 1,23B00E 00  9,67118E-01 8.15051E-01  7.523506-01
3.06544E 0G  2.02178E 60 1,90465E 00 1.51606F 00 1,21416€ 00 9,49968E-01 8.010256-01 7.431956-01
1.99975€ 00 1.95799E 00 1.85262E 00 1.38430E 00 1.19151E 00 9.33V36E-01 7.87545£-01 7.34473E-01
1.93688E 60 1.89735E 00 1.80259E 00 1.35828F G0 1.16975E 00 9.18842E-01 7.T4625E-01 7.26233E-01
1.B7673E D0 1.83935€ 0C 1,75451F 00 1.33701F 00 1.14920F 00  94041056-01 7.62277E-01 T.18514E-01
1.81920F 06 1.78392E 00 1.70835€ 00 1.30749E 00 1,12976E OO 8,907456-01 7.50508E-0%1 T.11353£-01
1.76421E 00 1.73097E 00 1,66%06€ 00 1.28472E 00 1.11144E 00 8,78383E-01 7,39325E-01 T7.04787€-01
1. 711676 00 1.68040F 00 1.62160E 00 1.26373E D0 1.09426E 00 B8,67042E-01 7.28730E~01 6.98BS0E-0L
1.66149E 00 1.63215€ 00 1,58094€ 00 1.24450€ 00 1,07821E 00 8,58743E-01 7.18723E-01 6,93579€-01
"1.613606 00 1.58614E 00 1.54203FE 00 1.22708E 00 1,06330E 00 8.47512€-01 6.89008E-01
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134 3.38826£E-91
135 3,274965-51

136 3,27496E-01
137 2.865232-01
138 2,50800E-01
139 2,19633€-01
140 31.92425E-01

8,81226E-01"

147 1.5666606-01
142 1.47888E-01
143 1.297232-01
146 1,13828E-01
145 9,99 197E-02
146 8,77171E-02

156792 00
1.526439F 00

1.52439E 00
1.36669F 0G
1.22504E 00
1.09788E 00
9.83703E~01
7.89264E-01
7.06752£-01
6.32728E-01
5.56326E-01
5.06766E-01

147 7.79271-02 &, 53344E-91

148 8, 76487€-02
149 5.94151£-02
150 5.21807E~02
151 4,58186E-02

152 4.58186E-02
153 3,67532E~02
154 2.95127E-02
155 2.37226E-02
156 1.90670E-02
187 1.537136-02
158 1,238966-02
159 9.99423E-03
160 B.06T65E-03
161 5.51633£-03
162 5.265662-03
183

4.,25607E-0C3
164 3.43991E~-03
155 2, TTSLQE-D3
186 2.24274E-03
187 1.80651E~03
168 1,45047€-03
159

170
171
172
173

1.158616-03
9. 17918604
7.178206-04
5.496255-04
4.061472-04

174 4.06147€-04
LTS 3.131336-04
176 2.343938-04
177 1.66478E-04
176 1.08444£~04

180 0.

4.056429FE-01
3.62450E~01
3.23897€-~01
2.B9307£-01

2.893072~01
2.38690E-01
1.968835-01
1.62361E-01
1.338626-01

1.10340E~01

9.09282E-02
7.49103E-02
6.169276=02
5.07849E-62
5417813602

34434563802
2.820265-02
2.31287E-02
1.89107E-02
1.54149E~D2
1.25028E-02

1.00653E-02"

8.N1162€=-03
6426511E-03
4.760958-03
3.443585-03%

3.44358£-03
2.55373£-03
1.84578E~03
1.27490E~03
7.98481E-04
3.83677E-06
0.

1.542298 00
1.50355E 00

1.50055E 90
1.33364E 30
1.18625E 00
1.05589€ 00

9.404235-01

" 8,38025E-01

T 4T110E-01
6.66309E-01
5.96434E-01
5.30448E-01
4.73447E-0]

4,22636E-01

3.77330E-01
3.36910E-01
3.00841E-01
2.68652E-9)

2.65652E-01
2.21708E-01
1.829308-01
1.50904E-01

1.24459E-01

1.026255E6-61
8445004E~02
5.9T214E-22
3.74338E-02
4.72985£-02
3.89247E-02

3. 20067602
2.62875€-02
2,155431E-02
1.76304E-02
1.43692E-02
1.16494E-02

9.36911E-03

7.442695-03
S5.T9770E~-D3
4.371855-03
3.110655-03

3.11065E-03
2.25052E~03
1.59673E-03
1.08554E~02
6.73339E-04

3. 20999E<04 I 9099GEST4

C.

1.50483€ 00 1,23114BE 90 1.9495&5 20 £.39375£-01 7,00462¢- QA, 6.85173E-01
1e46931E 30 1.19773F 30 -1.93694F 50 8,323500< -51  6.92193E-£1 « B21L0E-D1
1.46931E 00 1.19773F 0O 1.03694E UG  B.32359£~0}% - 6092193E-01  6.82111E-01
1.29143E 00 1.11859F 00 9.68084:-01 7.94274E-01 6,51432E-01 6,58012E-01
1137635 00 1.03145E 00 8,981 72E-01 7. +49399€-01  6,11166E-01 56,27143E-01
1.00606E 00 9,%2499E-01 8,28338F~g% 7, 00663E~01 S.TOATIE~OL $5,922325-01
8.87626E~01  B,55586E~ =01 7.59811€-01 6,50216E-01 5.30663E-01 5,551076-01
To85866E-01" T.72984E-01 6.93862F-t1 5.99654E-01 £,90%29E-01 5,L7060E<01
€. IBEL6E-01  5,95926E-01 $.307T18E~01 5.50143£-01 4.52128£-01 _%e79041E-01}
5.18279E~01 6.24963E-01 5,71543E~01 &, 02516E~01 4,14693E-01 #.41T59£-01
5,49241£-01  5.60213E-01 5416477601 4.57340E-01 3.78983E-01 4,05745E-01
40 88319£-01 5.01528E-01 4.5565TE-01 4, 146742~ ~01 3,452656-0% 3,713B68-01
4.34664€=01 4248606E-01  4,19116E-01 _3.T5618E-01 3,13721E-01 1 3.38956E-01
3.86TBVE-O]  4.01062E-01 3.76722E<01 3.39354E-01" 2.8644526-01  3,08636E=01
3.445256-01  3,58482E-01 3.38313E~01 3,06174E-01 2. +5749TE-0)  2.80533E-01
3.07022E-01 3,204495-C1 3.03674E-01 2.T60L0E-01 2.32843E-01 2.54899E<01
2.737128-01 7g_§§5686”01 2.72566E-01 215§7§65791”72A195§§E =01 2.311486-01
2.46108E-01 2,36476E-01 2.44744E-61 2.24285€=-01  1,902008-01 2.09872£-01
2.44108E-01 2.564765-01 2, 44T44E-01  2,24286£-01 |, 90206E-01 2.09872£-01
2.00080£-01 2,12144%E-01 2,.033708-01 1. B7405E~3L 1.59500E-031 1. 77361601
1.654G8E-01  1,752526-01 1.68630E-01 1. +95062E=-01 1,332476-0Y 1,490136-01
Le362528-01 1.464659E~01 1,39800E-01 1.29529E-01 1.109768-01 1. 24 645E-01
Lo12261E~0L 1.19345€-01 }.15428F- 2BE-01 1.07463E-01 9,220378-02 _1.03909E-01
9.25023E-02 T 9.B4235E-02  5.53544F 02 B.89546E-02 7.64594E-02 8,63950E<02
Te62199E-02 8.11450E~02 7,87149E- =02 T.35470E-02 6.33060E-02 7. 168256-02
6.27956E~02 €,687996-02 5,49394E-02 5,07493E-02 5,23491E-02  5,937435-05
54172345-02 5,510366-02 5, 35438E=02 5,013565-02 4e32611E-02 4.91082E-02
44258756-02 4,53B0TE-02 4,412056-0 4o 13415E-07 3,5680TE~02 &,05634E-02
3.30457E-02  3.733506E-02 3.63282E-42 3. SD5BRE~D2  2,9409BE~02 3. 34605E-02
2.68160E=02 3.07148E=G0 2, 98822802  2.802545<02  2.420936-03 Z.T5594E=02
2.36556E-02  2.52256E-02 2,45452E-02 _2030248E-02 },98940E-02 2. 26553E-02
1.94020E-02 2.067835~02 2.61197E-032 1.BB736E-02 " 1.63080E-02 1{.85743E-02
1.5B656E-02 1,69028E-02 1.64606E~02 1,54182£-02 1.33201E-02 1,51693E-02
1.29239E-02 T 3756BE-02 1.336995-02 1.252976-02 1.0B1938-02 1,23156E-02
1.04560E-02 1,11206E-02 1. 079310E-62 1,00987E-02 8,71150E-03 9. 9068TE-03
8.39858E<0%  B.892186-03 3. 60434E-03 ~ 9,031246-03  §.91592E-03 T.85225E~-03
5.64188E-02 £,98274E-03 &, T2456E-03  5.24545E-03 5, +35243E-03  6,07330£-03
5.12635E-03 5,312372-03  5,075565-02 4e56759E~063 3,989306-~03 &, 501 99E-03
3.78911E-02 3.80553£-03 3.590338-03  3,228338-03 2. T4219€-03  3,07948E~03
2.5702YE-03  2,38608E-03 2.20952:5-03 1. 85758E~03 1.575386-03 1,75567E-0%
2.57027£-03  2,3B608E-03 2.209528-03 1.85758E-03 1,57538E-03 1. 1. 7556 7TE-03
1.92101E-03  1,65011E-03 1.541415-63 1.30468E-03 1.11B13E-03 {.12816E-03
1.29637E-03 1,14645E-03 }.Q633§§:03 9.026825-04 7,78265E-06 7, 7.43952E~04%
9 66943E-06  T,36302E-04 7.088845-04 6. C22286-04 35.208976-06 4.540495<04
6.062985-04 4,89619E-04 4.33268:-06 3.5796%E-04 3.18777E-04 2,920372-04
2.22531E-04 2.04895E-06 1.735947E<0% 1. 5C793E-04 1.37241£-04

0. C. Ge D Se 0.
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GROUP FLUXES _ R o o ,

Re NO, __ _GROUPS 10=- 18 o L - _ N
1 6.30152E-01 6.13494E-01 5.87972E-01 5.T1910E~01 5,69583E=01 5.71175E-01 5.77573E-01 5.82734E-01 5.88294E-01
2 5,312588-01 6,14509E-01 53889062-31 5.T27B0E-01 5,70408E~01 5.71952E-01 5,78330£=01 5,83455E-01 5.88983E-0)
3 6.34574E~01 6.17568E-01 5.91693E~01 5.75381€~01 5,72874E-01 5.74317E-01 5.80595E~01 5.85616E-01 5,%1041E-01
4 6,400855<01 6,22588E- ggm_ggsgalggvgz 5.79692E~01 5,76959E~0) 5,78214E-01 5,84340E-D1 S5S.B91B6E-01 _5.94441E-01
5 6,4TT6TE=0L  6.29592E<01 6.02740E-01 5.85676E~01 5,826206-01 5.83611F-01 5.89523E-01 5.94120E~01 5.99136F-01
& 6.57584E-01 6,38501FE~01 6.10905E-01 5.93277E-01 5.89799E-01 5.90447E-01 5,96081E«0%1 6.00354£-01 6,05059E-01
7 8,694806-01 6,49230E-01 6.20736E-01 6.024226-01 5,98415E-01 5,98641E-01 6.03931E-01 6,07803E-01 6.12123E-01
B 6,83382F-01 6,6166TE-01 8.32133£-01 6,13016E-01 6.08367E-01 6.08091E-01 6,12971E-01 6.16362E~01 &.20221€6-01
9 6.99190E~01 &,75658E-01 6.44966E-01 6.249416-01 6,195286-01 6,186736-01 6,230TTE~01 56.25903FE~-01 6,29222E-01
10 7.167695~01 6,90998E~01 6.59077E~01 6.38054E=01 6,31744E~01 6.3023TE-01 6,34101E~01 6.36274E~01 6, 38974E~01
1177.35949E~061 7.07420E=01 6.74269E~01 6.521876-01 5,44830E~01 6.42609E-01 6,45874E-01 6.473036-01 6,493006-01

12 T.35949E~01 7.07420E-01 6.74269E-01 6.52187E=D1  6,44830E-01  6.42609E~01 6.45874E-01 6,47303E-01  6.49300E-01
13 T.53130E-01 7.27830E-01  6.92686E-01  6.690106~01 6.60468E-01 6.5T400E~0L 6.59858E-01 6.60340E-01 6.61373E~01
14 T.73339E-01 7.503476~01 7.126056-01 6,86961E-01 6.772336=01 6.73060E~01 6,74462E-01 6,73823E-01  6,736256-01
15 7.96068E<01 7,751 94E-01 7.3386TE-01 7.056B3E~01 6.94745E-01 6.,89160E~01 6.89211E-01 6,87256€-01 6,85516E-01

16 8,20773E=01  8,02501E-01 T.56102E~01 7.245629E-01 7,1249BE=-01 T.05144E-01 7,03496E~01 7.00028E~01 6.96379E~01
17 8.20773E-01 8.02501E-01 7.56102E~01 7.24629€-D1 7.12498E=01 = 7.05144E~01 7.03496E~01 7.00028E-01 &, 96379E~01
18 8.31696E~01 8,05913E-01 7T.59195E~01 7,27414E-01 T,15105E-01 7.07398E-01 7,05483E~01 7.01774E-OL 6,97823E-01
19 B.41959E-01 8.09315E-01 7.62289E-01 7.30206E-01 7.17681E-01 7.09636E-01 7,07463E-01 T.03511€-01 &.,932636-01
20 B.51583E~01 8,12697E-01 7T,65380E-01 7.33001E-01 7.202236-01 7.118566-01 7,09434E~01 7,05237E-01 7.00638E-01
21 8.60587E=01 B.1604BE-01 71:68460E-01 -« 7435T96E~01 7.227326~01 - 7.140586~01 7.11398E-01  7.06954E-01 7.02126E-01
22 8,60587E=01 8,16048E-01 T.68460E-01 7.35796E~01 7.227326-01 7.14058E=01 7.11398E~01 7,06954E-01 7.02126E-01
23 8,65174E-01 B.19837E~01 7.716156~01 T.385156~01 7T.251556~01 T1.16233E~01 7.133436~01 7.08563E-01 7.03556E-01
24 8,59662E-01 8,23553E-01 7.747196-01 7T.41196E-01 7.27543E=01 7.183776=01 7.15261E~31 7,10348E-01  7.049656-01
25 8.74048E-01 8,27196E-01 T.TT76BE~DL 7.,43831E-0) 7.29894E-01 7.204886-01 7.17149E~01 7.12006E~01 T.06353E6-01
_26 8.78333E-01 8,307€2E-01 7,80762€-01 T.464236-01 7.32205E-01 7.22563E-01 7.19006E~01 7.13637E~01 7.07717€-01
27 B.TB333E-01 8.30762E-01 7,80762E~01 ¥,4664236~01 T.32205E-01 7.225636-01 T.19006E~01 7,13637E-01 7,0771L7E~0L
28 8.84119E~01 8.355STE-01 7.84831E~D1  7,49952E=01 7T.35356E-01 7,25394E~01 7,21540E~01 7.15864E-01 7.09580E-01
29 8.89TO0E-01 B.40276E-01 7.88783E~01 7.533B6E-01 7.38424E-01 7.28151E~01 7.24010E~01 7.180356-01 7.11398€-01

30 8.95073E-01  8.44796E-01 7.92612E~01 7.56720E~01  T7.41405E=01 7.30832E~01 7.264116~01 7.20146E-01 T,131666-01
31 9.00241E-01 8,491 54E-01  7.96314E~01 T.59948E-01 7.44294E-01 7.33431E-01 7,28T40E~0L 7.22193E-01 T.14878E~01
32 9.00241E-01 B8,49154E-01 7.96314E~01 T.59948E~08 7T.44294E=01 7.33431E-01 7.28740E-01 7.22193E~0) 7.14878E~01
33 9,05206E~01 B.53357E-01 7.,99894E~01 7.63075E~01 7T.47097E-01 7.35954E-01 7.31003E-01 7,241836-01 7.16544E~01
34 9.09955E~01 B.57390E~B1 8.03339E~01 7.66091E-01 7.49803E-01 7.38392€-01 7,33191E-01 7.26108E-01 7.181586-01
35 9,14490€~01 B.61253£-01 8,06647E~01 T.6BGI3E-01  T252409E-01 T.407426=01  7.35300E<01 1.279656-01. 7.19713E-01
36 9.18811E-01 8,64943E-01 8,09816E~D1 TY.T1776E-D1 7,549126-01 7.43000E-01 7.37328E-)1 7,29750E~01 7,212086-01
37 9,18811E-01 B.54943E<01 B.09616E~D1 7.TITT6E-01 T2549126-01 7.430006-01 T.37328E-01 T.29750E6-01 7.21208€-01
38 9,26B20E-01 8.T1824E-01 8,15750E~0L 7.T77T006E-0L  T.5962VE~D1 7.47262E-01 7T,41164E-01 7.33136E-01 7.26054£-01
39 9,33953E-01 B.780026-01 8.21108E~01  T,81T4B8E~OL T+b3916E=01 T.51149E<01 T.44670E-01 7.36234E-01 7.26674E~01
§0 9.402626-01 B.B3479E-01 8,25882E~01 T.85990E-01 7T.6T767E~01  7.54544E-01 7.47829E-01 T.39033E-01 7.290456-01
41 9.45740E-01 B.862626<01 B.30068E~0L  T.89723E-C1 T,7116TE~01 7.57T739E-01 T.50629E-01 7.41515E-01 7,31149E-01

Lzl



42 9,4574QE-D1
43 9,504178-01
4% 9.54291E-01

Be 88262601
8.923T0E-01
8.,957%98E-01

8430068E-01

8.33684E-01
3.36724E~-01

7.897238-01
Te92962E~01
T.95702E-01

45 9.57302E-01
45 9,59751E-01

47 9.59751E-01

48 9,6139BE-01

B8,98580E-01
9,006 74E-01

9.0067T4E-01
$.02160E-01

8,39195E-01
8.411106-01

8.411102-01
B.42481E-01

7. 979456-01

7.99700€-01

T.99700E-01 7

B.0097T7E-01

T 71167801
7 764133E-01
Te76558E-01

Ta577398-03
T4560645E-01
Te®2757E-01

7.50629E-03  7.41%5L5E~D1

T+53085€-01
7.55191E-01

Te43699E- 01
T.455316£-01

_7.31149E-01
7.33011E-01
7. 34636E-01

T TBT43E-01
7.80392€-01

. 80392E6-01
7.816355-01

7.54673E-01

Te66196E-01

7.651962-01

1.673318-01

Te569465E=-01

T.58345E-01

Te4T157E=01

_ 7.48422€-01

Te360158-01

T.371412-01

 T.58345E-01

T.5939TE=-318

T.48422E-01
T.69379E-01

7.371415=0%

7. 38016E-01

49 9.6236TE-0Y
50 9.62694E-01
51 9.62418E-01

52 9.6241BE-01

9.03040€-01
9.03335E~-02
9.,03072E~0L

9.03072E=-01

8,.433275-G1
8,42666E-01
8.435198-01

8.43519E-01

H.01783E-G1
8.02148E-01

8.02077€-01

B.02077E-01

T.82621E-61
_J.52823E-01

Te32836E-01

7.82836E-01

7.68035€=01
T+ 68469801

Te60L03E-01
7.60471E-01

7.50032E-01
7e50386E-01

¥.38662E-01
7239024E-01

Te686492E-01

T.684928-01

7.60511E-01

7.5044TE=-01

7.391568E-01

7.50511E-01

7.50447£~01

7.39168E-01

53 9.62071E-01
54 9.61594E-01
55 9,50993€-01
56 9.502726-0}

$.027436-01
9.02284E-01
i 91700%-01

2.009958=01

3.43273E-01

§.42913E-01
2.42442E201
8461865801

8,01885E-02
8.01592E-01

T.82702E-01
7.82476E-01

8.01199E~-01

8, 00709501

7,821598-0%
_1,81754E-01

7.685728-01
7.68165E-01

T 6THTIE=L

TabT4I6E-01

7.60610E=01
7.662288=01

T.30369E-01
7.50217E-01

7.329150E-01
74 39069£-01

7.599656-01
7.59624E-01

7.49992E~51
7e49595E-51

7, 38926501
T.38722E-03

57 9.602722-03
58 9,59263E-01
59 9,5B110E-01
50 9.56326E-01
61 9,554226-01

9.00995E-01
8.99996E-01
8.98834E-01
8.97518E-01
8,.960525-01

B.41865E-01
8.41037E-03
8.40065E~01
8.38954E =01
8437712801

8.00709E-0L
7.99997E-01

T+99183E~-01

7,981 81£-0%

T.97088E-01

7.81754E-01
7e81154E-01
7.80433£-01
7.79595£-01

T TB646E-01

7.67496E-01
7.656935E-01
7e66255€~-01
T.65662E=-01

7.64553E-01

759624601
7.59812E-01

7.496958-01
7,49245€-01

Te38722€-01
7.38395€=-41

T.58985E-01
T.577505-01

7.486388-01
7.48029E-01

Yo 3T974E~01
T.37463E-01

7.56908E-01

Te472695-01

T.36864E-01

62 9.55422E-01
63 9,53339E-01
64 9.51109E~01
685 9.48759E-01
66 9.46310E=01

8.96053E-01
5.94187E~01
8.92203E~01
#.90113£~01
8,87930£-01

8437T7T12E-01
Be36086E-0)
B8.34324E-01
H.32435E-01
3.30430E-01

7.97088£-01

T1.95629E-01

7.94021£-01

Te922TLE-CL1
7.90388E-01

7.78645€-01

7.773516-01
7.75884E=01

T 74250E-01%
T2T2456E=-01

T.564558£-01

Te63326E<61
7.6191%E-01
7.60326E-01
7.585756-01

7.56908E-01

T.47270E~01

T36865E-01

T.55746E-)1
7.54393E-01

T.%6205E~01
T.449338-01

T« 35985E=01
Y. 34854E-01

7.52854E-01
T.51134E=-01

T.%3455€-01
T.4177T7E-02

7433479801
7.31867E=01

87 9.43774E-01
68 9,41158E-01
59 9.28462E-G1
70 9.35680E-G1
71 9,32798E-01
72 9.29799E-01

8. 85661E-01
8.83310E-01
8.80880E-01
8, 78370£-01
8.75777€-01
8.730945-01

B.28384E=01
8.26089E-01
8.23760E-01
B421324E-01
8.18779E-61
8.16122E-01

T.86375E=01
7.86239E=01

7.83977E-01

7.81592E~01

7.79082E-01

Te76263E-01

73 9.26656E-01
T4 9.23340E-01

75 9.23340E-01
76 9.21854E-01

77 9.20321E-01
78 9,18739E-01
79 9.17106E-01

80 9.171064E~01

8.70314E-01
8.67427E=01

B.67427E-01
8.55933E=-01

8413345E-01
8.10440E-01

8.10440£-01
8.08958E-01

TeTOS07E-01

T.6840TE=01

7.66158E-01
_T.63730E-01

7.61213E-01
7.585158-01

T.586508-01
7.5458TE-01

7.49237E-01
T.9TI67E-0G1

7.39904E-01
T.37840E-01

7.3D022E~-01
T.27951E~-01

7.523576-01

7.49970E-01

T4742BE-01
T.44728E-01

Te%4925€-01
7.42513E-01

7.39931E-01

Te37180GE-01

7.35586E=01

7.33144E-01

7.25553E-01

7.23131E-01

7.30515E-01
Te27700E-02

7.203876-03
T.17419E-01

7.7367LE<01
T.70T59E=-01

7.707596~01

7.69284£-01

T.55651E<01
7.526488-01

7.52648E~01
7.511208-01

T GLIBTIE-O1
7.38852E-01

7.38852E-01
T.3T215E-01

7T434258E-01
Te31163E-01

7.24597E-0}
Te21505E~03

Te14225E-01
7.40805E-01

T7.21163E-01 ~

7.29582E-01

7.21505E-01

T.19865€-01

T 7.10805E-01

7.090278-01

8.64392E-01
8.52804E-01
8.61163E-01

B, 61168E-01

31 9,14572E-01
82 9.12120£-0%
83 9.09447E-01
84 9,06649E-01

TB.38735E-01
B.58197E-01
8.53553E-01
8.50799E-01

85 ©,06549E-01
85 9.03711E-C1
87 9.006365-01

3.50799E=-01
B.4T921E-01
8.44929E-01

8.G74356-01
8.05870E-01
8.042636-01

8.04263E-01L

T.677725-01
T.66223E~01
T.64635E-0}

T+54635E-01

7.69559E-01
T.47964E-01

7e35746E-01
Te341458-01

Te279712=01
7.26230E=-01

T.13199€-01
T4156507£~91

7.07228E-01
1. 05610801

" 7.46336E-01

Te45336E-01

Te325128-91

1.3253128-0%

7. 2465%E-01

7.24659£-01

7.14787E-01

T.14787E-03

T.03869E-01

T.03569E~01

T §.6185IE-01
7499412601
7.96851E~01
7.96196E-01

7. 9;@35:-0;
7.88580E-01

1 52296801
7.59866E-01
7.57363E=01
7.54777€-01

74520985~

7.49339€-01

V. 4359416-01
T41480E-01
T 38949E-01
_Te36347E-01

T.30113E-01
T.27652E=01

7.25128E-01

7.22539€-01

7.22209E-01
7.19704E-01

T.12273E-01
T.09713E-01

7.00888E~-01
5981 78E=-01

7, 17143601
7.165256-01

7.07105E-01

Te04449E-01

6. 95432E-01
$.92653E-03

T.36347E-01
7.33664€-0%
7.30913£-01

7.22539E-01
7e19875€-01
7.171528-91

7.i45258=0%
7.118388-23

T«04449£-01
7.017328-01

6. 92653E-01
5.89823E-01

T.69101E-01

5. 989THE-(L

5.85974E-01

8Z1



B8 8.97423E-01
89 8,94072£-01

90 8,940726-01

91 8.86922€-01
92 8,79202E-01

. B,41823E-0}

8.,38601E~01

Bo3B601E-0L

T.85630E-01

7T.82583E~01

7.82583E~01

8.31T86E-01 T.751B0E-01

8.,24503E-0%

93 8,70920E-01
94 B,62090E-C1

B.16777E-01
8.08601£-01

7.69401E-01

T 7.62251E-01
T.54739E-01

7.%6&99E-01_Al;2809#E,Q14~1;1§369EAQl__IlﬂélliE

T+43578E-01

+252068-01

7.11526E~-01

7,.03476E-01

\_6_&1_&1&—9-1- o
6493347€~01

b4 B¢ L
5.81212E=-01

7.43578€-01

7.25205E~01

T.11526€-01

7.03476E-01

6.93347E-01

5,81212E-01

737471 E-GL
7.31053E-01

7.24328€~01
T,17302€-01

7.19209E-01
7,129558~01

T.056%6€-01
6,99549€-01

5.97636E-01
6.21625€E-~01

6.8754TE-QL
6481629E~01

7.08450€-01¢
6,99702€-01

6,93243E-01

6.85449E-01

§¢T5595E-01
5, 69452E-01

6. 75348E~0)

6,59451E~QL

5.6351 9E~01
6.57555€-01

95 6.52090E-01
.96 B,52745E-01

8.08601€~01

7.54739E-01
8.00009E-01 7.46890E-01

T.173026-01
1.10002€-01

6:32732E-01

T6,99702E-01

6.,86734€-01

6.791156-01

6.86734E-0}
6.,80044€-01

6,79115E-01
6. 72643E-01

6.69452E~01
6.63218E-01

6.57555E~01
6., 51571E~OL

97 8.42901E~01 T.910096-01 7.38T1IE~01 7.02430£~01 6.85543E-01 6.731736=01 6,66027E-01 6.56884E-01 &,45551E~01
98 B,32584E-01 7.81625F=01 7.30224E~01  6.946106~01 6,78154E-01 &.66141€-01 6,59288E-01  6,5046TE~01 _be 39510E-01
99 8.21824E-01 7T.718B4E-01 7.21457E~01 6.86566E-~01 6,705916=01 6.58969E-01 6.52447E~01 6.4398B8E-01 6, 334569E-01
100 8,21824E-01 7.7188%E-01 7.21457E-01 6.86556E~0L 6,.T0S91E-01 6.58969E~01  6,52447E-01 6,439886-01  6,33469E-01
101 B,107T24E~01 7.61880E-01 7.12489E-01 6.7B371E~01 6.62919E-01 &.51718E-01 6.45559€-01 6.3T4998~01 6,274 T5E-01
102 7.99287E-01 7,51586E-01 7.03293E-01 6.569993€~01 6.55102E-01 6.44349E-01 6,38574E-01 6.309356-01  6.21433E-01
10377, 87555E-01  T.41043E-01 6.93907E~01 6.61469E-C1 6.4 TITOE~01 6.36892E-01 6,31520E=~01 6.24326E-01 6,153 75E-01
106 T.75576E-01 71.30289E-01 6,864373E~01 6,52839E~01 6.39178E-D1 5,293826~01 6,26429E-0L 6.17700E-08 6.093336-01
105 7.75576E~01 7.30289E-01 6.84373E-01 6.52839E~01 6.39178E-01 6.,29382E~01 6,24430E-01 6.177006-01 56,093336~01
106 7.69545E-01 7,24882E~01 6,79593E-01 6.48524E=01 6,351BBE-01 6,256416~01 5,20904E-01 6.14415€-01 6.06354E=01
107 7.63483E-01 7.19441E~01 6.74791E-01 6,44133E~01 6,31189E-01 6.21892E~D1 6.173725-01 6.11124€~01 6,03370£-01
108 7.57394E-01 7,139706-01 6,63971E-0L 6,39853E~01 6,27186E-01 6.18140E~01 6,13837E-01 6,07831E~01 &,00386E-01
109 7.51289E-01 7.0B478BE-01 6.651406-01 6.35508E~01 6,23183E~01 6.143896-01 6,10303E-01 6.04540E~01 5, 97406E-01
110 7.512896=01 7.08478E=01 6.65140E~D1 6.35508E~01 6,23184E~01 6.14389E~01 6,103036-01 56.04540E-01 5, 97406E-01
111 7.4519RE-01 7,02961E-01 6.60323E~D] 6.3L1B2E~01 6,19203E~01 6,10659E-01 6.06790E-01 £.,01271E~0L 5, 94450E-01
112 7.39115E-01 6.97497E=01 6.55506E~01 6.26860E~01 6.15230E-01 6.069356-01 6,03280E-01 5,98004E-01 5,91493E-01
113 7.33082E-01 6.920G1E~01 6.5049TE-01 6.22549E~01 6.11270E-B1 5.032226-01 S5.99777E-01 5.94743E-01 5,88541£-01
114 ¥,270176-01 5,86511E-01 6.45901E-01 6.18256E~01 6,07331E-01 $,99526E-01 5.96287€-01 5.91493E-01 5.85597E~01
115 7.276176~01 6,86511E-01  b.45001E-01 5,18256E-01 6.07331E-01 5.995266-01 5,96287E6-01 5.914936-01 5,855976~01
116 7,21039E-01 6,81053E-01 6.41142E=01 6,14000E~01 5.03429E-01 5.95862E-01  5.92827E-31 5,88270£-01 5,82681E-01
117 7.15118E501 6.75614E-01 6.,36409€-01  6.09772E-01 5.995556-01 5.92220E-01 5.89382E~01 5,850586-01 5.,79770E-01
118 7.09264E-01 6.70203E-01 &6.317096-D1 6,05578E=D)] 5,95T15E~01 5,88604E-01 5,85956E-01 5.81861E-01 5.76869E-01
119 7.03488E=61 B.65826E-01 6.27049E<01 6.01423E561  5.91913E-01 5,850196-01 5.82553E~01 5.786B36-01 5,73963E~01
120 7.03488E-01 6,64826E-01  6.27049E-01 75.014235 0L 5.919136-01 S.85019E-01 5.82553E-01 5.786836~01 5,73983£-01
121 6.94125E=01 ° 6.57954E<01 6.20957E-01 5.95926E-01 5.658T0E~01 5.802B4E-01 5.78057E-01 5.74486E~01 5. 701T8E-01
122 6.84314E=0)1 6.51247E-01 . 6.15019E~01 5.90565E~01 5.81925E-01 5,75630E-01 5.73622E-01 5.703286-01 5.66381E-01
123 6.75894E-01 6.44739E-01 6.0925BE-D1 5.85362E-01 5.77092€-01 5,71068E-01 5.69257E-01 5.66217E-01 5.62600£-01
124 6.67099E-01 6,38462E=01 5,03696E-01 5.80330E-01 5,72385E-01 5,66609E-01 5.649T1E-01 5.62159E-01 5,58844E~01
125 6.58560E<01 b, 32447E~01 5.98356E<01 5,T5486E-01 5.67815E~01 5.62260E-01 5,607F0E-01 5,58162E-01 5.551206-01
126 6.50302E-0)1 6.26724E-01 5.93258E=01 5.70848E=01 35,63393E-01 5.58031E-01 5,568596-01 5,54230€-01 5.51433E~01
127 6, 42349E-01  6,213216-01  5,884226-01 5.66424E-01 5.591316~01 5.539286-01 5.526456-01 5.50368E-01 5,47789E-01
128 6.,347226-01  6,16267E~01 5.838686-01 5.62233E-01 5,550356-0) 5.49957E=01 5.48T31E-01 5,48579E-01 5, %4193E-01
129 6,274386-01 6.11SB7E-0L 5.79607TE-01 5.582856=01 5.5L113E-01 5.86122E-01 5.44920E-01 5,42857E~01 5.40848E-01
130 6.20509E-01  6,D73CBE~01 5,75663E-01 5.54591E-01 5.47371E-0L  5.,42427E-01 5.641214E~01 $.33232E-0] 5,371576-01
131 6.139496-01 6.03455E-01 5.7204TE<01 5.51160E-01 5,563813E-01 5.388736-01 5.376L2E-01 %.35676E-01 5.337206-01
132 6,07762E~01 6.00054E=01 5,48774E-01 5.48002E-01 5.804408-01 5.35460E-01 5.34115E-01 5.32197E-01 5,30340E-01
133 6,01955E-01 5.971296-01 5.65857€<01 5.451226-01 5,372546-01 5.321896-01 5.307L8E-01 5.28795E-01 5,2T016E-01

6Ll



134 5.96526£-01
135 5.914764E-01

136 5.91474F=01
137 5,655738-01
138 5.37929E-01
139 5,08603E-01
140 4,78050E-01
141 4.46844E~01
142 4.15555£-01
143 3,84691F-01
144 3,54676E-01
145 3,2584BE-0)
146 2.98462E-0%
147 2.727045-G1
143 2,486956~01
149 2.26509E-01
150 2.,06175E-01
151 1,876B88E~01

152 1.8768BE-01
153 1,59262€-~

1564 1,34353E-01
155 1,12791E-01
156 9.43173E-02
157 7.85194E-02
158 6.53664E-02
159 5,42333E-02
160 %.4916LE-02
161 3.T1400E-02
162 3.,06616E-02
163
164
158
166
167
168

2.52695E6-02

2.07814E-02
1.704156-02
1.391716=-02
1.12954E=02
9,08002£-03

5.947T05E-01
5.92806E-01

5.92806€-01
5,T60938-01
5.53839E~01
5.278C7E-01
_4,99304E-01
4,69338E~01
4.38713E-01
4,086768-01
3,77946E-01
3,487338-01
3.20755E-01

T2.94246E-01

2.69376E-01
2.46256£-01
2024954€-01
2.05499E~01

2.05499E=01
1.75507E-01
1.46858E-01
1.255628~01
1.05416£-G1

§8,815645-02"

7.35097£-02
8.11306€-02
5,072408-02
6,200608-02
3,47204E-02
2.86407E-02
2.35591E-02
1.93350E-02
1457920502
1,281 48E-02
1,02951E-02

T.188428-03
5.54947E-02
4,10137E-03
2.T78990E-03
1.566376-03

169
170
171
172
173

174 1.56637E-03
175 1.624266-03
176 6.3612BE~D4
177 %,45672E-04
178 2.68014E-04
179 1.
180 0.

25664 TE-06

8.14453E-03

£.2816GE~03
4.54127E-03
3.16856E-03
1.822288-03

1.82228E-03
1.100615-03
5.98336E-06
4,44065E=04
2.644365-04

5053309E-01
5.6113%9E-G1

5.61139E-01
5.44285E-01
5424045E-01
5.00963£-01

4e75718E-01
4.49003:-01

44214608501
3.93656E-01
3.66076E~-01
3.39120E~01
3.13109¢-013

2.88295E-01

2.64861E-01
2.429408-01
2.22612€-0%
2.03917E-01

2.03917€-01
1.74944E~01
1.49072E-01
1,26278£-01
1.064312-01

8.,93205E-02

Te66918E-02
6.22691E-02

5,17766E-02

4,29513E-02
3,55510E-02

T EOYETeE-D?2

2.41785E~02
1.98457E~02
1.62137E-02
1e31572E-02
1.05690£-02

8.357G3E~03

6.44299E-03
4.,T60286-03
3,25272€-03
1.872616-03

1.87261E-03
1.12697E-03
T.05488E-04
G 43021E-04
2461552E-04

4,343 TIE-DT

B.52B66E-0F

5.42526E-01
5.40219E-01

5,40219E-01
5,23090E-01
5.03511E~01
4.82029E=01
4.58731E=01

4.08823E-01

34831341E-01

3.57536E=01
3.323678-01
3.07936E=-01
2.84486E-01
2.62205E-01
2.41229E-01
2.21647E-51
2.03505E-01

2.03505E-01
1.75251E-01
1.49931£-03
1.27569€-01
1.07871€-01

9. 08394E-63
7.61940E-C2
6.36909E-02
5.308006-02
4.41173E-02
3.65T41E-02
3.02411€562
2.49309E-02
2.04780E-02
1.673795-02
1.358578-02
1,09135€=-02

6455212E-03
4e91646E~03
3436434E-03
1494696E-03

1.94695E-03
1.16880E-03
Te22504E-04

4.48819E-04

2.62868E-04

5424252E-01
S5.31433E-01

59.29055£-01
5.26054E-01

5.274208-01
5.2642168-01

5.25465E~01

5422205E~01

5.237478~01
5.20530e-01

2,05067E-03
1.22847E-03
J.54915E-04
4,66715E~04
2.701825-04

5.31433E-01 5,26056E-01 5,26214E~01 5.222056~01 5,20530£-01
5.11553E=01 5.04791E~01 5,01593E-61 &4.99006E~Di 4,97325E-01
4,90923E-01 4.83327TE-01 4.79245E-01 4,76198£-01 4.744385-01]
4.5929BE~01 6.61634E-01 4.56931F-01 4.53600E~05 4,51 789E-01

4.46692E-01  §.39046E~01 6.34664E-01 4,31108E-01 4,29327E-01
4. 332T9E-01  4.16220E-01 &, L1B8B4E-01 4.086855-01 4.0 TOA0E~0Y
3.99323E-01 3,93098E-01 3,89235E-03 3,86363E-01 3,86951E-0%
3,75127E-01 3.69B76E-01 3.46634E~01 3.64208€-01 3.831126-01
3.50996E-01 3,467T2E-01  3,44229E-01 3,42326E-01 3,41 60GE-01
3.27221E-01 3,24007E-01 3.22182E~01 3,20833£-01 3,20506E-01
3.04056E-01 3.017865-01 3.00554E-01 2,99852E=-01 2.999256-01
Z,BIT19€-01  2.802928-01 2.797895-01 2.79407E<B1  2.79947E-01
2.60381E=-01 2.59676E-01 2.59T13E-01 2,59870E-01 2.50557E-01
2.40172E=01 2.40045E-01 2.405226-31 2,4%10828-01 2,421228-01
2.2117TE-01 2,21%848-01 2,22284E-01 7_;31005 01 2.26393E=01
2.03438E-01 2.04030E-0%  2,05033E-0F 2.06039€-01  2.07503E~01
2.0343BE-01 2.04030£-01 2,05033E-01 2,06049€=01 2,075036-01
1.75736E-01 1.76671E-01 1.779208-01 1.79178E-03 1.80817e-01
1.50837€-01 1.52097E-01 1.535596-01 1.55006E-01 1.56774E-01
1.25732E-01 1.30213E-01 1.318296-01 1.33410£-01 1.35254E-01
1.09285E-01 1,108958-01 1.12598E-01 ; 142536-01  1.16123E-0}
9, 23352502 9.398926-02 9.571075-02 9.T3836E-02 9.92315E-02
7276853502 T.031206~32 8,09944E-02 8,26333E-02 8. 4h1B4E-02
§.51180E-02 5.66623E-02 6.8259BE-02 6,98231E-02 T.15116E-02
5.43989E-02 5,58292E~02 5,73095E-02 5.BTE68E-02 6.03334E-02
4.53081E-02 #.66016E-02 4.794526-02 6.,92763E-02 S5.070495=02
3.76277E=02  3.87T57E-02 3.99735E-02 4.11680E-02 4.26502E-02
T3.1157BE=02  3.21602E-02 3,32112E-02 3.42683E-02 3.540055-02
2.57156E-02 2,85795E-02 2,74BBTE-02 2.B4073E~02 2,93971E-02
2.11424E=02 2.18752E-02 2.26514E-02 2.346056-02 2.629328-02
1.72923E-02 1.T908TE-02 1.3560BE-02 1.92299£-02 1,995558-02
$.40618E-02 1.45501E-02 1.509635-02 1.56543£-02 1.62640GE-02
1012830502 1.16976E-02 1.21443E-02 1.25069£-02 i.31124E~02
BL9Z255E-03 9.25605E-05 0.617565-03 9.99426E-03 L. 0#072E-02
5eB3215E-03 T.14542E-03 7.43343E-03 7.735336-02 8.06550E-03
T5.09284E-03 5.297586-03 5,5231BE-03 5.76041£-03 6.018396-03
3.49802E-03 3.65514E-03 3,82843E-03 4,00971E-03 4,20391E-03
T2.0505TE=03  2.17652E-03 2.30004E-05  Z.431B0E-03 2.56551E-03

2.170528~03
1.302598-63
7.963776-04

%.86596E-04

2.81031E-04

2+30004E-03

1.38784E-03
8.46744E-046

5. 14537E-04
2.95490E-04

2.431B0E-03  2,56551E=03
1.675925-03 1,56891E-03
B, 99910E-04  9.56173E-04
Se445028=-046 S5.,76%44E-04
34I1LR2TE~D0 3.283645-~04

'1.23445E<0%
O

1.21521E-04

O.

1.21563E-34
U

1,26388E=-0%
.

1.28328E-04
DO

1.34925E-04
G.

1.41538E-04
O'

1.48910E-04
O

0¢t



__GROUP FLUXES

R. NO.  GROUPS 19- 27 e
1 5.93004E=01 5.969846-01 5.00319E~01 6.009364E~01 5.97896E=D1 5.97436E-01 6,00174E-01 5.984926-01 4.09162E-01
2 5,93660E-01  5.97602E-01 6.00902E~01 6.01484E-01 5.,98402E-01 5.97899E-01 5.00587E-01 5.98842E-01 4,09539£-01
3 S.95617E-01  5.,99448E=01  6.02643E-D1 6.03126E-01 5.99912€-01 5.9952806<01 6,01814E-01 5,99882E-01 4,10697E~01
4 5.98848E-0) 6.02491FE-01 6,05511E-01 6.05832E-01 6,02396E-01 6,01547E-01 6.03821E-01 6.01572E-01 4,12733E-01

5 6.033046-01 6.06684E~01 ~ 6.004586-01 6:005556-01  6.05806E-01 6+04650E-01 6.06547E-01 6,038456-01 4&,15862E-01
6 6.08919E-01 6.1195TE-01 6.14414E-01 6,142306-01 6,10076E-01 6,08518E~01 6,09904E-01 6.06606E-01 4.205036~01
7 6.15604E-01 6.1B220E-01 6,20291€-01 6.19776E~01 &,15116E-01 6.130596-01 &6,137T9E-01 6.09730£-01 4. 27457E~01
B 6,23251E~01 6.25361E-01 6,269TTE~01 6.,26091€~01 6,208216-01 6.1B156E-01 6,18024E~01 6.13054E-01 4.38235E-01

9 6.31T30E-01 6.33246E-01 6.34340E=01 6.330586-01 6,27062E-01 6.236TOE-01 6.22453E-01 6.16378E-01 &,55661E~01
10 6.40888E-01  6.417195-01 6.42229E-01 6,40548E~01 6,33688E~01 6.29435E-01 6.26837E~01 6,19456E~01 4.84995E~01
11 6.50551E-01  6.50598E-~01 5.50469E-01 6.4B418E-01 6.,40527E~01 6.,35257€-01 6,30892E-01 6,2198TE-01 5,36000E~01
12 6.50551E-01 6.50598E-01 6,50469E~01 6.4841B€-01 6,40527E~01 6,35257E~01 6,30892E~01 6,21987E-01 5,36000E~01
13 6,61 738601 6.50681E<01  6.59618E-01 6.56952E-01 6.47511E~01 6.407T3E-01 6.3%458E-01 6.23488E-01 5.67902E~01
14 6.72905E~01 6.70440E-01 6,68140E-01 6,64551€-01 6,53014E~01 64,443456-01 6,36220E~01 6.227136~01 5,85291E~0}
15 6. 83514601 6.79398E-01 6.75461F<01 6.70727E=01 6.56414E~01 6.45304E-01 6. 354336-01 6.18840E-01 5. 92390E~01
16 6.92922E-01 6,865526~01  6,80BB3E~31 6.748756=01 6,56888E6~01 5.42774E~01 5.31251E~01 6.10B96E-01 5,91424E~01
17 6.929526-01 6.B6552E-01 6,898B3E~01 6.74875E-01 6.56888E-01 6.42774E-01 6.31251E-01 6,10896E-01 5.91424E-01
18 6.94146E-01 6,87435E-01 6,B1480E~01  6.75285E-0) 6,56666E-01 6.42044E~01 6.30312€~01 6.09271E-0) 5.90752E~01
19 6.953696-01 56.86319E-01 6,B82080E<01 6.75703F-01 6.56451E-01 6.413236-01 6,29391E-01 6,07659E~DL 5.90062€-01
20 6,96592E-01 _ 5,89203E~01 6,82681E~01 6,76128E-01  6,56239E~01 6.40608E-01  6,28486E~01 6.06057E~01 5,89355€-01
21 6,97813E-01 &.900B4E~01 6.832826~01 &,T6E5TE<01 6,56028E-01 6.39893E-01 6,27594E~01 6.04460E-01  5,88629E-01
22 6,97813£-01 6,90084E-01 6,83282E-01  6,7655TE-01 6.56028E-01 6,39893E-01 6,27594E-01 6,04460E-01 5.88623E-01
33 6.99039E<01 6.90974E<01 6.83832E-01 6.76995E-01 6.558156-01 6.39154E~01 6,28674E-01 6.027756-01 5,B7847E-01

24 T,002476-01 6.91853E-01 6.84494E-01 6,77429E~01  6.55610F-01 6.3B433E-01 6.257T6E-0L 6.01133€-01 5.87050£~01
25 7.01436E<01 6.92717E-G1 6.85087€-01 6.778556-01 6.554106-01 6.37728E-01 6,245956-01 5.99527€~01 5.86239E-01
26 7,02606E-01 6.93565E-01 6,85667E-01 6,782TOE-01 6.55210E-01 6.37031E-01 6,24027E-01 5.97951E~01 5.85414E-01
3T T.02604E-01 6.935656-01 6.85667TE~01 6.78270E~D1  6.55211E~01 6,37031E-01 6.240276-01 5.97951E-01 5.85414E-01
28 7.04201E~01  6.,94726E-01 5,86463E~01 6,78B40E-D1  6,54942E-01 6,38078E-01 6.22840E-01 5.95785€-01 5.84246E-01
79 T.05758E~01 8.95881E-01 6.87243E<01 6.79398E-01 6.54690E-01 6.35165E-01 6.216986-G1 S5.93706E~01 5.83078E-01
30 7.0T272E~01 6,96964E-01 6,87999E~01  6,79938E-01 6.54445E-01  6.34280E-01 6.205926-01 5.916986-01 5.81910E-01
31 7.087385~Pp1 6.98029E~01 6.B8727E-01 6.BOL54E-01 6.5419B8E-01 5.33411E-01 6,19511E-01 5,89746E-01 5.80741E-01
37 7,0873BE-01 6.98029E-01 6.88727TE~D1 6,80456E-01 6,541986~01 6.334116~01 &.19511E-01 5.89746E-01 5,BOT41E-0)
33 7,10165E~01 6,99066E~01 s 85436E<D1 5,B0959€-01 6.53955E-01 6.32556E-01 5,16451E~01 5.87823€~01 5,79569E-01
34 T.11566E-01  T,00073E~01  6.90126E=01 5.514506-01 6,537306-01 6.31744E-01 6.317441F-0) 5.85931E-01 5.78425€-01
35 7.12879E~01 7.010436-01 6.907926-01 6.81922E-01 6.53514E=01 6.30965E-01 6,164726~01  5,84238E-01 5.77306E-01
35 7,14159E~01  7,01973E-01  6.91427E-01 6.823726~01 6.53297E-01 56.30208E-01 6,15536E~01  S.82549E-D1 5,762096-01
37 7.141596-01 T.019736-01  4.914276201 6.673726-01  6.53298E-B1 5.30208E6-01 6.15538E~01 5.82549E-0L 5,76209E-01
38 7,16599E-01 T.03765E-C1 6.92666E~D1 5,83255E-01 6,352946E~01 6,28834E-01 6.13816E-31 5.79403E-01 5.74131E-01
36 7,188516-01 7.05540F-01 6.93845E-01 6.841056~01 6,52722E-01 6.27715E-01 6.12369E-01 5.76T30E-01 5. 72294E-01
40 7.208926-01 7.06968E-D1  6.94931E-01 6.8489GE=-01 6.525668-01 6,26777E~01 6,111356-01 5.74434E-01 S.70673E-01
%1 7.22703E-01 7.0B321E-01 6.95893E~01 6,85585E-01 6.52429E-01 6.25958E-01 5.100606-01 5.724326~01 5.69243E~01

1€



42 T.22703E-01
43 7.29309E-01
44 T.25717E-01

45 7.269156-61

48 7,27697£-01

47 T.,27897E-91
48 T.26863E-01

49 1.29212E-01
S50 T.429547E-01
51 7.29672E-01

52 7,296728-01

33 7.29854E-01

54 7.2957BE=01
55 7,294456-01

56 7.29256E-01

7.0B8321E-0]1
7.09542E-01
7.30645E-0]
TATE1TESDL T
Te124458-01

12445E-01
7 131315 ~-01
7413615501

T.14078E-01

Te143456F-01

J.163462-01
7 14425861
7.14463E-01
7.14458E-01

Tel4412E-01

57 7.292568-01
58 7,28953E-0}

59 7,2B8560E-5%
60 T,28080E-01

81 T.27517E-01

52 7.275376-01
63 7.26677E-01
64 7.25580E-01
65 7,24230€-01

88 7,22634E-01

87 7,20797E<61
68 7.187228-01
69 T 1641101
70 7.13868E-01
7; 7.1109«5 -01’

737, 048505 -0t
T4 701380601

75 7.01380€~01
T& 5.99574E-01

T 6.977488-01
T8 6495964E-01
79 6.94039E-01

80 $.940395-01
81 5.91526E=01
H2 4, 88588E-01

83 5,858235-D1

84 6.83030E~01

85 6.83030E-D1
BE 6,80161E-01
BT 647T7341E-01

6 323025-01""‘

T.14412E-01

1.14298E-01
7 141125-01
7.13859E-0;
Te13539E-02

7.135398-01
T7.12973E-01
7,12085E-01
7.108858-01
7.qg;§,e_al
7 07580801
7.056875-01
7.03106€-01
7.00435€-01
6.97479E-01
_6.9%235E~G1
5.90704E-01
5+86879€-01

be 86679E~01

6.80748E=01
6.786826=01

6.78682E~-01

6. 75685E=G1

5.72688E~01

6,596 84E-01

$.66571E-01

E.56671E-01 5

6.53621E-01
T 6.60587E-01

6.95893E~01 5,85585E~01

6.96TTSE=D1  6.85227E=01
6.97506E=01 5, eagqgg:gi
6.98355E-01 8, 87412E=01
6.99040E-01 $.67923:5-0%

6.25958€=01 _6,100508-0

6,253 24F-61
6425000553

6.692028-31
6.08656F~ 01

707 84E-41
.69664% =01

1 5;12&325491, —5e89283E~0L

S.680528-01
5487188801

6024936E~01

6.E5IC0E-0Y

6.08387E~01
608368501

3.59018%-01

5.686306-0;
5.688038-03 5.

$835358~01

6.9964CE-01 6.87923E=0%  8,53057<01 6,261 60E-01 5.083685-01 5.58305E-01 5,663556=01
6,99628E~01 5,8B371E=-01 6.53511E~01 6.25494E-01 ° 6.08589E-01 5,59016€- =0l S5.66354£-01
" T7.00130E-01 6.86754E-01 $.5406 16<81 5261 19E-0L 5,090475-01 6.59653E-0] Be 5661 TE=G1
Jo00546E-01  6.8906B8E-0)  6,56719E~ =01 6,26977€-01 5.097358=-01 Se70715E-01  5,67130E-0}
T.00880E-01 5.89314E-01 " 6,554995=01 5. 280795-01  6.106535-01 S.72212¥-03 &, STBTIE-0L
7.03880E-01 5,89314E-01 6.556935-&17;§.28079E—91 6, L05SIE~01  5,722128-91 S.6T8TTE-0L
CT.0T0L3E=01  5,894045<C1 5.55911£=01 6.28T025-01 6,11iTHE-DL 5,73094E=DL S.68317E=01
7.01108E-01 6 89466E=-01 6.66337£-01 6,29356%- 0L 6011732E-01 5,74046E=-3% . 58788E-01
ToGLL73E-01 6,89495E<D1 6,56773691 5,30046E-01  S.12316E-01 B5,75072E-01 Se6928TE~-GY
LT.012128-31 ,é +89498E-0%  5,57223¢ “U1  6.30776E-0L  6.12931E-0) 54T6178E-CL  S5.69812E~03
7.01212E€=01 6.,894986-01 5437223801 6.30TT6E-01 6, 129316-01 5. T6LTBE-0] 5,69812E-01
_7.0L20BE-01  §,894532-31 _B5.57TEOE-DL  6,31665€-0} s, 13677E-01 5,77548E-01 5, T0448E=01
Te01141E-01 6,89347E-0%  5.582725-03 6. 32563€~01 5,144225-01 5,789695-061 &, TIOT6E-T1
TeOL0L7E-01 6,891 91 E=03 5.58781E-03 _6 agggggfai b.i5l10=-01 54354538-01 5 71694501
Te008395-01 5,88059E-01  5.50093£-0% %,859268=-01 E.820128-G% 5, 72209E-01
_J.00839E-01 6,88959E-01 4.5 293E-01 6,3443DE-01 6,15925E-01 _ 5.820125-01 5.?22985-9}
7.00423& O3 5.88495E-01 6.59503E-01 6.35107E<01 5.166AGE-01  5.B3240E-01 5. T28TBE-0%
2 Y9E50E~01  6.8T683E-01  6,59353¢= S53E-01 6.352116-0L &.156390E-01 5.537355-01 5, ¥2502£-01

6 L 9B529E-01 6.86530E-01 6. 58821E-01 6.34T0JE-0L 6. 15772E-01 5.835235-061 5, 717976=01
_5370T0E-01  6.85042E-01  5.57403E~01 5.336135-@1 6, 14603E-01 5,826188=01 5,705625-01
8.95276€-01 6.837258~061 6.557056=0% 3I9708-01 6.12094E-01 6,810355-01 5.588028-01
6.93L59E-01 6,81084E-31 4. «535426-03 & .ze77c=—g_ﬂkg,10650--c' _B.TBTINE-01  5.66522E-0]
6.90717E-01  6.78621E-0% 6,3509165°01 6.370256-01 5.75838E-0L 5,53729E-01
6.87954E-01 6,75840E-01 6.47830E-01  6,237328~03 81 5.72335€-81 5, 5042 8E~01
5.84871E-01 6.7274%E “0L  6.44285E2-01 3.,193998-0% 1 5,68132E-01 5.566245-0)
5.81467E~01  §,59329E-01 6.60276E-01 6,15920E-01 5,96433E-D1 §,632308-01 5, 52325€6-01
- S.TTTHUE<GT  5.5%500E<01 5235798E-0F 6.10500E-01 5,91576E-01 3.57774E=01 5.4 75368501
5.73688E-01 s, +OLE5%E=01  4,30843E-0} $.05101E~01 5.4851958-01 __5.31608E-01  5,422656-01
5.736885-01 6.61554E-01 6.30843E-01 6.951018-01 &,66195E-01 5.5;60@5-01 5.42265€-01
77g,5939@£132 6.28?22§-u1 5.018468-01 5, 83068E-03 fSTTVTE=BL  8,39279F =01

TE26E-01 5.25222E~G1 5.986098-01 5. 6J005E=-0Y 5 44005E~01  5,36303E-01

6.57143E-01 6.;5049& ~01  5.2244 1E~ 01 75ﬁg;94@§:g; 5e T5943E-01, §.402$TL 0l 5.33339z-01
6+64948E-01 6.528635-01 4,196T8E~01 «92287E~01  5,733005-01  6,306178-01 5.30385E-01
6:06948E-01  6.52863E~03 6.195756-01 5,92287E-01 5, 73900E-01 5.36617E=-01 4.303855-01
5. 6L789E-01 "8, 49695E-01 6, 1558 15=07 5e8TT2IE-01  §.495026-61 5.31303E-01 Se 261 1HE~DY
5.586026-01 5.48542€8 6,117548-01 5,832748-01 65201E-01  5,26163E~01 5.21927E-01
8.55443E-0%  6.433908=01 6.J79e45 03 5.759316-01  5.609305~01 35,011645-0 -0i 3.,i78i7E-0%
$e52285E-01  6,402415=01 5.041208-01  5,74875£=0% _BeEH354E~01 5,163 1 5.13¥83E-0)
5.52288E=01 6.,40745501  5.641955= =01 5.T46TAE-OL  5.55054E<01  5.13%45F< -01 5,13783E-01
8.4910LE-01 6.370665~01 6, 00313E-01  5,70414E-01 S, sgziﬁgwavffgjggsase =04 $.097585-93
6.45949E-01 6.339228-01 5.96615€6~01 5. 66306E-01 5. 48TI4E-01 5.06392E-01 5. 05 BTQE-01

el



B8 6,.74478E-01
89 §,T1602E-01

90 6.71602E-01

31 6,65795E~01
92 6.59994E~-01

93 6,54198E~01

94 6,48409€-01

£,57566E~01
654553601

6454553601

6.485376-01
 6.42641E-01

6.364850E~01

6.31160E-01

6.42826E~01
6.39727£-01

6:39728€-01
6.33587E-01
6427 H43E-01

6.21880E~D1

641628TE-0Y

95 6.4B409E~01

6.31160E-01

5.16287E-01

4.,30807E~01

5;93Q1i£le441g623§2E,Q14ﬁ5.

iE -0l 5.02489E-01

-5.023115F=0}
4., 98489€-01

6.277LBE~D1 5,80501E~01 5.58508F-01 5,41123E=-91 4,982B1E-0L

6,27718E-01 5,89501E~81 5.58508E-01 5,41123€-01 4,98281E-01 _4.98489E-01
6,21598E~01 5.82538E=01 5,51164E-01 5,339656-01 4,90347E=01 4. 9158BE~01
6,156 T5E=01  5,.76409E~01 5.44540E-01 5,27491E-01 4,33445E-01 4,85394E-01
6.09932E<01  5.70583E-01 5.38569E-01 5.21651E<01 &.77482E-01 4. 79885€~01
6.,04351E~01 4,72394E~01  4,750376~01

6.,06362E-01

5.,65189E-01 5.33201€-01

5,65189E-01 5.33201E-01

S.16409E-01

5.16409€-01

4,72394€-01

4, T5037E-01

96 6,42639E-01  5.25573E-01 6.10861E-01 5.9895%E-01 5,6323)E=-01 5,28396E~01 5,11729£-01 4.68117E-01 4,70828E-01
97 6,36867E-01 6,20051E-01 6.05554E~01 5.936560E-01 5.58523E~01 5,24026E-01 5.07503E-01 4.64498E-01 4.67169E-01
98 6,31110E-01 €,14604E-01 6.,00373E-31 5,8B8480E<01 5,51164E-01 5,20093E-01 5.03727E-01 4,61535E=-01 %, 64057E-01
T3976.25385E-01  6.09246E-01 5.095330E-01 5.83416E~01 5.4713TE=01 5,166076-01 5.00404E-01 4,59248E-01 4,51491E-01
100 6.253856-01 5.09246E-01  5,95330E~01 5.83416E-01 5,4713TE-01 35,166076-01 5.00404E~01 4.59248E~01 4. 61491E-01
101 8.197338-01 6 04008E<01  5.90444E=01 5.7847TE-0L 5,434126-01 B5,13494E-01 4.97461E-01 4.574568E-01 &, 59387E-01
102 5.140556~01 5,987406-0% 5,85539E-01 5.73488E-01  5,39715E-01 5,10423E-01 4.94611E-01 4.55848E-01 4.57524E~01
103 76.08379E-01 5. 91455E-01 5 .8D640E-01 5.6B458E~01 5,36086E-01 5.074326-01 4.91882E-01 4.54439E-01 4,55921E-01
104 6.02736E~0)1 5.88212E-0% 5.75771E~01 5.63393E~01 5,32568€-0L  5,04565£-01  4,89302E-01 4,53308E~01 4.54604E-01
105 6.02736E~C1 5,88212E-01 5.757T1E-01 5.53393E-81 65,32568E~01 5.04565E~01 4.89302E~01 4.53308E-01 4. 54604E=01
106 5,99959E€-0% 5,85629E~01 5,73382E-01 5,50875E-01  5,308856-01 5,03202E-01 4.838083E-01 4,52833E-01 &.54048£-01
107 6.97178E-01 5.83025E<01  5+7096TE~01 5.58312E~01 5.29169E~01 5,01788E-01 4.86828E-01 4.52325€-01 4.53501E-01
108 5,94398E-01  5.80404E-0% 5.68531E-01 5,55703F~Dl _5,274276-01 5.00329E-01 4.85544E-01 4.51794E-01 4.52973E-01
100 5.91623E°01 5.77769E-01  5.66075E<01 5.530508-01 5.,25664E~01 498831E-01 4.84234E-01  4,51249€-01 4.52468E-01
110 5.91623E-01 5.7TT7T69E-01 5.660756=~01 5.53050E-01 5.25664E~01 4.988316~01 4.84234E-01 4.51249E-01 4, 5246BE-01
111 5,88R70E<01  5.TSL42E<DL  5.63621E-01 5.50372E-01 5.23303E-01 .973126~01 4,82910E-01 4,50680E-01 4, 51 979€-01
112 5.B6116E-01 5.72484E=01 5.61128E-01 5.47625E=01 5,22086E-01 4,957056-01 4,81517€-01  4,50037E-C1 4.51479E-01
11375,83364E-01 5,69799E-01 5.5859TE-01 S§.44807E-01 5,20220E-01 4.94014E~01 4,80061E-01 4.49330€-01 4.50974€-01
114 5.80619E-01 5.6T090E-01 5,56033E-01 5.41919€=01 5,183126-0% %,92245E-01  4,7854TE-01  4,4B8558E-01  4,50472E-01_
115 5,806 19E-01 5.67050E<01 5,56033E<01 S.41919E=01 5.183126-01 4,92245E~01 #%,78547E-D1 4,4B56BE-01  4,50472E~01
116 5,77897E-01  5,64376E~01 5.534556-01 5,38981E~D1 5,163B5E-01 6,90625E-0D1 4,¥5990€-01 &.4T¥52E-01 4.49971€-01
1176, 751776-01 ©.61523E-01 5,50B24E~01 5.359486-01 5,183B87E-01 4.884B4E-01 4. 75340501 4,468336~01 4.49648E-01
118 5,72462E-01 ,5 58831E-01 EWﬁ8143E 01 5432818€-01 5.12324E=01 4.86427E-GL 4,73600E-01 4,45819E-01 4,48913E~01
119 5.697576-01 5,56004E-01 5.45612E~B1 35.29590E<01 5.10202E-01 4.8425TE-01 4.7L7756-01 4,447L9E~01 4,483 T3E-01
120 5.6975TE-01 5.56004E=0L 5.454126~01 5.295906~01 5.,10202E~D1 _%,8425TE-D1 4,71T756-01 4.44719E~01 4.48373E-01
121 5.66183E~01 5.52L55E-C1 5.41669E-01 5.2697TE=01 5.07291E-0L 4,81164E-01 #.692216=01 4.43150E-01 4. 47617E~01
122 5.52605E-01 5.48382E-0L 5.33009E~01 5.206026~01 $,06398E~01 4,79191E-01 4,66T196-01 4.41578E-01 4.48736E-01
123 5.590295-n1  5.44682E-01 5.34430E<01  5.16449E-01 5,01533E-01 4, 7533BE~01 4:642756-01 4.,40020E-01  4.45T486-01
124 5.55463E-01  5,41058E=01 5,30934E~01 5.12505E-D1 4,98707E-01 4.72609E~01 4.61895E-01, 4.38490E-01 4.446T1E-Q1
125 5.51983E~01 5.37508E-01 5,27521€01 5.08760E-01 %.95923E-01 4.70007E~01 4.59587E~01 &, 37003E-01 &.A3520E-01
126 5.48364E-01 5.34034E-C1 5,24191E=01 5.052056-01 4,93207€-01 4.5753SE-01  4,57355E-01 4.35S70E-0l 4.42308E-01
127 5.%4880E<01 5,30637E-01  5.209%6E-01 5,018336-01 4,30548E-01 4,65197E-01 5.55204E~01 &, 34206E-01 4,41047E-01
128 5,41407E-01 5.27319E~01 5,177876~01 4.986406-01 4,87959E-01 4,62999E-01 4,531406-01 4.32922E-01 4. 39746E-01
129 5.37966E-01 5.56082E<01 5,14T16E<01 4.956276-01 4,B5445E<01 &.60947E~01 &,511686-01 4#.31731E~01 4, 38412E~01
130 5.34551E-01 5.2092TE-01  5,117356~01 4.92TT8E-01  4,83013E~01 4,59047E-0L  4.43290€-01  4.30643E-01 4.37051E~Q1
131 5.31193E-01 5.17858E-01 5.08846E<01 4.90107E-D1 &,A0667TE<01 4.57308E~01 %.475126-01 4.20672E~01 4.35669E-01
132 5,21863E-01 5,14873E-01 5.06051E-01 4.8T612E-01 4.784115~01 #.55737E-01 4,45837E-01 4.28829E-01  4.34266E-01
133 §.,24571E-C1 5.11979E=01 5,03353E<01 4.,85294E301  4,76250E-01 &,54344E-01 4.482696-01  4.281266~01 %.32844E~01

€€l



134 $,21216E-01
135 5,1B097€=-01

136 S5,18097€-01
137 4.94883€-01
138 4,72009E-D1
139 4,49418E~01
140 4,27076E-01

141 4,04078E-01

142 3.831a4F-01
143 2,61617E-01
144 3,40656E-01
145 3.,319733E-01
146 2.99523E-01

147 2,7¢9028-01

148 2,60936E-01
49 2.42684E-01
150 2,25189E-01
151 2,084B80E-01

152 2,0B4BOE-D}
153 1.82028E-03
154 1.58160E-01
155 1.36759E-01
156 1,17693E-0%

157 1,00818E-91

158 B.,59787E~02
159 Y,3D102E-02
160 6,17%30E-02
161 $.20060E-02
162 4,36%10E-02

163 3,64555E-02

164 3,03283E-02
165 2.,51008E-02
166 2.06478€-02
167 1.68499E-02

168 1.360156-02

169 1,08091E-02
170 8,39057E-03
171 6427398E~03
172 4.39615E-03
173 2,70134E-03

1764 2,70134E-02
175 1.658578-03
176 1.01343E-03
177 6.10393E-04
L78 3,443356-04

5.09177E-03
5.064T3E~01]

5.06671E-01
4.B67695-01
4.660628-C1L
4 4H5880E-01
44234%4E-01
4,02094E-01
3.80817€-C1
3.,59771E-01
3.35043E-51
3.18734E-01
2.98906E-03
2.75638£-01
2.6C990E~01
24%3017E-01
2.25758E-01
2.09243E-01

2.09243E-01
1.83040£-01
1.593625-01
1,368935-01
1.191L8E-01
1.622665-01
B.741T6E-02
Te44054E-02
6,3066TE-02
5.323795-02

4TS THE=D2

3 T65668E=0F

3.122598-92
2.538876F=02
2.132708-02
1.74281E=-02
1.40867€-02
112095502
B.71438E-03

528164E-03
4586 13E-03
2.83019E-43

24830198-03
1475233E-03
1.076442E-03
6446970E-04
3.66312E-04

179 1.58648E-04
180 0O,

1.65334F<04

G

5.00755E-01
4.908260E=-01

4,98260E~01
4, 30253E-013
4051 GBOE-01L
4.41150E-01
44201 755E-0N2

4 ,00152E-31

3.79498E=01
3.56976E-01
3,28697E-01
3.18768E-01
2.99279E-01
2.56305E-03
2.61914E-01
2,44159E-01
2.27081E-01
2.107126-01

2.10712E-0¢
1.84687E-01
{.61118E-51
1,3990TE=-01
1 420933E=01%
1.04068E-33
5.91551E-02
7. 60555E-02
£.48089E-02
5.465TTE=02
4 60455602
3.862426<07
3.22468E-02
Z.8TTI0E-02
2,20958E-02
1.80826E-02
1.46358E-02
1 16625802
9,07569E-03
5.81326E-03
4.796590E-03
2.97649E-03

2.97049E-03
1.B6923E-03
1.12711E-03
5.348T77E-04
3e87241E=04

4.31211E-01
%,6T245E~L1
6.51021E=01
4.33274E-01
XY 3&539E =01
3.95211801
3,755856-01
3.55886E-01
3.36291E~01
3.16941 E-01
2.97947E=01

T2 ¥9403E-01

2.61382E-01
2443945801
2.27138E-02
2. 10993E-DE

2.10993£-01
1.85279£-01
1.61949E-01
1.40912E-G3
1.,22056E-01
1.065255E-01
9,037176-02

T.72615E-02 7

6eETTH2E-(2

5.57622€=02

4.70729E-02

3.95621E-07

3.309056-02
2. 75249E-02
2.27493E-02
£.66454E-02

1.51130E-02
1, I05B0E-07
9,40355E-03
T.06967E-03
4.99218E~53
3.112188-03

3.11215E-03
1945643803
1.,20037£-03

4,76188E-01 §e3141E-0L 6.62810E-01 6.27575E-01 4.31402E-01
6L TR228E-05 V6. E213HE-CL G, h1A53E-51 £,27L90E-0% 4.2993 FE-01
4.72226E=01 4.521388-01 4.414635-01 4.27190E-01 4.29937€-01
6.578258-01 £.43576E~01 &.31663E-01 #.225T9E-01 h.19375E-01
4 42099E-01 4.31707E-01 4.200345-01 31153335 01 4o UB39LE-OL
+25267E-01  4.17528E-01 4,06755E-01 4.0364005~-01 3.98483E-01
777_~Agz5g§§-01 _4.01748E-01  3,921164E-01 3 90472E-01 3, B3524E~01
3.89193E-01  3.54883E-01 3,764235-01 3. 76080E-01  3.60583E-01
3.7049BE-01 3.67319E~01 3,599755-01 3.50638E-01 3.54818E-01
3.51616E-01 3.49358E-01 3,43036E-61 3,44484E-01 3,394} TE-01
3.32753E-01 3.31234E~01 3,25824E-0} 3.27092E-01 3.23561€-01
3.14048E-01 3.13135E-01 3.085365-01 3.310858-01 B3.,074928-01
2.95622E~01 2.95212E-01  2.913295-01 2.94250E-01  2,9131i7E-0%
2.775TTE-01 2.775865-01 2.76534E-01 2.775588-G1 2. 7S200E-0%
2.59996E-01 2.60356E-01 2,57655E-01 2.61073E-01 2.59265E=0%
2,42945E-01  2,83599E-01 2,51382E-01 2.44950E-01 2.4361 8E-01
2.28479E-01  2,27379E-01 2.25577E-01 2.292B4E-01 2.28344£-01
2.136367-01 2.1 PE-0L 2.102916-01  2,14118E-01  2.13513E-D1
2.10636E~01 2.117456-01 2.10291£-01 2.141186-01 2.13513F-031
1035313E-01 1.86666E-01 1.85733E-01 1.89601E-G1  1.695138-D1
1,62288E-01 1,637976=01 1.632856=01 1.67065E-01 1.873676-0%
1.516B4E-51 1.436805~01 1.6429088-01 1.46523E-G1 1.471G5E6-C1
1022797E-01 1,24429E-01 1.24521£-01 Lo 27930E-01 128706801
T1.96110E-01 1.GT737E-01 1.0a0>sE 51 1,11207E-D1  1.12110E-01
9.12953E-02 9,28834E-02 9.33186E-02 9 $2551E-02 9, T23096-02
LB21616-02  7,9737iE-02 a 02697E-02  B.29591£-02  B.396826-02
Be6T2H6E-02 6,81622E-02 6.8T332E-02 _ T.11963E-02 7.22018E-02
5.66026E~02 5.80200E-02 5.865765-02 6.08390E-02 5. 181 74E-02
G T9%SNE-02  4,93724E~02 4. 9TS11E-02 5.17589E-02 5.28912E-02
T4O3TI9E-02 4.14840E=02 #.200418-02 6.33285E-02 %.#7005£-02
3.382926-02 3.43241F-02 3.53913E-02 3.692435-02 3. T7263E~0%
2.61697E-02 2.90687E-02 2,95928E-p2 3 3.165356-02
2.39365E-02 2.43D128-02 2,457835-02 2.57253E-02 2.53724E-02
1.91839E-02  1.901335-02 2.023398-92 2.12131€-02 2.17798E-02
1.55474E-02 1 63054E-02 1.64TOTE-02 1.729198-02 31.777938-02
124235502 1.28861E-02 1,31963E-02 1.387135-02 1.62819E-02
9.69954E-03 1.00721E-02 1.032055-02 1.08665E-02 1.12028E-02
7.30033E-03  7.58679E~D3 7,79270E-03  8,20007E~03 B.46745E-03
5.15672E-03 5.35934E~03 5.52148E-03 5,796178-03 6,00723E-03
3.20296E-D3 3.32274£-03 3.455815-03 3.579465-03 3. T5361£-03
3420296E-03  3.32274E-03  3.455B1E-03 3.579455-03 3.76361£-03
2.02979E-03  2,12553E-053 2,21373E-03 2.313536-03  2.4076DE-03
1426089E-03 1.32898E-03 1.3BB12E-03 1.460156-03 1.51547E-03
Te62376E-04 B.064YSE-06 B.65154E-04 5.91688E-06 9.25343E-04

T.23501E-24
44 0BTETE=DG

4o 3DITTE~D4

42564 T6E-04

4, 78339504

5.05395E-04

5. 25689E-04

1.74505E-04
Do

183951 E-0%

Do

1.939083E-0¢
De

2405410£-0%
Do

2. 15304E-04
C.

242833%E-04
0.

2+ 36876E-04
e

el



_GROUP FLUXES

Ry NO. _ GROUPS 28~ 33 e o
1 4.776518~01 5.0056138-01 4.99813E~01 4.91028E-01 4.13134E-01 1.46620E 01
2 %.7T96TE-01  5.00938E~01  5.003236-01 #.91504E-01  4,73563E~01  1.46504E 01
3 4,79540E-01 5.02525E-01 5.018606=01 #.92933E~01 4.74B55E-01 1.45150F 01

4 %,B2246E-01 5.05208E-01  5.,04441E-01 4.95315E-01  4.76994E-01 1.45538E 01

5 5, 86226E-01  8.0G0RBESCY  5,08089E~01 4~986476~01 4.79962E~01 1.44639E 01
6 4,91699E-01 5,14114E-D) 5,12829E-01 5,02915E-01 4.837196-01 1,43405€ O}
7 %.989B1E-01 5,204926~01 S5,1B6T3E-01 5.08078E-01 4.88195E-01 L.41777€ 01

8 5.08500E~01 5,28238E-01 5.25588E~01 5,140476~01 4,932732-01 1,39677E 01

9 5.207T5E~0L 5.373196~01 5.334526-01 5.20646E-01 4.9B756E-D1 1,37010E 01
10 5.35324E~D1  5,67479E-01 5,419606-01 5,27556E-01 5.043326-01 1.33658€ 01
11 5.553976~01 5.57692E-01 5.50470E~01 5.,342186-01 5.,095156~01 §.29483E 01
12 5.55397E<DY 5,57992E-01 5.50470E-01 5,34218E-01 5,09515E~01 1,29483E 01
1375, T164TE<DL  5.6T640E-01 5.58093E~01 5,397B9E-G1 5.134656-01 1.21316F 01
14 5,81214E~01 5.73570E-01 5,62403E-01 5,42156E-01  5,14297E€-01 1,08070€ 01
15 5.B4825E~01 5.75400E-D1 5,62899E-01 5.40T03E~01 5.11379E-01 B8.9TL6LE 0O
16 5,63049E-01 5.73110E~01  5.59345E~01 $.34960£-01  5,06150E~801 6,61655€ 00
{7 5.830496-01 5.73110£-01 5.59349E-01 5.34040E-01 5.04150E~01 6,61655€ 00
18 5.82447E-01 5.72516E-01 5.585%4E~01 5,33759E-01  5,02709E~01 6.,3695%E 00
15 5.81856E-01 5.7T1944E-01 S5.57761E-01 5,32582E-D1 5.012916~01 6,12144E 00
.20 5,812T7E~ o;,d§7?1394§7o;;_§;5voqus 01 5.31426E-01 4.99335;;01 5,88956E 00
31 5,80708BE-01 5.70866E-01 5.56258E<01 5,30287E-0L &.98515E~01  5.65579E 00

22 5,80708E-0]

5y T0B66E-OL

5.56258E-01 5.30287E-01

4.93515E~-01

5.6557%E 00

73 5,80116E~01 5,70328E-01 5.55500E~01 5.29101€-01 &,.97058E~01 5.37753F 00
24 5,79517E-01 5.69792E-D1  5,.56758E-01 5.27%354E~QL  54.95656E~01 5.11874E 00
2% 5,769115-01 5.89259F~01 5,54D33E~01 5,25842E-01 4,.9%4304E-01 4,87785E QO
26 5.,78301E-01 5.68730E~01 5,53324E~01 5.25762E-01 4.92999E~-01 4.6533TE Q0
77 8.7B301E~D1 S.6BT30FE=01 5.53328E=01 5,257626~01 4,92999E~61 &.65337¢€ 0O
28 5,T7447E-01 5,68002E-01 5,52363E-0) 5.24308E-~01 4,91253€-01 4.366965 3]
29 5,76596E-01 S.67282E~01 5.51432E=01 5,22917E-01 4.89595E-01 4.10753E 00
30 5,757456=01 5,66574E-01 5,.505306-D1 5.21584E-01 4.88017E-01 3,B7198E 00
3t 5,749016-01 6.65880E-01 5.,45656E-01 5.70302E-01 4&.88510E-01 3.65754E 00
32 5.749016-01 5.558BDE-01 5.49656E-01  5,20302F-01 4.86510E-01 3.55754E 00
33 5,T4065E-01 5.65199E6~01 5.488GBE-01 5.19064E-31 4.B5065E-01 3.46284E 00
34 5,73245E~01  5,64534E-01  5.47991€-01 5,17883£-01 §,B369SE-01 3,28762€ 00
35 §,77645E-01 5.63868E-01 5.47203E-01 5,16754E~-G1 %,82393E~-01 3,12965¢ 00
36 5,71664E=D1  5,63261E-01 5.46443E-01 5.196T1E~01 4.81154E-01 2,98692€ 00
37 5,71664E-01 5.632616-01 5.%6843€-01 5,156716-81 4.81154E-01 2.98692E OO0
38 5,70178E-01  5,62066E~01 5.450136-01 5.13657E-01 4.78866€-01 2,74582E 00
39 5,8B830E-01 5.60957TE~01 5.437106-01 5,11B?1E~01 4,75859E~01 2,55479€ 00
40 5.076206-01 5.53947E~01 5.42531E-D) 5,10283E~01 4.75094E-01 2.40352€ 00
41 5.66547E-01 5.59040E~01 5.4146BE-01 5,08B&7E~01  4.73540E-01 2.28388E 00

sel



136

OOMWMM¢h~Ms ~3L6LLT Y T0-369106°%  1D-326818°%y 10-381486°% 10~35£€%0°S L8

00 308028°1 10-3£88CZ°% 10-301€€g°y 10- 30L496°Y  10-31%910°6 10-3959.0°G 98
R0 365061 10-3021%2°% 10— 3¢5696°Y_ 10~3L06i48°% _10-3965%0°S  10-3%£011° s 589

0C 366L06°1 10-3C2T%2'%9  10-32969S°%  T0-30GLI8°% 10-3966%0°S 10-3v¢0T1°5 98
0C_3%9200°2 T0-399642°%  10-366165°% T0-30%:06°% 10-39%5L0°S T0-311%%1°5 €g
00 399501°C  10-31L50€°% 10-3680E9°% 10-370i€6%% 10-396%01°5 I6-3608.i1°C 2§
90 306412°2 10-39%0v€%% 10-386$99'%  T0-309496°% 10-36%%€1°5 _10-3£2212°% 18

OC 3560%2°2 10-3G6%.6°% 10-39%869°¢ 10-316L66°Y 10-359¢91° w 10-3L%9%Z°¢ 08

00 3680%E£°2  10-3964.E°Y _10-399869°%  10-316466%% TG=360€91°G  10-3L%9%2°s 6L

00 3562£9°2 10-3,886€°% 10-3L022.°% 10-3.8810°S 10-321%81°6 10-3110.2°% 8
00 3Y6626°2  10-32622%°%  10-3.Li6%L°% 10~ ~3526€0%5  10-322902°G  10-329€62° L4

00 5LE2eSZ T0-3€12%%°y  10-39669L°% 10-366090°6  10-201%22°% 15-36691¢°¢ 91
00 _31609L%2 X0=3€S1L9°%  T0-3LYE61°% 10-302160°G T0-3vi€%2*S T0-3G10b5°C ¢f

00 3IB04L°2 10-3E6T4%°% i0-3i6€6s°% 10- 302160°¢  10-3%L¢%2°% 10-36109€°G YL
mmlwm¢mmm.m 10=39%915°% 10-31€9€8°% 1C-3610ZI%S 10-30/182°G 10-398EEE°S €4

00 36SLET"E TO0-3%9ES6°y  10-35%618°% 10-3€%951°¢ 10-3S¢L1c°e T10-386%25°¢ 21
00 3ii982°¢ 10-359886°% 10-388016°% 10-358681°S 10-3250S6°5 10-39C196°c 1
00 3.520b°€ 10-385619°% 10-355296°% 10-3€€022°5 10-350186°S 10-3.266%7c OF
90 3949989°€  10-319999°% 10-3940/6°% 10-3JI62%2°G 1G-24880%°S 10-31c2¢°c 59
00 3281E5°C T0-30¥659°% 10-389965°» 13~3022.2°% 10-36L€£%°C 10-450165°¢ g0
00 38094S°E  10-387889°H  10-3€9%10°5 10- 39966215 10-35865h15  10-3v94:¢75 L9
00 325025°¢ 10-35.20L°% 10-3080€0°5  10-366116°5 T0-3166L5% ~ 1o 399£65°S 99
09 30%099*€  TQ-300€1L%Y  10-366240°G 10-39€925°¢ 10-39116%°S  10-329805°G G
00 38829€°€ 10-3¢881.°% 10-226060°S TC-3C6LEES TD-21€906°S 10-3€(025°¢ 50
00 360422°¢ 10-351020°% 10-399960°s 10-3029%€°6 10-320416°G To- 330929°S £9

00 360250°€ T0-3SL914°% T10-340460° S T0-38116€°S 10~392229°¢ 1I0-391269°¢ 29

00 350260°¢  10-3849TL°%  10-3%0950°s  10-3¢118€"S  10-392225°5  10-3912€9°5 19

00 36£268°2 T0-3Z511L°% 10-3%5160°6 10-36A£65°S T0-322478°% 19-3288€9°¢ G9
00 39609L°2 10-31040.°% 10-3ZE6%0" S 10-35v955°g Hb-mmmﬁmm.m 10-368%€9°5 65

00 32L0%9°2 10-36820i°% TO=34%€4%9°5 10-~32.8G8°GC 10-352565°g 10-3LE5E9°S 8%
08 26¢Hes°Z mOlwmmooc.¢x:anwmmm¢o.m 10-3080%€°5 T0-3098€E5°S F0-31%GE9°S (S

00 359%ES*2 10-3€2669°% 10-3865%0°5 10-30809€°¢ TO-3098E5%s  10-3:%569°C 96
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S, 14737E-01  1,67505€ 60

88 5,010736-01 4.95830E~01  4.78946E~01 4,37108E~01

89 4.3TBTBE-GY  4.929B3E~01 4.751136-01 4,4%1406~01 4,11818E-01 1.61393E 00
90 4,97878E~01 4.92983F-01 4,751136-01 4.44140E-01 4.11818£-01 1.61393F 00
91 5.91665E-01 4.8T409E 4.705956-01 4.3843BE-01 4.06252E-01 1.51562E 00
92 4.85820E~01 4,82091E-01 4.65396E-01 4,332286-01 4,01243E-01 1,44642E 0O
93 4,B80345€-01 &,7TT045E=01 4.505206~01 4%.28490E=01 3.957656~01 1.40210E 00
9% 4,75227E-01  4.,72278E-0L 4.55965E6~01 4,24209E~01 3,927986~01 1.3801LE 00
95 4,7522TE~01  4.T3278E~D1 4.559565E~01 4.24209E~01 3,92798E-01 1.38011E 00
96 4,70451E-01 4.67792E-01 4.51731E-01 4 20368E-01  3.89321F-01 1,37725€ 00
97 4.55953E-01 4.635576~01 4.477T6E~01 4,16904E-01 3,86264E-31 1.39159€ 00
98 4.61698E-01  4,59559E-01 4.44095E-01 4,13815E-01 3,83629E-01 1.42441E 00
99 4.57644E-01 4.5578LE-01 &4.40680E~01 4.111096-01 3,81426£-01 1.47811€ 00
100 4,57644E~01 4.55761E-01 4,40680E-01 4.111096-01 3.81426E~01 1.47811E 00
101 4.53781E-01  4.52208E-01 4.37514E-01  4.087376~01 3.79%88E-01 1.54790F 00
102 4.49799E=01 4.,4873TE~01  4.34464E-01 4,06514E~01 3.77925E-01 1.63039E 00
103 4, 45756E-01 4.45346E-01 4,31528E~01 4.064606~G1 3. 76465E-01 1,73022€ 00
106 4,415626-01 4,42014E~01 4,28701E~01 4,02538E-0% 3,75239€~01 1.8%5288E 0C
105 4,415426-01 4.42014E-01 4.287016-01 4.02598€-01 3,75239E-01 1.85288E 00
106 4.393596~01 4.403736~01 4.27338E-01 4,01 7485-01 3.74713E=01 1.92269E 00
107 4 3T072E-01 4.387238=01 4.25973E~01 4,008996-01 3,741956-01 1.99646E 00
108 4,34671E-01  4,37064E-01  4.24607€~01 4,00058E~0L  3,73690£-01 2.0T501E 00
109 4.32140E01 &.353926<01 4.23242E-01 3,99228£401 3.73204E~01 2.15924E NO
110 4.321406-01  4,35353E-01 4,23242E=01 3.99228E-01 3,73204E~01 2,15924E 00
111 %.29487E-01 4,337166-01 4.21883E-01 3.98414E-01 3,72733E-01 2,24751E 00
112 %,26659€-01 4,320165-01 4,20509E=01 3,97586E~01  3.T2252E-01 2.33907E 00
113 4,236416-01 4.30292E-01 4,10122E<01 3,96750E-01 3,71768E~01 2.43476E 00
114 4,20416€E-01 4,28546E-01 4.17723E-01 3,95911E-01 3.71287E~01 2453549€ 00
115 4,20416E<01 4.28546€~01 4.17723E-01 3,95911€~01 3.71287E~01 2.53549€ 00
116 6.16992E-01 4,26786E-01 4.16324E-01 3,9507TE-01 3.7080TE~0L 2.54022E 00
117 4.13309E<01  4.24999E-01 4.14904E-01 3.942226-01 3,70308E~01 2.T4¢B65E 00
118 §,09345E6-01 4,23187E-01 4.13469E-01 3,933356-01 3,69798E-01 2.86163E 00
119 %4.05G79E~01  ,213556-01  4.12022E-01 3.,92481E~01 3.69283E~G1 2,98008F 00
120 4.05079E-01 %,213556-01 4.120226-0C1 3.92481F=01  3,69283E-01  2,9B00SE 00
121 3.97622E-01 4%.18904E-01 4.100976-01 3.91316E-01 3.68589E~01 3.13B67€ 00
122 3.9123TE-01 4,16506E~01 4,08201E~01 3,90121E-01 3.67865E-01 3,29108E 00
123 3.85795E-01 4,14176E=C1 4.06348E~G1 3.88915E=01 3.67128E<01 3.43850E 00
124 3,81191E-01 4,11927E=01  4,04550E~01 3,877126-01 3.66391E-01 3.58204E 00
125 3,77342E-01  4,09766E~01 $.028176-01 3.86524E-D1 3.65670F-01 3.72285€ 00
126 3.741B0E-01 4.0D7698E~01 4,011556=01 3,85364E-01 3.64975E-01 3,B86193F 00_
127 3.71658E<01 4.D5T23E~D1 3.995T0E~01  3,84239€-01 3,64319E-01 4.00034E 00
128 3,69740E-0L  4.03842E-01 3,98066E-01 3.83158F-01 3,63712E-01 4,13908E 00
129 3,68405E-01 4.02051E-01 3.966456~01 3,82127E-01 3.63163E-01 4.27916E.00
130 3.67648E-01 4£,00344E-01 3,953086-0) 3.81152E-01 3,626B1E~01 4.42157€ 00
131 3,674T3E-01 3,987136-01  3.94056E~01 3,B0235E~D1 3,62275E~01 #.58731E 00
132 3.67899E-01 3.971476~Cl 3.928855-01 3,79380F-0} 3,61952E-01  4.T1738E 00
133 3,68957E-01  3,95533E-01 3.91794E-01 3,785BRE-01 3,617216<01 4,87278E 00
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134 3.70690E-01
135 3,73159E~-01

3.94154£-01
3.92689€-01

136 3.73159€-01
137 3,81496E-01
138 3,81863E-01
139 3,76981E-01
140 3,68549E-01
141 3.57670£-01
142 3.450908-01
143 3.21336E-01
144 3.16T98E-01
145 3,01771E-01
146 2,86487E-01

14T 2.711328-01

148 2.55855€-D1
149 2.40775E-01
150 2,25987E-01
151 2.11565£-01

152 2.11585E-01
153 1.88196E-01
154 1.66565E-01
155 1,46711E-01
156 1.28627E-01

3.92689E-01
3.84644E-01
3.77367E-01
3.69347E-01
3,60041E-01
3,49375E-01
3.37490E=-C1
3.24604E-01
3.10957€-01
Z2e96TTTE-C1
2.82266E-01%
2.,676D2E-01
2.52933E-01
2.38384E-01
2.24CB6E-01
2.10030E-01

2.10030E-01
1.87234E~01
1.66065E-01
1.465756-01
1.28770E-01

187 1.12267E~C1
158 9,756108-02
159 B.44160£=-02
160 V.27285E-02
161 5.23E57E-Q2
182 5.327526-02
183 4,52780E~-02
154 3,.82809E-02
165 3,21731E-02
166 2,68487TE-02
167 2.22073E=-02
168 1.,81551E-02

169 1.460498-02

17C¢ 1.14761E8-02

171 8.69504E-03
172 6.20003E-03
173 3.93342E£-03

174 3.93343E-03
175 2.49550E-03
176 1.564640E-03
177 9.55913E-04
175 5.430965-04

1.12617€-01
9.80562E-02
8.500816-02
7.337756-02
6.30505E=02
5.39490£-02
4.59373E-53
3,89012E-02
3,27490E=02
2.73731E-02
2.26761€-02
1.85665€-02
1.495948-92
1.17758E-02
8.94436E-03
6.4003LE-03
4,08501E-03

4,08501E-03
2,58739E-03
1.62291E-03
9,9042BE-04
5.62842E-04

3.90778BE-01
3.89832E~01

3.89832E-01
3.826256-01
3.75194E-01
3.66538E-01
3.56864E-01
3.46164E-01
3.34506E-01
3,22017E-01
3,088546=01
2.95184E-01
2,81173E-01
T2.66974E-G1
2.52726£-01
2,38552E-01
2.245556-01
2.10828E-01

2.10828E-01
1.88407E~01
1.67484E~01
1.48145E-01
1.30417E~-01

T1L14287E-01

9.97062E-02
8.66049E-02
748963802
5.44855E=02

5.526808-02

3.99913E-C2
3.37226E-02
2.82321E-02
2434240802
1.92079£-02

£.54992E-02

1.221916-02
9.29395€=-03
6.65431£-03
44231 64E-03

4023164E-03
2.68630E-D3
1.686356E-03
1.02978E-03

179 2.44745E-04
130 0.

2.53585E-04
D

54854 T0E-04
2.63952E-04
2.

4.TL385E-02

3.778618-01
3.77193E-01

3.77198E-01
3.71777E-01
3.64922E~01
3,56816E-01
3.47586E-01
3.37341E-01
3,26200€-01
3,142945-01
3.017636-01

2.88750E-01

3,61561E=01
3.,59944E-01
3.556176-01
3.49218E-01
3.41186E-01

3.318408-01

2421427E-01
3.10154E-01
2,982016-01

Z2.85734E-01

2.75400€-01  2.72902E-01
2.6T849E~01  2.59846E-01
2.68222E-01 2,466965-01
2.346358-01 2,335728-01
2.21189E-01 2,20585E-01
2,07974E-01 2.07843E-01

2.07974£~-01
1.86292E-01
1.65974E-01
1.47123E-01
1,29784E-01

2.07843E-01

T 1.868038-81
1.66890E-01

1.48294E-01
1.31107-01

5.20379E 00
5.53277€ 00
5.80869EF 00
5.03432E 00
6.21250€ 00

5.34609E 00

6.43796E 00

$.49094E 00

6.5078B2E 00

5.49130€ 00
6.44404€ 00

T 6.35880€ 00

6.26743€ 00
5.14287€ 60
5.,99715€ 00

5.83237¢ 00

5,83237¢ 00
5,55995E 00
5,27863€ 00

4.992T1E G0
4.70588E 00

1.132939E-01
9.961256E-02
8.668T4E~02
T.51072E-02
5.6783%9E-02
5.56221E-02

1.153608-01
1.01038E-03
3.B09565-02
7.64707E-02
6.607995-02
5.68354E~02

4,75225€-02
4,03847€-02
3,41096E-02
2.85007E-02
2.37655E-02
1.95159E=02

4,B85428E-02

4.14059E~02

3.50285E-02
2.941656-02
206478
2.01284E=-02

-02

4442130E 00
4.14158E 00
3,858B6EF 00
3.504865 00
3.,35G88E 00
3.10793E 00
2.BTEG9E 0O
2.65761F 00
2.+45094E DO
2.25674€ 00

2.07%95E€ DO

1.90528F 00

1.57683E=-02
L.24465E-02
Se47321E=-03
$.T7T905£=-33
4 2925HFE-03

1.62817E=02
1,28591E-02
9,7B341E=03
6.97TTL1E~03
4, 35193E-03

T.74750€ 00
1.60190F 0
L.46734E GO
1.34380F 00
1.23095E 00

4.29256E-03
2.74573E-03
1.7296%E-03
1.05811E-93
54021 79E~04

4.36193E-03

T 2.76547E-D3

1.73764E-03

1.06220€-03

6. 044B3E-04

1.23095¢ 00
8.554664E-51
5482816E-014
3.32104€-01
2e29759E-01

"2.71620E-04
e}

2.72683E-0%
0.

1.07396£-01
0.
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GROUP FLUXE

S

Table C.4. HFIR 33-Group Fluxes, 100 Mwd

Ry NO. GROUPS i~ & e S § ——
1 §.55025E-01 2.07400€ 00  1.85295¢ 0C 1.76208€ 08 1.25%37¢ 00 1.10277€ 00 B.75504E-D1 7T.4B850E~D1 6.87130E-01
2 5,56050E~01 2.07BS4E 00 1.85748E 0N 1,78601E 00  1.2560%F GO 1,105C1E 00 ,8 77255E~01  7.50295E-01 6,88363E~0)
375,591306-01 2.09217€ OO0 1.87104F 00 1.T9T82E 00 1.26426E 00 1.11173E 00 8.825106-01 7.54630€-01 6.92057€~01
4 5.64281E-01 2.11500F 00 1.B9380F 00 1.81757F 00 1.27791E 00 1.12295E 00 6,91283E-01 7.61857E-01 6,98197€-01
5§78, 71532601 2.14718E 00 1.92593E 00 1.84539F 00 1.29714E 00 1.13870F 00 9.03596E-01 7.71978€E~01 7.06751E~01
6 5.00924E-01 2.18892E 00  1.96TTIE 00 1.B8142F 00 1.32203E 00 1.15902E 00 9.19475E-01 7.84991E-01 7.17672E-D1
775.925098-01 2.24051E 00 2,01951E 00 [.92587¢ 00 1.35272E 00 1.18355F 00 9,.38956E-01 B8,008926-01 7.20888E-01
8 6.063506-01 2.30230E 00 2,08177E 00 1,9789BE DO 1.38938E 00 1.21354E 00 9.62073E-01 B,19663£-01 7T,46293E-01
9 $.22526E-01 2.374TIE 00 2.15503F 00 2.04104E Q0 1.%3219E 00 1.24784E 00 9.88865E-01 8,41272€-01 7T.63737E-01
10 6,41126E~01 2.45822E 00 2.23995E 00 2.11238E G0 1.4B8136E 0D 1.286B9E 00 1,01936F 00 8,685664E-01 7.83007E-01
11 6.62253E<01 2.55341F OO 2,33728E 00 2.19337€ 00 1.53715€ 00 1.33070F 00 1.05360€ 00 8,92748E-01 8,03806€~01
12 6.622536-01 2.55341F 00 2,33728E 00 2,19337E 00 1.53715€ 00 1.33070E 00 1.05360E 00 8,92748£-01 8,03806E-01
13 6.81533E=01 2.64%30F 00  Z,43875E 00 2.27408F 00 1,59330F 50 1.37366F 80 1.08062E 00 9.14119E-01 8.27109€-01
14 7.03041E=01 2.75003E 00 2,56040F 00 2,37072E 00 1,65069E D0 1,42436E 00 1,11158F 00 9.38647E-01 8,54091E-01
15 7.26834E-01 2.B709TE 00 2.70313E G0 2.48344E 06 1,73944F 00 1.4B247E 00 1.14578F 00 9.65757E-0L 8,84899E~01
16 7.52983E-01 3,00762E 00 2.85818% 00 2.61255€ 00 1.82981E 00 1.54768E 00 1.18239E 00 3.94780E-01 9.197726~01
17 T.52983E<01  3.007626 00 2.86818E 00 2,61255€ 00 1.82981€ 00 1.54768F 00 1.18239€ 00 9.94780E-01 9.19772E~0L
18 7,64109E-01  3,06354F 00 2.,92582E 00 2.66208F 00  1,86374F 00 1.57247€ 00 1.20340€ 00 1,01123€ 00 9,27829E~01
19 7.75456E-01 3.11934t 00 2.982776 00 2,71052E 00 1,89690F 00 1.59659F 00 1.22390F 00 [.02715E 00 9.35526E-01
20 7.87034E-01 3,1TSI2E 00 3,03913€ 00 2. 75794579@771 92933E€ 00 1.62005€ 00 1.24393F 00 1.04256E 00 9.43153E-01
21 T.98853E-0D1 3,23093F 00 3.09%97E 00 2.B0%40F 00 1.96108E 06 1.64290€ 00  1.26352E 00 1.05746E 00 9.50400€-01
22 7.98B53E-01 3,23093E 00 3.00497E DO 2.80440F 00 1,96108E€ 00 1.64290F 00 1.26352F 00 1.05746E 00 9.50400E-01
T23B,.05328E-01 3.26182E 08 3,12817E 00 2.83058E 00 1.9T914E 00 1.65574E 00 1.27272E 00 1.06446E 00 9.55747E-01
24 B,11510E-01 3.29140F 80 3.15993F 00 2.B5569E 00 1.99649E 00 1,66813E 00 1,28163E 00 1.07127E 00 9,60376E-01
25 B,17428E-01 3.31975E 00 3.19037¢ 00 2.B7984F 00 2.01318E 00 1.4BOI3E G0 1,29627¢ 00 1.0T7T89E 00 9.66088E-01
26 B,23102E-01 3,34700E 0C 3,21961E 00 2.90314F 00 2,02927€ G0 1.89173E 00 1.29866E 90 1.08433E 00 9.71083£-01
77 8,23102E-01  3.3A700E 60 " 3.21961E 00 2.90314E 07  2.02927E 00 1.69173F 00 1.29866E 00 1.08433E 00 9,71083E-01
28 8,30567E-01 3,38294E 06 3,25816F 00 2,93399E 00 2.05058E N0 1.70721€ 00 1,30986E 00 1.09298E 00 9.77831£-01
29 8,37548E-01 3,4166BF 00 3,29433F 00 2.95308€ 00 2.07070F 00 1.72191F 00 1,32055€ 00 1,10127E 00 9,.84340E-~0L
30 B,44096E-01 3,44845E 00  3,32838¢ 00 2,99059E 00 2.08973E 00 1 L73591€ 00 1,33075€ 00 1.1D921f 00 9,90611€-01
31 8,50259E-01 3.47846F 00 3,38055€ 60 3.01689E 00 2,107B0F 00 1,749526€ 00 1.34049E 00 1.11682E 00 9.96649E-01
32 B.S0259E~01  3,47846E 00 3,3605SE 00 3.01669E 00 2.10780F 00 1.74926E 00 1.34049€ 00 1.11682E 00 9.96649E-01
313 8.56021FE-01 3,50657F 00 3,39078E 00 3I.04133E 00 2.1248&E 00 1.76194E 00 1.34978E 00 1.12410E 00 1.00246€ 0C
3% B,61355E-01 3,53293F 00 3.41893F 00 3,0844%1E 00 2,140BSE 00 1.77391f 00 1,35857€ (0 1.13102€ 00 1.00801E 00
T35 8,66301E-01 3.55744E 00 3,44521E 00 3.08608F 00 2,15587E 00 . 1,78522E 60 1.36690E 00 1.13761€ 60 1.01333¢ 00
38 8,70900E-01 3,58037E 00 3,46982E 00 3.,10646FE 00 2,1T00LE 00 1.79592€ 00 1,3T479E 00 1.14386E 00 1,01B40F 00
TRY B, TOYCOE<DHL T 3.5BOITE G0 F.469628 00 F.10646E 60 2. 1FO0IE DO 1.795%2€ 00 1.3T479E 00 1.14386£ 60 1.01840¢ 00
38 B.7BY18E-01l 3,62095F 00 3.51340E 00 3.14295¢ 00 2,19535E 00 1,B1534E 00 1.38919€ 00 1.15536€ 00 1.02782¢ 00
3978, 85454E-01 3.65486F G0 3.54992E 00 3I.1TL04E700 2,21697E 00 1.8321%E 00 1.40178€ 00 1.165528 00 1.03624E 00
40 8,90737E~01  3,68315E 00 3,58054€ 00  3.20051€ 00 2.23543FE 00 1,846776 00 1.41273E 00 1.17443E 00 1.04372E 00
41 8.94950E~01 3,70646F 00 I.B06VBE 00 '3,22300¢ 60 "2.Z5114€ 00 I.85931€ 00 1.42219€ 00 1.182178 00 1.0502BE 00
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42 8.94950E-01 3.70666F 00 3,60616F 00 3.22300F 00 2.25114F Q0. 185931F GO 1.42219F 00  1.%8217% OG  1.0%028F 00
43 8.98028E-G1 3.72514E 00 3,62656% 00 3.24134F 00 2.264002 D0 1.86978F OO 1e42016F 30 1.18875F 00 1.05593F G0
4% B8.99684E-0% 3,73819F 00 3.25525€ 00 2.27381E 00 1,B7807F 00 1.43653E 09 1.10418¢ 080 1.06067E 6B
45 9.0C616E-01 3,74628% DO 3.26509E 00 2.2808LE GO 1.88433FE G0 1.44L46E GO 1.19842F 00 L.064E4E GO
46 9.00293E-0L 3,74971F 00 3+27112E 00  2,28519% 00 1.868868F 00 1,46496E 00 1.2016LF 00 1.087S6E [y
47 9.00293E-01 3,74971€ 00 3,65557E CO 3.2T112€ 00 2.28519€ 00 1.B8B63E 0O 1.44496E 00 1.20161E 00 1.05756E 00
48 8,98926E-01 3,74855E 00  3.65556F 00 3.27342E 00 2.28701E 00 1.B9116F QOO 1,44743E 00 1.20378E 00 1.06978F 00
49 B.95504E-01 3,74277€ 00 3.65077F 00 3.2TL9TE 00 2.28624E 00 1.891808 00 1. 44796E 00 1,20693E 00 1,07121F 00
50 8.93007E-01 3,732288 00 3,44110F 00 3.26675E 00 2,28289€ 00 1,89051F 00 1.44749E 00 1.20513% 00 _1.,073189€ 0O
51 8.883906-01 3.71689% 00 3.62634E 00 3.25756% 00 2.27688¢ 00 1.88759F 00 1.44573E D0 1,204378 00 1.07L86E 08
52 B.B8390E-01 3.71689E 00 3.62634E 00 3,25766E 00 2.27688E 0G 1.58759E 00 1.44573F 00 1.,20437F 00 1.07186E 60
53 B.BIGEOE-C1  3.70735E 00 3,51705E 00 3,25167% 00 2.27282E GO 1,885428 00 1.40438E 00 1.20366F 00 1.07160F 00
24 B.B2669E-01 3,69668E 00  3.60657E 00 3,24479F 00 2. «25827€ 00 1,882B2E G0 1,44274E 00  1.2027%E 00 _1.07118E 00
55 8,79402E-01 3,58481E 00 3.50488€ 00 3.23597F 50 2. 263028 00 1.879B0F 00 1.440B0FE 00 1.20161F 00 1.0D7080F 00
56 _8.75843E-01 3,67146F 00 3.581B0F 00 3.2281&E 00 __2,25710F G0 1.B763%E€ 00 1.43856E Q0 1,20028E Q0 1, Q698TE 00
57 8.75843E-01 3.67166E 00 3.58180F 00 3.22918E 00 2.25710% 00 L.87636¢ 00 1.83856% 00 1.20028E 00 1.05987E€ 00
58 8,71218E-01 3.65433F 00 3,58453FE G0 3.21643E 0G 2. 24918E 00 1.8716BE 00 1,935512 00 1.19862F Of 1.06882E 80
59 8.66209£-01 3.63535E 00 3,545528 00 3,20342F 00 2.24039F 00 1.886456 60 1.432088 00 1.19631F 00 1.06758F 00
60 8.607732-01 3,61452% 00 3,52459E_00 3.18901EF DU 2,23066E 00 1. 85063E 90 1,42B25€ 00 1.19395E 00 1.065616f 00
61 B.568526-01 3.59166F 00 3,50152F 00 3,17309€ GO 2.21989F 00 1.85419EF 00 142402 90 1.19133E G0  1.069%7€ 00
52 8.548826-C1 3,59166E 00 3,50152F 00 3.17309E 00 2,21989F E 90 1.85419E 00 1.42402F 00 1.1913%E 00 1,06457€ 00
63 B.4T11TE-OL 3.56178E 08 3.47188F 00 3.15220F 00 2.20579% 69 T1.B4562E 00 1.61808E 00 1.18758F 00 1.CA264F 06
6% £.40479E-01  3,53560F 00 3.44713E 50 3,13439E 00  2.19380F 00 1,83B10E 00 1.41278F 00 1.18410F 00 1.06030F 00
65 B.34937E-01 3.5160U26 00 3.427156 00 3,11963F 00  2,18386¢ 00 1.331628 00 1.40813F 00 1,18088F 00 1.05B16F 0O
66 8.3046TE=01  3.49992E 00 j.~113§;_§g _3.107E4E 00 2.17599¢ 00 1.82518E OC  1.40512E 00 1.17796E 00 1.05404F 40
67 8.27045E-01 2.43822E 06 3.640111Z 0C 3.0989BE 00 2.17010F 00 1.821T6F G0 1.400756 00 1.17533F 00 1.0539SE 00
08 8.24650E-01 3.48084F 00 3,39487E 0O 3,09300E 00 2.16618F 00 1,B1833€ G0  1.39802% 00 1.17300F 00 1,0519GE 00
89 8.23263E-01 3,47T&HE OC 3.39303E 00  3.08984E 60 2.1864208 90 1,81394E G0 1.39591E 00 1.17065E 00 1.06989F 00
70 8.22866E-01 3,478TQE 00 3,39554F 00 3.08946E 00 2.16411E 00 1,81450€ 00 1.39441E 00 1.16917E 00 _1,06790E 00
71 8.23446E-01 3,48382F 00 3.40234E 00 3.09180F 00 2.16593F 00 1.81600F 00 1.39349F 00 1.16765F 00 1.06594F 0O
72 B.24987€-01 3,49300E 00 3,41338E GO0 3,09883E 00  2,16953F 00 1.81443E 00 1.39312E B0 1.16637F 00 1.04397¢ 0O
73 8.27479E-01 3.506195 0D 3.42861F 00 3,10440E 00 2.17497E 00 L.B1573f 00 1.39320% G0 1.16538F 50 1,04198E 00
T4 Bo30911F-01 3,52335% 00 3.464801%F 00 3.11474E 00 2.18220F 00 1.81786E 00 1.39395% 00  1.16436F 00  1.03994f 06
75 8.30911E-01 3.52%35E 00 3.44801€ 00 3.114738 60 2.18226F 00 1.81783E 00 1.39395E 00 1,16436F 00 1.03994E 00
9 8,32474E-01 3.53115E 00 3.45694E 00 3.11939E 00 2.18569F 00 1.31884F OO 1.39423F 00 1.16394E G0 1.03B94E 30
77 8,33821E-01  3.53802E 00 3.46490F 00 3.12334E 00 2.18821f 60 1.81953€ 00 1039432 00 1.1634ZF 00 1.037B7E GO
78 8.34567E~01 3,54402F 00 3.47195F 00 3.12568f 00 2.19071E 00 1.81996F 00  1.39424E (0 1.16278E 00 1.03674F U0
79 8.35925E-01 3.549228 00 3.47317€ 00 3,12941F 080 2.19270F 0D 1.820%4E 00 1.39400% 0C 1.16204% 00 1.035353EF 00
80 8.35925E~01 3,54922E 00 3.47817E 00 3.12941EF 00 2.19270E 00 1,82014€ 00  1.39400FE 00 1.16204E 00 1.03553F GO
81 8.36942E-01 3,55515E 00 3,48548E 00 3.12219F 00 2.19479F 00 1,81993E 00 1. 393337 00 1.1807TE D0 1.G3566E 09
82 8,37542E-01 3.55926E 00 3,48093E 00 3.13383E 00 2, 19596E 00 1.81915F 00 1.39229E 00 1.15925% 00 _1.83167€ 09
82 3.,37760E-01 3,56179E 00 3.49458% 00 3.13984E OC 2.19634F 00 1.817852 GO  1.39080¢ 00 1.15749E 00 1.02950F 0O
84 8.37631E-01 3.56231F OC 3,49692FE 00 3.13293F 00 2.19595E 0D 1.81606F 00 1.38915E 90 1.15550€ 00 1.02717¢ 09
85 B,37631E-01 '3.56281¢ €0 3.49692E 00 3. 13393F oo 2.19595€ 00 1.81606€ 00 1.38915E 00 1.16550F 00 1.02717E 00
85 8,37124E-01 3.56223F N0  3,49749E 50 2.13080E 00 2.19474E 60 1. B1373E 00 1.38704% 00 1.15325E 00 1.02467E 00
87 8,36211£-01 3.55991F 00 3.49625E 00 3.,12736F D0 2.19264F 07 1.81083E 90 14384558 00 1,15074E 00 1.02198f 00
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00 _3.49336E Q0

00 3.48893E 0O

3.12259E 00

2,18973F 90 1.B80739E 00

1.38168E 00 1.14796E Q0 1.0 £ Q0

3,11583E 03

2.18605E 00 1.80344E 00

1.37845E Q0

1. 144945 00

1. 016085 00

BB B,34923E~-01 3,5535%8F
89 8,332856-01 3.55057E
90 B.33285E~01 3.,55057TE
91 8,28872E-01 3.53490E

92 8,23020E-01
93 8,15839E~01
94 8,073976-01

3,51310€
1,48568¢
3.45292E

C0  3,48893F 00
00 3,475098 00
00 3.45493E 00
00 3,42900E 09
00 3,39761E 00

95 8.073976~01
96 T.9T792E-01

3.45292E
3.41529€

00  3,39761E 00
00  3.3612%E 00
00 3.32013E 00
00  3,27405F QO

3,11689€ 00
3, 10156E 00
3,08153E 00

T 2.17520E 60

2.18605€ 0C 1.80344E 00

1.37845¢ 00

1,14494E 00

1.01608E Q0

1.79388E 00

2.16322E 00 1.,78220F 00

1.37086E 00
1.36180€ 00

1.13808E 00
1.13017€ 00

1.009428 00
1.00203E 00

1,05715¢ a0
3.02863E 90

2. 14734E 00
2.12873F 00

1.76853E 0O
1,75298E 00

1.35135¢€ 00
1, 33957 00

1.12125€ 00
1.11136€ 00

9,93915E~01
9.85087€-01

3,02863E 00
2.39630F 00

"2.128T3E GO

1.75296F 00

2.10763E Q0 1,73564F 00

T 2.96034E 00

2.92051F 00

2,08417€ 00
2.05828E 00

1.71663E 00
1.69591€ 00

1.33957€ Q00
1.32655E 00

1.11136E Q0
1.10054E 00

9, 85087E-01
9.75583E-01

T1.31235€ 00

1.29696E 00

1.08882€ 00
1.07622€ 00

9,65417E~01
9.54605E-01

00 3.,22263E 00

00 3.22263E 00
00 3.16677E 00
00 3,10691F 00

ST 7.B70TIE-D1l  3,37298E

98 7.75192E-01 3,32581¢
TG T.620TRESO1  3,27343F
100 7.6207BE-0L 3,27343E
101 7.479328~01 3,21677E
102 7.328390E-01 3.15615F
103 7.166245-01 3.09090¢

104 6.99133c-01 3,02021¢
105 6,99133E-01 3.02021¢
106 6,89929E=01 2.98294F
107 6.80462E-01 2,94457E

108 6, TOTOBE-01  2,90499E
109 6,80631E-01 2.86405E
110 6,60631E-01  2.86405E
111 6.50296E-01 2.82204E

60 3.04231€ 00

08 2,97208E 0O

60 2.97208E 00
00 2,93492E 00

60 2.83853E 00
00 2.85708E 00

60 2.81612€ DO

00 2.81612E 00

2.87T687E 00

2. BT6BTE 00

2.02981F 00 1.67342E 00

1.28036E 00

1.06274E 00

2.02981E 00 1.67342F Q0

1.28036F 00

1.06274E Q0

2.B2980F 00
2.77971E 00

1.99924E 00
1.96681E 00

1.6494%E 00
1.62423€ 00

1.26278E OO
1,24428E 00

1.04852¢8 00
1.03361F 00

3.43163E-01

9.43163E-01

9.31211E~01

9.1B748E-01

TTZ2.T26108 00
2.65844E 00

2.56844E QO
2.63817F 0C

1.,59750€ 00
1.54915€ Q0

1.93223E G0
1.89512E 60

1.224B1E 00
1.204315 00

1.01798E 00
1.001863E 00

9.05797E-01
8.92383E-01

1.56915E 00
1.55644E 00

1.89512¢ 00
1.87553E 00

1.20431F 00
1.19373E 00

1.00163E 00
9,93239€-01

8,92383€~01
8,83597E~-01

2,56T09€ 00
2,57511E 00
2.54216E 00

2.54216E 00

1.53942¢ 00
1.52407E 00
1.5G836E 00

1.85578E 00
1.83534€ 00
1.81432€ 06

1,18296F 00
1.17200€ 00

9,84711€-01
9> 76047€-01

8, 7864 7E-01
8,71658E~01

1.16082E 00

9,67246E-01

8,64595E=01

1,81432€ 00 1.50836&E QC

1.16082€ 00

9.67246E=01

8. 64595E-01

60 2,77400E 00
00 2.73082E €O
00 2,6B644E 00
00  2.6%089E 00

112 6.39714E=01 2.77899E
113 6.28856E-01 2,73479E
114 6,17689E-01 2.68928E
115 6.17889E-01 2,6B8928E
116 6.06261E-81 2.64269€

00 2.64D6%E 00

00 2,593T4E 00
00 2.54567E 0O
00  2.49627E 03
00 2,44538E 00

117 5.945685-01 2.59438E
118 5.82580E-01 2.54603E
119 5.70263E-01 2.49568E
120 S.T702636-01 2,49568E
121 S.49703E-01 2.41338E
122 5.29988E~01 2.33446E
123 S.110826-01 Z.25886EF
124 4,92954E-01 2,18644F

00 2.44538E 00
90" 2.38527€ 00
00 2.28851E 00
€0 2,21498€ €O
00 2.14457€ 00

2.1LT05E
2,05070F

125 4.7557%E-01
126 4,.58915€~01

127 4.42948E~01 1.938T716E
128 4.27642E~01 1,92638E
129 4,1297BE~01 1.86826F
130 3,98929€-01 1,B1270F

131 3,.854736-01
132 3,72535E-01

133 3,60249E-01

1.759432E
_1.70894¢
1.66058E

00 2.0771sE OO

00  2,01265E 06
00 T1.95093E 00
00 1.89191€ 00
20  1.835508 €0
00  1.78160E D0
00 1.TI01AE 00
50 1.68104E 09

00 1.83421E 00

3.50841E 00
2.47394E 00
2.43863E 00
2.40241E 00

1.79284E 00
1,77095E 0D

1.49240E 06
1.47619€ 00

1.14950E 00
1. 13805E 00

9.58354E~01
9.49372€-01

8,57496E~01
8,50354E-01

1. T4861€ 00 1,45972E 00

1,12645E 00

9.40301€~01

8.43175E-01

2.40241E 00
2.3554L€ 00

2.32786E 06

2.28904E 06

2.24947E 00

2.2494TE 00

2.1859%E 98 1

2,12467E 00
2,06559¢ 00
2.00868E 00

T1.9%387E 96

1.90113E 00
1.85040€ 0C
1.80165F 00

1.75483€ 00

1.70990€ 00

1.72574E 00 1.44295E 00 1.11470E 00 9,31141E~CL  8,35967E-01
1725748 GO 1.45295€ 00 1.L1470F 00 9.31141E~0L B.35967E-01
1.70245E 00 1,42596E 00 1,10286€ 00 9,21933E-01L 8,28765€~01
1.67875E 00 1.40876E 00 1,09092€ 00 9.12677E-01 8.21563E~01
1.65459E 90 1.39133E 00 1.07889E 00 9.03375€-01 8,14371E-01
1.623898 00 "1.37363F 00 1.066T4E 00 8,94027E-0L 8.07196E-01
1.62989E 00 1,37363E 00 1.06674E 00 8,94027E-01 8,07196E~01
1.59084E 00 1.34550F N0 1.04602F 00 8,78053E-01 1.96984E-01
1.55358E 00 1.31837F 0C 1.02614E 00 B.623515E-01  7,.86961E~01
1.51810E70C Y1,29227€ 00 1.00711F G0 B8.47548E-01 T, 77239€-01
1.48439€ 00 1.26T23E 00  9,8B952E-01  8.32B65E-01  T.61849E-01
1.45746€ 00 T.24394€ 00 9. 71694E-01 B8,18B04E~G1 7,58838E-01
1.42229E 00 1.22034E 00 9,55359E~01 B,05275E~01  7,50249E-01

1.39388E 00
1.36724E 00
1.34238¢E ¢
1.31930€ 00

1.19853€ 00
1.,17782€ 00

1.15822¢€ 00
1.13975€ 00

9,39962E-01
9.25527€~01

T.92296E-01
T.79878E-C1

'9.12074E-~01

8.99625E-01

7.68033E-01
7.56T65E-01

T.42126E-01
7+34509E-01

" 7.27437E-01

7.20948E~01

1.86481E 00
1.62553¢ 00
1.586Q1E 00

1.29801E 00 1.12241€ 00
1,27853E 00 1,10621€ 00

8.88205E-01
8.778356E-01

1.46079€-01
7.35975€-01

7.15079E-01
7. 0986 7TE=-01

t.26087¢ 00 1,09116€ 00

B.5B524E~D]

7.26451E~01

7.05348€~01

1941



134
135

136
137
138
139
140

141
142
143
144
145
146
147
148
149
150
151

i52
153
154
155
156

3.48640E-01
2,371415-01

3,371416-01
2.94967E-01
2.58195€-01
2.261128-C1
1.98105€~01
1 T36416-01

.522596-01
1.33559&-01
1.17196E-01
1.02868E-01
9.03152E-02
1.93099E-02
6.96548E-02
5.11780E-02
5.37299E-02
4.717932-02

4.71798E-02
3.78462E-02
3.03913E-02
2.66296E-02
1.96565E-02

157
isa
159
160
151
162

163
164
165
166
167
168
169
1710
171
172
173
174
175
176
177
178
179
180

1.58304E-02
1.2T601E-02
1.02934E-02
8430948E-03
6.71190E-03
5.42390E-03
4,385 14E-03
3.543556-03
2.862858-03
2.310506-03
1.86116E=03

1.49441E-03

1,193745-03
9.45736E~04
7.39632E-04
5.66334E-04
4.18500E-04

£.18500E-04

3.22656E-04
2.41521E-04
1.71541E-04
1,09631E-04

1.61446F 00
1.57051¢ Q0

1.57051€ 00
1.40803€ 00
1.26211E 00
1,13108E 00
1e0134%E 00
9. 078668-01
8.13122€-01
7.28114&—01
$.51851E~01
5.83441E-01

5.22080E-01 48788
4 3551ZE-01
3.88814E£-01
3.47156E-01
3.09995E-01
2.76814E-C1

4 6T044E~D]L
4.17680E=01
3.734038=-01
3.336858-01
2.95050E-01

2.98050E-901
2.45904E-01
2.02834E-01
1.67269E~ 01
1.

1
9.36795E-02
T.71776E-02

%4356075-C2
5.23233E-02
ﬁ 304 758-02

2 Q0582E-02
2.38225E-02
1,94B50E~02
1.58833E-02

L.03715F=02
8.255448-03
$445585E-03
4,90555E-03
3.5%4846F~032

3.548465-03
24 62G458-03
1.90199E-03
131373503
B.22801E-04%

1.54E23E 00

A.077258 00
1.51214F GO E

B460357E=01 7.17500€=01%
TaC9114E-C1

8.53304E-01

1.51214E 00
1.32945E 39
1.171328 00
1.03394E 00
9 14177€-01

1,23111€ 00
1.15026E 00
1.06101€ 00
9.69787E-01
8.B0562E-01

1.06450E 0C
9.94392E-01

E.51599€E-01

73 69427E-“1 7.81612E-01

8. 53304E-01
8.14928E-01
7.69398E-01

Ts19752E-01
6.68232E~-01

T.09114£-01

He6T7904E-01
6.27062E-01

T.D1560E=D1
65+98540E-01

6.,98540E-01
6. T6362E=01
5.43153E-01

5.86074E-01
5.45076E-01

8.637356-01 T7.957932-0%
Te164962-01
5.43522E-01
5.7@9155 =01

7.13586E-01
6,48990E-01
5.882238-01
5.31644E-01
40794 13E-01
4s31543E-01

6.86590E-01
6.12593E—01

6.36932&-0&
5,65839E=01
5,03094E-01
4.47622E=01

4 87680E 0% b 620605-01

6.16503E-01
5.65783£-01

5.16943E-01
4, 70579E-01
442TD7LE-CL
3.866356-01

5.04484%-01
4,64 786E-01
4425443501

3.89826E-01

6. 077T09E-OL
5469911031
5.31093£-01
bhe 922431E-01
4.54093E-01L
417203801

3.55229E-01

3.22840E-01

4.13118E-01
3.69277E-01
3.30113E-01
2.95220E-01
2.54228E-01

3,87934E-01
3.484315E-01
3.12766E-01
2.80745E-01
2.52102E-21

3,98509E-01
3,54971E-01
3.16334E-01
2.82016E-01
2.51514E-01

2,49359£-01
3.15240E-01

2+92773E-01

2.55070E-01

2,84214E-01

2.55174E-01

2.30992E~-01

24397228-01

2.16680E-01

2.76814E-01
24284%39E-01
1.88481€-01

2.51514E-01
2.06975E-01
1.70427€-01

2.64228E-01
2.18553E-01
1.80560E=01

2.521028-01
2.09500E-01
1.73722E-01

2.20962E-01

1.93029E~01
1.60758E-01

1.95861E-01

$.9586LE=01

3,81978E-01
3.48706E-01
3.17579E-01
2.88714£-01
2.32168BE-02

2.160812-01

2416081E-01

1.€4263E~01
1.37246E-01

1.43821E-01
 1422963E-01  1.18922E-01

1.55481E~ 01 1.,60386E~01 1.49043E-01

1.33538E-01
1.10710E-01

1.14316E-01
9.49840E-02

1 1.15687E=01
9,53988£-02
7.853256-02
6.47011E-02
5,329328-52
4.38802E-02
1,61098E-02

9.8262BE-02
8 110055,@2

1. 01408E-01
B438066E-02
6459092502
5.67760E-02
4.67584E-02
3. 84848E-02

8.71657E- 02
7.18357£-02
5.91B09E~02
4.87334E-02
4.01059E~02

).51§82t—§2
4.54595E~02
3.74311E-02

9. 16452602
T 5TTIVE=02
5.25399E=02
5.185562-02
4.25956E-02
3. 5091 BE-02

2.95912E-02
2.43846E-02
1.99918E-02
1.63481E-02
1.33172E=02
1.07846E-02

3, 297686E-C2
2.T08586-02
2.22090€-02
LeB1661E-02
1.48062E-02
1.20039E-02

L5387TE-02 3,164 T5E-02
2.59920E-02
2.13065E-02
1.74159E-02
1.41754E-02

1.14591E-02

3,07898E-02
2.52910E~02
2.07312E-02
1.69405E-02

1.,28829E-02 1.11194E-02

Z.88763E-02
2437242502

1.94471E-02
1.58870E-02

7.B7587€-02
6.52205E=02

5439339E-02

4a45512E-02

3.67625E-02

3,030 20E-02

Lo 82639501
1. 53457E-01
1.28383E-01
1,070356-01
8.893916-02
Te38469E-02
5.11695E-02
5. 0594HE-02
4e17923E-02
3,44 749E-02

A4t

2.4946LE-02
2.04981E-02

2+33429E-02

1.68035E-02

1.37249E-02

1.29108E-02
1.04059E-02

1.31483£-02
3.97548E-03

8.65437£-03
65.84425E-03

9 65435E-03 B 866505-03

T.65333E-03

9.,16298E-03
7.19547€-03 6,

R 27568E-03
5.43550E=-07

7.125635E=03

54352565E-03

5, 2301°E 03
3.699T4E-03
2.27685E-03

5,97435E-03
4.50510E=-03
3.20546E=03

5,47427E-03
3. 92;5é£ 03

5,28260E-03
3.90453E-03
2.64E53E-03

4.,809756-33
3.326585-03
L. G1418E-03

3.20545E-03 2.464853E~-03 2.45882E-03 2.27686E-03

1.9141B8E-03

4,1 1076E-03
2, 82570E-03
1.62338E-03

1,91384E-02
1, 56302E=02
1.26699€-02
1.020816-02
3.09111E~05
5,25811E-03
4.%3902E-03

1e80914E-D2

1.52338E-03

1.58839E-03
1.095748=03

1. 71071E-03
1e18139E-03

Z.31911€E-23
1.645376-03

1497957E-03
1,43893E-03

1e36663E-03
9. 30189504

1.15220E-03

BeDi98UE-0%

7.3064885-064
4¢46452E-04

7.89657E=04
4,83932E-04

1.11965E-D3
5.93857E~04

9.96414E=06
6.2677TE-D4

6.20580€=-04
3.79178E=-04

5.36770E~04
3426493504

5.32941E-05
Ol

3.94744E-04
[

3.30780E-D4 .29313E-04 2.11143E-04

1.792435-04
0.

1.55388E~-04

e

1.80916£-03
1416255803
T.66618E-04
4. 9873804
3.00935E-04
Lot 1423E~04



BROYP FLUXES

Ra NGO, GROUPS 10- 18

"1 6,10898E-01 5.94815E-01 5.70134E-01 5.546238~01 5,52436E-01 5.54056E-01 5.80344E-D1 5.65445€-01 5.70940E-01
2 6s11975E-01 5.95804E-D1 5,71043E~01 5.554T1€-01 5.53242E-01 5,54826E-01 5,61086E~01 5,66154E=01 5,71617E-01

3 6.15203E-0) 5.98T65E-01 5.73763E-01 S5.58B0116<01 5,55653E-01 5.571306-01 5.63305E-01 5,68274E~01 5,73641E=0L
_ 4 5.20568E-01 6,03676E-01 5.78273E-01 5.622208~01 5,596456~01 5.60344E-01 5,66976E-01 5,71778E-01  5,76985E-01

"5 6. 28049E-01 6.,105026-C1 S.84539€-D1  5,680638-01  5.65180E~01 5.6622BE-01 5,72058E-01 5.76625€-01 5, 6816056-01
6 6,37609E=01 6,19187E-01 5,92507E-01 5.75489E~01 5,72202E~01 5,72935E-01 5,78491E-01 5,82752E-01 - 5. 8743 8E-01

7 6.492006~01 6.296516-01 6.,02105E~0)1 5.86429E-01 5.80637E~0L 5.80937E-G1 5.852006-01 5,.900816-01 5.94402E~01
8 6.62T516~01 6.,41786E~01 5,1323BE~01 5,94791E~01 5,90386E~-01 5,90230E-01 5.,95083€-01 5.98510E-01 &,02395E-01

G 6.7816TE-NL  6,55545€~01 &,257856-01 6,06466E-01 6.01331E<~01 6.00624E-01 6.05031E~01 6,07920E~01 6.11295E~01
10 6.,95323E-01 6,70435E-01 6.39594E~01 6.19317E~01 6.13325E-01 64120008-01 6£.15897E~01 6.,18169E-01 6.20957E-01

11 7.14058E-01 6.864G8E-01 6,54478E~01 6.33187E~G1 5.28195E~01 5.24102E=01 6,27526E~01 6.29091E-01 6.31214E-01

12 T7.14058E-01 6.86498E-01 £,5447BE~01 6.,33187E-~01 6,26195E-01 6,24192£-01 227526E~01  6.2%091E~01 6.31214E~01

13 7.30854E-01  7,06494E-01 6,72556E~D1  6.,49742E-01  6.41611E-01 6.38808E-01 6 413TYE~O1 6.42047E-D1 6,83255E-01
14 7.50629E~01 7,28600E-01 6.,92159€-01 6.67443E~01 6.,98192E-01 6,54341E-01 6.55913E401  8.55518E-01  6.55554E-01

15 7.72894E-01 T.53056E~0% 7.13151€-01 6,859826-01 6, 75583E~01 6.70390E~01 6, 706T6E~01 6.69029E-01 6.67593E-01
16 T,9712BE~01  7.8002YE-0) 7.35194E-01 7.04841E-01 6.93309E-01 6,8642TE-0L 6.85092E-01 6.B2002E-01 6, TB740E~01

17 7.97128E-01  7L.B002VE-~01 7.35194E-01 T7.04841E-01 6.93309E-01 6.86427E-01 6,85092E-01 56,82002E-0) 6.78T40E~01
18 8,07857E-01  7.83397F~01 7.38270E-01 7.07623E-01 6.95923€-01 6.88700E-01 6,87109E-01 6,83789E-0)1 6,B0237E~01

719 8.179436-01  T.86764E~0L1 TL.A1347€-01 V. 10312601 6.985056-01 6.9D956E-01 6.89118E-01 6.855656-01 6.81729E-01
20 8,27409€-01 7.90112F~01 7.43620€-01 7.13204E-01 7.01056E-0)1 6,931956-01 6.91120E-01 6,873326-01 6.83216E~01

T21 8,36274E-01 T 9383GES0T  TL4T483E-01 Y.15998E-01  7.03573E-01 6’95415& =01 6.93113€-01 6 B85088E-01 6,845976—01

22 B.36274E-01 T.93430E~01 7,47483E-01 7.15996E-01 7,03573E-01 6.954156~01 5.93113E-01 6.89088E-01 6. 84697€~01
23 8.40793E-01 7T.97182E~01 7.50621E~01 T.LBTL4E<0L 7.04005E~01 6.97510E~01 6,95088E-01 6.908376-01 6. 861 T8E-OL
24 8,45218E-01 B.00866E-01 7,53T11E~01 7.21393E-01 T,08404E~01 6,99775E~01 6,9T03TE~O0L  6,92%563E-01 6.876416~01

25 8.4954TE~01 8,044 81E~01  71.56751E<01 7.24033E-01 7.107698~01 7.019108-01 6.98959E-01 6.94265E-01 6.890836-01
26 8,53781E-01 8.0802%E-01 T,59T39E-01 7.26631€~D1 7.13098E~-01 7T.064013E-01 7.00853E~01 6,95942E-01 6.90503E-0)

27 8,53781E-01 8.,08G25E-01 7.59739E~01 T.266316~01 7.13098E~01 7.04013t~01 7.0GB53E-01 6.95942E-01 6.90503E~01
28 8,59507€~01 8.,12834E~01 7,63806E-01 7.30175€-D1 7.16278E~0) 7.06885E~01 7.03441E~0% 6.98235E-01 6,92448£-01

29 B,B5037E-01 8.17498€-01 T.67763E-01 7.33436E~01 7,19381E-01 7.09690E~01 7.05970€~01 7,004776~01 4,94350E-01
30 8,703736-01 8,22012E-01 7,71606E-01 7.36391E-01 7,22403E-01 77'12423E-02 ?.086365 01 7.02664E~01 6.96206E-0]

31 8,75514E~01 8,26374E-01 7.75329e-01 7.40258E-01 7.253408-01 7.15681e~01 +10834E~01 7.047916-01 6.9B011E-01

32 B.T5514E~01 8.26374E~01 T.75329E-01 7.40255E-D1 7.25340E-D1 «15081€-01  7.10834E~01 7.04791E~01 6.98011€-01

33 B,B04564E~01 B8.30590E-01 7.78939E~31 T7.43425E~D1  7.28197E~01 ? V7669E-01 T,13172E~01 T.0886TE~01 6.99774E-01
34 8.85210E~0% B8.34647E~01 7,82423E-01 7,86691E-01 7.30964E-01 7T.20178E~01 7.15441€-01 7,08883E~01 7T.01489E~0}

T35 8.8975%E~01 B8.38544F-01 T.85TTOE~0L 7.49450E-01  T.33638E-01 T.22605E-01 71,1783BE-01 7,10836F~01 T.03180E~01
35 8.94097E~01 8,42279E-01 7.89004E-31 7T.52299E-01 7,36216E=01 7.24948E-01 7,197595-01 T,12722€-01 T.04755E-01

37 B.94G97TE-01 8.42275E-01 7.89004E~01 7.52300€-01 " 7.36216E-0C1 7.24948E-01 7,1975%E-01 7T.127226-01 7.04755E-01
38 9.02189£-01 8,492828-01 7,95079E-0L 7.57686E-01 7,41135€-31 7.29398E-01 7T.23799€-31 7.1632¢E-01 7.078375-01

39 9,09465E-01 8.556258-01 8.,00617E-D1  7.625198-01 7.45%598E-01 7T.338016-01 7.275356-01 7.19689E-01 7.10T13E-01
50 9,15950E-01 8,61314E-01 s 05609E~01  T.6TOBSE-01  7,49683E-01 7.37242E-01 7.30951E-01 7.22734E-01 7.13381€-01

41 9.21668E-01 8.66353E-01 JADG53ESTT T, TIOTEECGT  T.93351E-D1  7.40610E-01 7.34033E-01 T.25506E-01 T.15162E-01

vl



&2 9.215666E~01 B.66353E-01%

43 9.2653%50-01 8B.T0766E-01
48 9.30857¢- 01 8. 74545E-01
6% 9,343595-01 8,777058~01
46 9.3TLT1E-01 8.80265E=-01
47 9.371715-01 8.80265E-01
48 9.39324£-901 8.82243E-01

49 9,40849E-01
50 9.417828-01
51 9,421585-01

8.83660F-01
Ba84537E-01
B, B4900E-01

52 9,42158E-03
53 9.428556-01
54 9,42931E-01
55 9,417926-01

St S.41845E-03

8,84900E-01
§. 86899E~0Y
8. 84 TT9E~GL
8.84544E-01

B.B4LGTE-OL

57 9,41 445201
53 9.40896E-01
59 9,602165-01
60 9.39417E~01
51 9.3B510E-01

8.83641E-Q1
8,829345=01
B.82089E~01
8.81106E~0%

62 9.385106~01
63 9,37139E~01
64 9.35590€-01

8.81106E-01
8.79519E=01
£.78425E-01

85 9,339512-01 £,76937E~-01
66 9.32219E-01 B.75384E-01
67 9.206095<01  8.737138-01
55 9.28526E-01 8,719878=-01
59 9.26568E-01 8,70188E-01
7D 9.245306-01 $.68313E-01
71 9,22399E-01 B8.66359E-01
72 9.20156E-01  8.64319E-CL
T3 G ITTTIE-0T 6.621R4E=0%
T4 9,152308-01 E,59942£-01

75 9,152305-01 B8.59942E-0C1
76 9.14075E-01  B8.587728-01
77 9.12879E-01 B.57536E-01

78 9.11636E-G1
79 9,10344E~01

8.56294F~01
8+54985€-01

B0 9.1034%E~01 8.54985£-01
81 S.0B8405E5-01 8§.53023E-01
82 9.063545-01 6.50959E-01
83 9.041B75-0%1 B.48790E-0%
84 9,019028-01 B8.455138-01

[s- N+

8.46513E-01
84441 17E-01
5.41609E-01

B5 9.01902E-01
86 B.99484E-01
87 8.96934E-01

T B.BAL9TE-0L

8.10053E~0}
8.13959E-01
8.17348E-0¢
8 20208E-01

22535E-01

6.22535E-01
8424367501
B8.25713E-01
8.2659CE-01

8.,270192-C1

8.27019E~01
8.27073E-01
§.27022E~01
8,258 TOE-01

B8425519€-01

B.26619E-01

8.26193E-01
8,256336-01
B.2494TE~D1
3.24139E-01

Be24139E-01
B.230415-01
£.21813E-01
8.420478E-01
8.19030£-01

B, 17678E-01
8.15826€-01
9.16074E~01
8.12222E-01
3.10245E-0}
8.08199E-01

€.06017E=H1
€.03T10E-01

8.03710E-02
8.02523E-01
F.012966-01
8.00029E-01

7.93719E-03

7.98719E~01
7.96768E-01
7.947295-01
7.92599€-01
7.90378E~D1

T7.90378E-01

7.88053E-01
7.85635E-01

T 7.621382-01

TT.51294€-01"

7.7L078E-05 | 7.5335iE-01
Te74614E=01  7.556178-01
ToT7586E-01 7,599 T4E~-01

To40610E~C1l 7.34033E-01%  T.25506E~01  7.15762£-01

7.43621E-01

Tea0267E-01

Te36834E=21
7.39248E=014

7.28005E-¢1
7.30228E=-01

T 1T946E-Q1

7.64575E-01
7.63374E-01  7.45533E-01
T 44235601
T.42904E~01

41540E-01

7.60864€-01 ]
7.59553E-01 7.

7.595535-01 7.415405-01

T 7.468G0E-G1

T7.30258E-01 7.61924E-01 T.48547E-0% T.641363E-01 7.3216BE=0% 7.21656F-01
T.82456E-01 T.63973E-01 7.50663F-01 7.431568-01 T.33823E-01 7,23168E-0})
7.82456£-01 7.639718-01 7.50463E-01 7.43156E-01 7.33823E-01 7.23168E-01
_TeBA1TIE=01  7.65622E-01 7.520205-01 7.44625E-01 7.35193E-01 7.25449£=01
7.85456E-01  T.66839E-07  7.532256-C1 7.65776E-01  7.362835-01 7. 25503601
Y.B5324E-01  T.87T82E-01 7.54087E~0Y  7.465614F~0% 7.37095E-01 7.263328-01
VeB6TIZE-CL  T.68315E~01 7T.546155-01 T.4T148E-GL 7.37638E-01 7.26942E~03
_7.867925-01 7.68315€~01 7,54615E-0L 7T.47148E-0% 7T,3763BE-01 7.25942E-01
T 46882E-31 T.68651E-0% 7 54T58E=01 7T.47302E-01 T.378086-01 T.27364E-D1
T4868TBE-0L 7,68502E-01 7.54819€6-01 7.473818-01 T.37909E-33% T.27327E-0%
T.86781E-01  7,6B8468E-01 7.56800E-01 71.473858-01 T.37962E-0% T.27433E=-0%
7.56595E-01  T,68354E-01 7.54704E-01 7.47318E~01 7.27909E-01 7.274B2E-01
T 86595501 7.68354E-01 7.547065~0% 7.471316E~01 7.37900E-01 7.274826-01
7a8625565-08 Y,881108-0% T7,54487E=-01 7.47137E=31 7.377808-01 7T.274636~0L
ToB5794E=0L To67754E-0L 7.54159E=01 7T.4585%E-01 7.37651E-0% 7,273556-01
7.85214E=01_ T7,672898=01  7.53724E-01 T.484636=01 V.372258-01 7,27162E-01
7.84522E-01 T.66T208-01 7.53186E-01 7,48974E~0% 7.36806E-01 7.268875~01
7.84522E-01_ T.66T20E-031 7.53186E-0% T.45974E-0% 7T.35306E-0L 7.26887E-01
7.835545-07  7.65692E~01 7.523c7£ 01 7.452415-01 T.361S2E~01 T.26394E-01
7.826465-01  7,64900E-01 7.514398-0) 7.44325E-01 7.352972-01 7. 25659E-01
7.812076-01  7.63751E-01 7.5@3155-01 T 432326-08  7.342468~01 T.24490E—01
7.79852E-01  V.52450E-01  7.49037£-0L  7.41956E-31  7.33003E-0%  Y.234915-01
7.78357E-01 T.61002E~01 7.67602F-01 T«%0530E=01 7.315726=0% T.22068E-01
7.76762E-01 7,594108-01 7.48013€=-01 zﬁ3e9vx§:g17 T.29956E-01  7.20423E-01
7.750308-01 T.576THE-01 7.44273E-01 7.37158E-01 7.281556-01 7.1B8559E-01
7.73189E-01 T.557955-01 7.423826=01 7.35224E-01 7.26172E=01 7,164776=01
7.71228€~61 T.53772E=01 7.40340E=01 7.33124E-01 T.24006E-021 71.3%417T6E<DL
J.69L42E-UL T.51601E-01 7.38145E-01 7.30889E-01 7.216588-01 7.11657E-0%
7 65927E<01 T.492TBE~D1 T.35T94E-01 7.28926E-01 7.i91256-01 To0B915E~01
7.54575E-0)  7.468G0E-01 7.33255E-0) 7.25B26E=01 7.166055-01  7.059496-01

7.332868~01 7,25024E-D1 7. 16405E5-01 7.05949E-01
Te32D00E=01  7.24%486E-01 T,15000F-51 7T.06400E-01
Te30683E-01 7.23119E-01 T.13570E=01 7.028308-01
T.29334E=01 7.21722E~01 7.312112E-Q1 7.012395-01
T.27954E-31 T,20295E~01 T.106286=61 6.99627E-01

T.27954E-01

7.20295E-01

7,10628E-01 6.99627E-01

7.5T606E-01
7.55582E~01
TeE346TYE~CL
Te51294E-01

7.39525E-01
7. 3T453E-01
7.55292E-01
T+33071E-01

7.49018E=01
7.46563E=01

7 36771E-G1

. 284028-01

TT.330T1E-01

¥.259186-31
7.23821E-01
7021660801
T.194338-03

7.11564E-31

7.18196E-2¢
Te15062E-01

7.133328~01

T 7.,19435E-01

7.171362-0%
7.1677TE-0}

Te11554E-31
7.092288-01

T OEAR2E-DL 5. 972TRE-01
706230801 5. 948E9E-DL
7.03959E-01  6.924T1E-01
1 7.016408-01  6,90017E-01
7.016606-01  6,90017E~D1
6.99260E~01 6.87513E-01
6.96841E-01 6, 84948E-01

T.068428-01

7o 1991 4E-01
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88 8.94251E~-01  B8,38988E-0) 7.83122E-01
89 8,91433E~01 B8.36253E~01  7T.80514F<31
90 8,951433E-01 8,38253E~01 T.80514E-01
9t 8,85387F=01 B.30414E~01 T,7%931{E<01
92 8.78T43E-0) B.24119E-0L  7,59088€-0%1
93 B,71564E~01 B8,17363E-01 {.62808E-01
94 B,63B37€~-01 8,101%55E-01 7.56157E-01

T.44226E~-01
7,41707E=-01

7.25965E=01

7.12338E~01

T.Q4505E~QL

$:94382E=-01

b2 82441E-01

7. 23459E-081

T,09BTBE-OL

TO019L6E-31

6.31881E-01

b, 7987001

T.41707E=-01
T 36409E-1
T+ 30793E-~01

1.23459E-01

7.18225€E-01
7.32728E~01

TT 24R8YE-00
T.18621€E-G1

7.06370E~01
7.00958E-01

_7.09878E-01

7.01916€E-01

€. 1BBLE-01

6., 13870E-01

T.064723E-01
_$:99344E-01

£.96771E-08
6.914%8€-01

6. BST4TE=DL
6.81486E-01

6. 74646E-01
6.69380€~01

6.93746E~01
$,87933E~01

6.85950£-01
6.80281€E~-01

6.76099E-01
6.70591€-01

6.64067E-0L
6.58710E=01

95 B.63837E~01

96 8.55588E~01
97 8.46826E-01
38 8.37571€-01

8,10155€-01

8,02516E~01
7.94452E~01
7.85979E=-01

99 8,27845E-01

100 8,27845E~01

T.17119E~01

7.77119E-01

T+56157E~01

7.49153E-01
T.41800€-01
T+34116E-01

T.185621E-01
7.12088E~01

7.00959E-01
5. 94709E-01

6,87933E-01
6+81924E-01

6.80281E~01

6. T4458E-01

6. 7T0591€-01
6+64975E-01

7.05267E~01
6,981 T4E-01

6.8B8222E-01
5.81515E£-01

6.757168-01
6.69326E-01

£.68475E-01
6.62350E£=01

7,261256-01

7.26125E~01

101 8.17737e-01
102 8,07247E~01

T.67984E~01
T, 58458E~01

T I7898E-01
7.09400E-01

T6,90833E-01

6. T4511E-01

65.62776E-01

£.561016-01

6.59243F~01
6.53411E-01

"5.58710E-01

6. 5331 8E-01

£.47873E-01

$.423%91€-01

6+ 4749TE-01

6,36830£~01

5:90833E~01

6.T4611E~01

6.62TT6E-01

6.56101€~-01

6. 4T49BE=-01

6,36830E-01

54 83306E-01
6+ 75564E~01

6.67556E=01
6. 60347TE-D1

6.56118E-01

6.49313E~01

6.49778E-01
6.43332E-01

6+4154TE=-01
6.35499E-01

6+31410E-01
6.258628~01

103 7. 96411€-01
104 7,85267E-01

165 7.85267E<01

106 7.79627E-01

T.48662E~01
7.38603€-01

7. 38603E-01

7.33518E-01

7.00874E-01

6,91 754E~01

6.91754E-01

5,87262E~01

107 T 7393601
108 7.68203E-0%

109 ¥.62433E-01

110 7.562433€-01

7.28384€-01
7.23204€-01
T.17886E~01

7.17986E-G1

111 7.56657E-01
112 7.50872E-01

113 7.450856-01
114 7.39308E-01

7 12756661

T,07501E-01
7.062227E-01

6:96941E~01

§,827336-01

6,7T8175E-01
6.73592E-01

6.73592E~01
6,69008E~01
6.64411E~D1
6.59808E-01

6,595 70E~-01

b.8T640E=01
6.59570E-01

6.5298TE=01
6.45520£-01

6.,42393E~01
6.35387E-01

6.36791£-01
&6,30185€~01

6+29381E~01
$.23220E~01

6.20275E-01
6. 14681E-01

6.55518E~01

6.,455208-01
5.41732E-01

6.353B87E=01
6,31884E-01

6.30185E=-01

6+ 26889E~01

T 6,23220E-01

5.20156E-01

5,14681E-01

501191 4E~02

6.51439E£-01

6.55204€-01

115 7.39308E~01
116 7.33568E~01
117 7.27865E-01
118 7.,222106-01
119 7.166156-01

6.95941E-01
6.91568E-01
6,86397E~01

6.81136E-01

&4 79890E~01

126 7.166156=01
121 7.07476E=0Y
122 6.98459E~01
123 6,89504E-01
12% 6.80948E-01
T125 6,72533E-01
126 6.64357E=01
127 6.5647TE=01
128 6.48904E-01

129 6.41656E-G1

130 6.3474%E-01

B, 7589CE~01
5.69300E~01
 6.62854E-01
6.56587E-01
5,50531E~01

b4 T20E-0L T

6.33184E=-01

6,32953E-01

6.,29055E~-01

T6.24518E=01

6420369E-01

131 6,2B194E-01
132 6,21999€-01
133 8.16i896-01

6§.16635E-01

6.13341£-01

6.,10514E-01

4. 55204E-01

6.50622E-01
T 6,46053E-01
6.,41503E-01
6.36979E-01

6.36979E-01
6431153E=-01
6.254626-01
§.,19930E-01
6.,14582E~01

$:4T340€-01

6.43226E~01 6

6.38024E-01
6.342528-01

6.28365E-01

6:24835E-01

6.235796~01
6, 2025TE-01

6. 17078E-01
§+13992E-01

6.30472E-01

8.21297E-01

6,16929€-01

6,103026~01

6.09137£-0%

_6,063526-01
6. 03565E-01

6:43226E~01

6.30472E-01

6.,21297E-01

6.16929E-01

$,10902E-0%

6.03566E~01

6,39117€-01
6+ 35002E~01
6,30885E-01

6.26777€-01

6. 26703E-01
6.,22932E-01
6.19165€-01

B.15407E=01

6., 17771E~01
6.14241E-01

64,1361 3E-01
6.10292E~01

4,07824£-01
6.04741E-01

6, 0079501
5.98018BE~01

6:10715€-01

6.0TL956-01

6.06971E-01

6, 0165701

5.9%238E~01

T 6. 267TTYE-G1

6.,22693E-01

£.18625E-01

6.14580€E-01

6. 1540 TE-G1
5.11678E=01

5.07195E-01
5.03699€-01

6., 07967E-01
6.04279E=~01

6+00216E=-01
5.96750E-01

6.03654E~01 5.98577E-01  5.92481E=01
6.03654E-01 5,985771E~01 5.92461€~01
6.00358E~01 5,95516E-01  5.89T03E=01
S,9T069E~01 5.92459E-01 5.869456-01
5.93791E-0} 5,89409E~0L 5,84189E-01
5.905296-01 5.863726-01 5.81842E~01

6.10564E-01

6.00632E-01

S$.93307E-01

6+1G566E~01
6.05320E-01
6.00198E-01
5.952156~01
5,90390E~01

6,00622E-01
5.95834E-01

5+91123E-01

5. 86519€-01
5.,82021€-01

5.93307E-01

5.90529E-01

5,86372€~01

5. BL442E~01

5.88822E~01

5.84403E-01

5,80063E-01
5.75810E-01

5,86277E~C1

5+ 82073E-0)

5.82415€~01
5.78485E-03

5. 7TT7869E~01
5. 14232E~01

5.T7926E-01

54 73844E-01

5. T4588E~01
5.70733E-01

5.70T20E~01
5,67T161€-01

5,04523E-01
'5,998556-01
5.95453E£~G1
5.91336E~01
5.,87520E-011
'5.,84022E-01
5,80356E-01
5, 7803601

5.09439E-T1

T5,58454€6-01

5,85738E-01
5,81277E-01
5.77019E-01
5,72980E-01}

5.65606E-01

5.6229%E-01

5.59238E-01

5. T1645E-01
5,73433E-0}

5LT1655¢6-81
5.6T606E~01

5.59834E-01
5.65902E-01

5.569306E-01
5,65353E-G1

5,57965E-01
5.54522€-01
5.512528-01

5.69172E-81 5.61581E-01

5.6365%E-01
5,59851£=01

5,586157E-61

S 525915“01

$.62053E-01
5.58293E-01

5.6€925€~-01
5.63170E-01

5.59473E-01

5,55837€-01

%.,63622€-01
5, 60109E~01
S.56627E-01
5,531 81E-0}

5.54622E-01
5 51045601

5 8584?E~01

5o 47 560F~
5.441692*01

S.4B157TE-01L

5.42669E-01

5, 4086 TE-D1

5.52265€-01
5,48760E~01
5,453

5,41948E-01
5.38640E-01

S5.49775€~-01
5.46411E=01
31E-0Q
5,39817E~01
5,36587E-01

SP1



134 6,10705E-01
135 6.05603E-01

136 5.056903E-01

137 5.7

9470E-01

138 5.5148%E-01
139 5.21720E-0C1

140 4.90631E-01

141 4.5

58817E-01

142 4.26867E-01
143 3.95309E-01
144 3,64585E~01
145 3,35050E-01

145 3,069705-0%
147 2.80642E-01

_0‘

148 2,55895E-01
149 2.33108E-01

180 2.1

2214E-01

151 1.,93211E-01

152 1.93211E-01

153 1.63979E

~01

154 1.38354E-01
155 1,16164E-C1
156 9, T14T0E~02

157 8.09844E-02

158 5,7
159 5.5

I369E-Q2
B8709E-02

160 4.62742E-02
161 3.82642E-C2

5.08177E-01
6.06358E-01

6.06358E-01
5.89611F-01
5.6T45TE-O1
5.41139E-01
5.12209£-01

%.81719E-01
4,504 792-01
4,191878-01
3,88374E-0}
3,58469E-01
3.298028-01

3,026228-01
2.77105E-01
2.53373E-01
2.314958-01
2.11507E=-01

2.11507E-01
1.80677E-01
1.53280E-01
1.29302E=-01
1.08568E-01

9.08113E-02
T.57206E-02
64297T31E-02
5.225%4E-02
4,32760E-02
3.57713E-02

162 3,15506E-02
163 2,603575-02
164 2.145195-02

165 1.,75568E-02
165 1.43398E-02

167 1.1

5386E-02

168 9,356045-03

169 7,407026-03
170 5.71828E-03
171 %.226176-03
172 2.874828-03
173 1,63 406E-03

174 1.61406E-03
175 1.06576E-03
176 7.07030E-04
177 4.59251E-04

378 2.76180E-04
29476E-04

i19 1.
180 0,

Z.9%083E-62"
2.42937E-02
1.992156E-02
1.62714E-02
}.320408-02
1.06090E~02
8.39211E-03
6.4T271E~03
%.78245E-03
3.26497E-03
1.87T775E-02

i.87775E-03
14134125-03
T.1960GBE-C4
4,57594E~04
24724G3E-04
1.27207E-04
0.

5.755T4E-D1L
5,.73483E-01

5.73483E£-01
5.5682T5-01
5.36583E-01
5 13327¢-01

§TTT0E-01

’4 60634E-01

4.32539E-01
4.,04225E~01
3.76049E-0D1

3.48678E-01
3.2 E598-01
2.964228-01
2472395601
2.+49904E-01
22933701
2,09838E-01

2.09838E-01
1.800665-61
1.53468E~01
£.300235-01
£.05602E-01
9.19919E-02
7.69326E-02
6.41420E-02
5.33371E~02
%.42485E-02

3.65258E-02
3.02461E-02
2.491106-02
2.04474E-02
1.6T056E~02
1.35567E-02
1.08900E-02
B.61096E-03
6.63883E-03
4.90503E-03
5.35166E-03
1492960E-03

1.92960E-03
Le16129E~03
T.26975E~04
4.56516E-04
2.69521E-0¢4

" 1.25724E-04

O

5.53944E-0]1 5,45236E-0L 5,39818E-01 5.37652E-01 . 5.35395E=01  5.33401E=01
§5.51713E-01 5.42486E-01 *5436689E-01 5.34520E-31 5.32208E-01 5.30257E-G1
5.51714E-0% 5,42486E-01 5.36689E=01 5.34520E-01 5,32208E-01 5.302576-01
5.34784E-01 5.22718£-01 5.15523£-031 5.,11980%-5% 5.59033£-01 5.071298-03
5.153416-01  5.02091E=01 4e94059E~01 4.89629E~0) 4.8627LE-01 4. 842456=01
4.93548E-01  4,803825-0% 4.72072E-0L 4.6T208E-01 4.63595E-D1 4.561527E~01
4,TO111E=01  4.57551E=01 4.69502E-0% 4444597E~01 4,4095S3E-01 4.38931E-01L
4,457 11E=01 %.33845E-01 4.26616E=01 4.21782E-01 4.18318E~01 4.16449E~01
4.19442E-01 4,095226-01 #4.02967E-01 3,98837E-01 3,95724E~-01 3.94111E-01
3.93277E=01 3.84901E-01 3.79363E-01 3.75B88E-01 3.73251E-01 3. 71977E-01
3.67146E-01 3.60303FE-01 3.558365=031 3,530956-01 3,51010E-01 3.50133E-01

3.416296~01 3.36031E-01 3.326186-01 3.30630£-01 3,291296-03 3. 28675801
3.154375-01  3,12354E-01 3,09925E-0% 3.08662E-01 3.07737E-0% 3,0770BE=0}
2.924265-01 2,895002-01 2.87950E-0L 2.8734TE-01 2.B6958E-0L 2.87329E=01
2.69594E-01 2.67649E=01 2.668505—01 2.66316E-01 2.66899E-01 2.67628E-0%
2.480865-01 2.45Y39E-01 2.46747E-0L 2.47172E-01 2.47649E-CL 2.48679E-01
2,279958-08  2,274605=01 2.27T723E-01 2.28489E~01 2,29270E-01 2.30S38E-01
2.09372E-01 2,09259E-0% 2,098226-01 2,30B056-01 2.11799E-01 2,13241£-01
2.09372E-0}  2,09259E-01 2.09822E-01 2.106056-01 2.11799E-01 2.13241E-01
1.60351E-01  1.80706E-01 1.81743E=01 1.82991E-01 1.84245E-01 1.858895-G}
1.56329E-01 1.55235E-0% 1.56506E~01 1.57931E-01 1.59439E-01 1.61225E-0}
1 J12T73E-01 1.32533£-01 1.34017E-01 1.35659£-01 1.37263E-0% 1.391358-D%
1.110728-01  £.12514E~03 1.14157E-01 1.15893£-Di 1.17580E~01 1.19484E-01
q 35471E~02 9.50774E-02 9.675926-02 9.85294E-02 1,00238E-01 1.02126E~01
ToB84735E-02 5.,000205-02 B8.16590E-02 8,339235-02 8,50698E-02 8,68967E-02
6.55020E-02 6, 70646E-02 6,865126=02 7.02897E-02 T,18922E-02 7T.36226E-02
5.46T66E=02 5,53315E-02 5.75004E-02 5.90203E-02 6.95156E-02 6.21228E=02
4.544T0E-02 4.66711E-02 .8G004E-02 4.93809E-02 5.07480E=02 5,22148E—02
3.76783E-02 3.87619E-02 3.99423E-02 4,31736E-02 4.240128~02 4,3T186E-02
3.11556€-02 3.20986E-02 3.31296E-02 3.421066-02 3.52954E-02 3.6h613E-02
2.55856E-02 2,64941E-02 2.73820E-02 2.831T4E-02 2.92622E-02 3.02801E-02

2.109838-02
1.72454E-02
1439979E-02

2.17823¢£-02
1.78161£-02
1.44675€~02

1.12648E-02 1,16253E-02
5.890708-03  9.19381E-03
6.85426E-03  T,09115F-03

5,24 T57E-03
3.50434E-C3
2 1§i304E-03

5.06590E-033
3.466645-03
2.006195-03

2.25366E-02
1.84486E-02
1.49908E-02
1.20522£~92
9.53684E-03
Te36230E-03
5.45845E-03
3.76619£-03

2423651E-03

12436955E-03

2,33353E-02
1.91219E-02

2,414T1E-02
1.98105E-02

2.50244£-02

2.05571E-02

1.67551E-02
1,35088c-02

1.55511E-02 1.61276E-02
1.25122E-02 1,298834E-D2
9.909098-03 1.02970E-02
To65891E=03 T,96979E-03
5.69080E-03 5.935{2E-03
3.944695-03  4.131406-03

31.07223E=02

8. 3LOTIE-03

6,20182E-03
%4 33142E-03

2.50568£-03

2.64341€-03

2.00619£-03
1.20231E-03
T.44505€~04
4,62490€E-04
2.70876E-04 2.,78412E-04
1.25273E-64 1.28178E-04
G n.

2.31304E5-03
1,265858-03
7.77899£-04
4. TSB6BE-04

2423651E-03
1.34222E-03
8.20619E-04
5.01%13E-04
2.89590E=-04

1.32753E-04
O

T1.3%035€-04

2.64341E-03

2436995E~03 2.50568E-03
1.43005E-03 1.52080E-03
Be72513E-0% 9.27290E-0¢

1.61453E-03
3.85256E-04

T 5.5610756-04
3.20600E-04

5.30203E-04
3.04489E-04

5¢ 94501 E-04
3.38350E-04

1.45848€E-04
0. 0.

1+ 53445E-04
Oe
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_ GROUP FLUXES

39 7.03408E-01

_ 40 7.057336-01
%1 7.07T848E-01

6. 907C1E-C1

6.92522E-01

6.79727E-01

5.,81113E-01

6. 70694E-01
5.71583E=01

6. 40295E-01
6,40455E-01

6.16285E-01
6.15672E-01

6.0159TE-01

5, 00687E-01

Ro ND, __ GROUPS 19~ 27 R e »,
1 5.75616E-01 5.79557E~01 5.82955E-01 5.83677E~0! 5.80872E-01 5,805TTE~01 S5.83386E-01 5,81934€-01 3,97780E-01
2 5.76262E-01 5,80207E~01 5.83532E-31 5.84223E-01 5,81376E-01 5.81039£~01 5.83801E-01 5,82289E-01 3.,98157E-01
2 5,781906-01 5.820296~01 5.852556-~01 5.B85852E-01 5.82B878E~D1 5.82419E-01 5,85034E-01 5,83342€-01 3,99312E-01
4 s,g;gvzs -01 $.85035E~01 5,88095E-01 5.88538E-01 5,85353E~01 5 B84686E~01 5,870528-01 5.85056E-01 64.01344E-01
55, 857676-01 5.89180E~01 5,920066-01 5.922376-01 5.88753E~01 5.87794E-01 5.89798E-01 5,87367E-01 4.04462E-01
6 5.91309E-01 5,9439TE-01 5,.96923t-01 5.94888E=-01 5.930176-0} 5.91675€-01 5.931B8E-01 5,90184E-01 4.090776-01
7 5 9T9Y4E-01 6.00601F~0) 6,02761E-01 6.02412E=01 5.980560E-01 5.96241E-01 5.97114E-01 5,93387E-01 4,15977E-01
8 6,054B0E-01 6.07687E~01 6,09416E~D)  6,08T717E-D1 6,03781€-01 6.01382E-01 6.01433E=-01 5.96821E-01 4.266428-0)
9 6.13885E-01 6,155296~01 6.15763E-01 6,15690E-01 6,10059E-01 6.06965E=01 £6.059T0E~01 6.00294E~01 4.4#3839E~01
10 6,22984E-01 6,23S7TE~0l  6.24658£-01 6,23210€-01 6,167T526~01 6.12834E-01 6.10504E-01 6.03569€-01 4.72716E-01
11 6,32613E<01  6,328606~01  6.329356-61  6.31141E~01  5.236096E-01 6,1B804E~01 6.147626-01 6.06358E~01 5.22833E~01
12 6.32613E-01 6.32860E-01 £,32935E~01 5.31141€-01 6,23696E~01 6.18804E=01 6.14762E-01 6.06358E-01 5.22833€-01
13 6.43B13E-01 6,43008E~01 &.42193E-01 6,39816F-01  6,30879E~0)  6,24574E~01 6.18651E-01 6.08250E~01 5.542B88E-01
14 6.55078BE-D1  6,52927E~01  6.50928E~01 6,47669E~01 6,36T11E-01 6,285436-01 6.20873E-01 6,08Q018E-01 S5,71702€-01
15 6.65B95E-01  6.52064E-D1 6.58592E-01 6.54233E-01 6.40592E-01 6,30066E-01 6,207T13E~01 6,0486TE-01 5.79182E-01
16 6. 7564TE-01 6.69747€=-01 6,64514E-01 6.58925E~01 6.41730E-01 56.,28296E~D) 6.17354E-01 5,97856E-01 5,78885E~01
17 6.75647E~01 6.65T4TE-DY §.54514F-01 6.58925E~01 6,%1730E-01 6.28296E-01 6,17354E~-01 5,97856E-01 5, 788B85£-01
18 6,76933E-0)  6.70T06E-01 6,.65197E-01 6.59428E~0) 6,41523E-01 6.27699E-01 6,16553E-01 5,96393E-01 5. 78330E-01
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133 5.33896E-01 $.25595E-01 5,19520E~01" 5.07833E<01 4,98167E-01 #.,82999€-01 4,.72829E=01 4,59976£-01" 4,57591E-01

(41



134
135

136
137
138
139
a0
14}
142
143
144
148
146
147
148
149
150
151

152
152
154
15%
156
157
i58
159
166
FE-X
182
16%
154
155
1466
1567

188

169
i70
T
172
173

174
175
176
177
178
179
189

5430725E-01
5.275T78E-01

5.27578E-01
5,06431E=C1
4.81560E~01
4.58906E~-01
Ge35441E-01
%.14164E-01
3,92100E-01
1. T0299E=-01
3.,483828E=01
3,27764E-01
3,67191E-01
2.8T190E-01
2.67834E-01
2.%91858-01
2.31293E-01
2.141905~01

20 34190E-01
1.37091E-01
1.82617E-C1
1.40656E-C1

1.21079E-01

1.037643E-01
8.84910E-02
7.51566E~02
6.356T6E=02
5.35497£-02

42493106202

3, 7545
3.1235 £-G2
2.58547E-02
2.12693E-02
1.72580E~02
1440121E-02

5.22701E-01
5.19383E-01

5.19253E-01
4,9%601E-01
5,76937E-01
4.55095E-01
4,33225E-01
4.11431E-01
3,89800E-01
3.,684125-01
3.473468=-01
3.266798=01
3.064885=-01
2. 96547501
2,67819E~01
2.494625-01
2.31819E-01
2.14921E-01

2.149215-01
1.88083E~-01
1.639186-01
1.42001E-01
1,22513E-01
1.05216E~01
8.99593E-02
7.65832E-02
6.493328-02
5,48127E-02

4,60872E-02
5468E~02
L21597E-02
2.6563TE-02
2.19678F-02
1.79528E-02
1,451 14E-02

1.11358E-02
B,64643E-03
5446397E-03
4.52939E-03
2. T8332E-03

2.785328-03
1.708B96E-03
1,04429E-03
6.289T0E-04
3,56675E=04

1.61418E=04
n.

1.154805-02
B.977755-03
6.725562E-03
4, 7250CE-C3
2.91602E~C3

2.,91602E-C3
1.,80554E-03
1.10708E-03
6.,66648E-04
3,T7459E~-04%

T 1.T0266E-04

0.

5.,16799€~0}
S5.14120E-01

5.14120E-01
4,94092E-C1
4473440E-0Y
4,52610E-01
#231190¢-01

«QU93LE-D1
3 #B8755E~01
3.87TTIE-D]
3.470T1E-D]
3.,26741E-01

3.06850E-01

2.878018-01
2.63726E-01
2.50587€-01
2.33129E-01
2.16384E-01

2.,16384E-01
1.897395-31
1.55589E-01
1e%3338E=-01
1.24369€-01
1e07049E-01
9.1T338E-02
T7.82712E-02
6.65029E-02
5.62686E=-02
4 T4099£-02
5.97723E-C2
3.320865=-02
27580102
2.27584E-02
L.B6260E-02

1450764E=02

1,20141E~02
9.35376E-03
T.01915E-03
4454203E-03
3.06051E-03

3.06051E-03
1.90535€-03
Lo ITI6HE-D3
7.057CLE-D4
3.99021E-04

1. 798158 =04

0.

1455672E-02

5.,05348E~01
5.02936E-01

5.02936E-61
4, 85154E=01
4,56202E-01
4,26485E-01

4,26306E=01
%.05893E-01

3,85426E-01
3.650505-01
3,44835E-01
3,250356~01
3.05585£-01

81345€-01
79748E-01

4.9373LE-0}
4.,75525E-31
4.584D1E=-01
4,395756-01
4. 20261E-01

4,79748E-01
6.5544GE-01
4.50972E-01
4.340326-C1
4.16108E=01

2.88815E-01
2.681688E~01
2.50357€-01
2.33164E-01
2.16643E-01

2.15643E-01
1.903145-01
1.65413E~01
le24846E-01

1.25502E=01

4.7107T0E-01
4459312E-01

4459028E=01
4.58109£-01

4.55145E-01
4.54628BE-D1

4469312E-01
4.55635E-01
4.405668E-01
4. 268026-01
4.07666E-01

4.58L09E-01

4.45084E~-01

_4.37143E-01

4423129E-01
4.07844E-01

46,5462 8E-01)
Lo 628 TIE-D1
4429751E-01

4.15781E-01
4.00812E-01

1.93331E-01
1,65739E-01
1.656115-01
125244501

1.91721€-01
1.682776-01

1.47036E-01
1.27906E-01

4,006515-01 3,97561E-01 3.90099E-01 3.91133E-01 3.85023E-01
3.80916E-01 3.78563E-01 3,72122E-01 3.7394L1E-01 3.6B6136-01
3.51203E-01 3.596276-01 3.53929E-01 3.56338E-01 3,5177BE=01
3,41639E-01 3,40822E-01 3,355856E~01 3.3854LF~01 3.34T0LE=0]
3.22331E-01 3,21785E=01 3,17535E-01 3.20726E-01 B3.175456-01
3.02375E-01 3.032306-01 2,99596E-01 3.030376-01  3.00450£-01
2.84851E-01 2,850496-0% 2,H10968E-0f Z.B55936-01 2.63538E-01
__2.6682TE-01 2.67321E-01 2.64733E-01 2.68492E-01 2, 66910E-01
2.49359E+01 2.50109E-01 2.47959E-01 2.51817E-01 2.50652E-01
2.32494E-01 2.33464E-01 2,31699E-01 2.35637E-01 2.34835€-01
2.16269E-01 2.17430E-01 2.159928-01 2.20014E-01 2.19516E-01
16269E-03 2.17430E-01 2.15992E-01 2.20014E-03 2.19516E=01

1.907815-51
1.577558=-01
145852801
1.27969E-01

1494804E-01
1. 71558E-01

1.94T86E-01
1.72006E-01

1.50571E-01
1,316488E-03

1.51187E-01
1,32291£-01

1.08257E-01
9.297T16E-02
7.95014E~02
6, 769508-02
5, 73592 E-02
4,846 18E-02

1.69120E-01
9!;938‘E-ﬂ2
B.OATOTE=02
4o B6635E~02
5.33500E-02
4, 93545E=02

1,107776-01
9,55285E~02
8.202678=02
7.013408-02
5.970955~62
5.063255-02

1.11065E-01
9.59647E-02
3.25645E-02
7, 07335E-32

6o 03380E-02
5.12438E-02

1.14325E-01
9.89752E-02
8.33218E-02
F.32389E-02

$425965E-02
5432633E-02

1.15250E-01
9.99728£-02
8.563506€-02
Te#2663E-02
5,35969£-02

5.42171E-02

4.073254E-02
3.4074BE=-02
2.83484E-02
2.34300E-02
1.92046£-02

4. iSAK6E<02
3.463256~02
2.9025TE-02
 2.403131€-02
1.97272E-D2
1.60137E~02

4427051E-C2
3.58537£-02
2.993158~02
2.481B9E-02
2,04050E-02
1.65875E-02

4a33186E-02
3.64342E-02

3.04683E-02
2.53051€-02
2.38366E~-02
1,69627€-02

%o S1093E-02 4.80024E-02
2.30088£-02 3,88307E~C2
3.183988-02 3,25843E-02
2.5468736=02 2.71511E-02
2.13433E-02 2.,24252E-02

1.78072E-02

1.83877E=02

1,24230E-02
9.,68701E-03
7.28304E~-03
5.14305E8-03
3.20640E-03%

3.20640E-03
2.,00547E-03
1+23682E~03

1.27958E-02
Fe99L49E-03
7.52038£-03
5¢3123BE-03
3.29987E-03

3.29987£-03

2.091318-03

1.29915E-03
7eB85535E-04
G, 44379E-D4%

1.32726E-02
1.63747E~02
7.815135-03
5.520915-03
3,423 7E~03

1.359135-02
1.06393E-02
BaN2686E-03
F45876VE-D3
3.56015E-53

1.42355E-02
1.11921€-02
Bo64503E-03
5497040E-03

31,.68T40E-C3

1,47068E-02
1,153728-02
8, 72097€-03
44 1BT749E-D3
3.87694E-03

3.4231TE-03
2.189908-03
1.36929E-03
8.309028-04
4, 70347E-04

3.506015E-03
2e2307T2E-03
1e43019E-03
Be69TT4E-04
%a92869E-04

3.68740E-03
2.38347¢-03

1.50437E-03

9 18732E-04
«217TOE~-04

3.87694E-02
2.48031E~03
1.36133E-03
9.53393E-04

5.415643E-D4

T.45491E-04
4e211898-04
1.69588%-3%
0.

1+99605€E~-04
O

2.11685E-04
0.

2+21847E-04
0.

2.35064E-06
Ge

2, 44059504
0

0s1



_BROUP FLUXES

T17 5.71107E-01
18 5.70634E~01

5.61690E-01

5,61228E~01

5,48580E-01

1% 5,.70171E~01
20 5.69719E-01

T21 5.692T8E-01

22

5.69276E~01

23 5,68BI5E-01

24 5,68343E-01

T 25 5.678B62E-D1
_26 5.,67372E~01

5,6078YTE-GL
5,60367E-01

6,599 TE-01

5.59967€-01

B.59561E~01
5.591 53€-01

5.58744E=01

5e583336~¢1

2T 5.67372E~C1
28 5.66680E~01
29 §,65986FE-01
30 5.,65293E~01
31 5,64500E~01

5583336501
5,57T63E-01
5,571 9BE~D1
8. 56640E~01

5.56090E-01

32 5,6460LE-01

733 5.63914E-01
34 5,83242E-01

35 5,82588E-01
36 5.61951€-01

5.56090E~01

"5.55551E~01

5.55026E~01

T8.545176~01

35 54026E-01

37 5.61951E~0Y

38 5.60756E-01
39 5.596386-01

41

40‘5 58780E-01

+5B000E-0)

5.54026F-01

5.53102E~01
5.522705-01
5.515376-01

5.309096-01

5.25072E~01 4.

-95226E-01

Ras NOs _GROURS 28~ 33 ___ I e
U 4.65340E~01  4.868436-01 4,86414E-01 4,78029E-01 4.60749E-01 1,43161F 01
2 4,64855E-01  4,873585-01 4,B5925E-31 &,78508£-01 4,61184E-01 1.43051E 01
3 4.664246-01 4.88955E~01 4.BB466E-01 4.T9944E-01 &.62486E~GL 1.42717€ 01
4 4,69123E~01 %.91639E~01 4.,91054E-01 4.B2341E~01 4, 64546E-01 1,42138E 01
$ 4,73091E~01  %.954TRE=01 ~ 4,947136-01 4,85696E-D1  4.6764TE-01  1,41285F 01
& 4,7T8544E-01  5.00547E-01 4,99470E=01 6.8999TE~01 4.71451E-01 1,40114FE Q1
T 4.85795E-01 5.069296~01 5.05337E-01 4,95207€-01 &,75992E-01  1,38564E 01
8 4,95265E=01 5,146B2E-01 5.12289E-D1 5,01242€-01 %,811506~01 1.38580F 01
9 5,07467E~01 5.23T79E-01 5.20209€-01 5.079356-01 4.867656-01  1,34008f 01
10 5.22914E~01  5.33974E=-01 5,288025-01 5414978601  4,92508E-01 1.30792E 0}
1175,418576-01  5,445606~01  5.37447E<01 5.21829E~01 4.97919E-01 1.26778E 0%

12 5.41B57E-01 5.44560E-01 5,37447E-01 5.21829€-01  %,97919€~01 1.26778E 01 _
13 5.58119E-01 5,544 12E-01 "5.45340E-01 5.27730E-01  5.022406-01 1.18880E 01
14 5,67963E-01 5,60734E-01  5.50102E-01 5,30608E-01 5,03626E-01 1.06017E 01
15 5,721056-01 5,631636-01 5,51253E~01 6.2987LE-G1 5.01465€-01 e.atseos 00

16 S.TLI07E-01 5.61690E-Gl 5,48580E~D1 5.25072~D1 4,95226E-01 56,52016€ 00

"6.52016E 00

5,47918E-01 s.g593os-oz 4,93952E-01 6,27928E 00
S 4T2TBE-OL §,23G10E~01 4.92701E-01 6£.06311€ 00
3146659E-01 3.23010E-01 4:914696-01 5.81118E 00
5.4605TE-01 5321026E-01  %,90253E-01 5.58309E 00
5,46057E-01 5,21026E~01 4,90253£~01 5,58309€ 00
§.3454456~01 6, 20010E-01 §,889B1E-01 5.31147E 00
5,44844E-01 5,19022E-01 4,87751E~01  5.05782f 00 _
5.44253E-01 5.18060E-0L 4. 86559E-01 4.82064E 00
5.43670E-01 5.17121E-01  4.85403E-01 4.59856€ 00
5 RIRTOESOT I TUZEE=01 4. §5403E-01  #.59856€ 00
5.42876E-01 5,15843E-01 4,838456=01 4.313B4E 00
5,42106E-01 5,145316-01 %, 973526-01 4.05506E 00
5,41357E-01 5,13460E-01 4.80947E~01 3,B1920F 00
5.40631E-01 5,123316<01 4.79591E-01 3.60352€ 00
5,40631E-01 5,12331€-01 4,79591€-01 3.60352€ 00 _
5.399256~01  5,11238E-01 &,78286E-G1 3.40694E 0D
5,39246E~01 S5,10197€-01 &, 77050€-01 3.22968E 00
5.38594E~01 5,092038-01 4.75875E-01 3.06981E 00
5,3794BE~0)  5.08251E6-01 4, 74757E-01  2.92415€ 00
TE,37968E-01  5,08251 01 4. V4TETE-01 2.,92815F 00
5.36801E~01 5,06493E-CL &, T2TD4E-G1 2.56T833F 00
5.35763E~01 5,04961E<01 §,70927E-01 2.48363EF 60
5,34850E~01 5,036256~01 &,69390£-01 2,32922F 00
5.340556-01 "5.02460E-01 §,68063E-01 2.20666F 00

1St



42 5.58000E-01
4% 5.57379€-01
4% 5,569418-01

45 S45667TTE-GL
4% 5,56575E-01

47 5,56575E-01
48 5,55620E-01
49 5,56796E-01
50 5,57079€=-01

51 5.57443£-01

5.57443E-01

52

53 5,57635€~31

S4 5.57837E-01
55 5.58030£-01
586 5,58216E-01

5+50909E~Q1
5.50387E~01
5.43970E-02
5.49655E-01
5.49431E~01

5,49431E-01

 5.49284E-01

§.491G7E-01
5.49147€-01
5,49107£-01

5+491C7E-CL
5.49078E-C1
5.49040E-01
5.48988¢E-01
5.48517E-0L

57 5.68216E-01
58 5,584132-0%
59 5.58570E-~11
60 5.53676E-01
61 5.58721E-01

5.48917E-01
5.58799E-01
5,48637E-01
5.48421E-0}
5,481 415-01

62 5.58721E-01
63 5,58559E-01
64 5,58044E-01
65 S.5T170E-01
66 5,55933E-01

%7 5.563316-81
68 5.523675-03
$9 5,50045E=01
10 5.4737NE-01
71 5.443515-0%
T2 5.41C00E=-0%
73 5.373285-01
T4 5.33354E6-01

76 5.33354E~01
76 5.312476-01

5.481615-01
5.47644E~01
5.46878E-01
5.45834E-01
5.44510E~01

5.34055€-01 5.02460E-01
5.33381F~01 5.,01480E-01

5.32839E~01 5.00723E-01

5.324192~01 5.00171E-51
5.3211025-0% 4.99808E=-01

5.32110E-01 4.99806E-Cl1
5431900E-01 4.99619E-01

5,317756-01 %.99604E-01

5,317198=01 4.99752E=08

5.31715E-01 5.00056E-01

5.31724E-91  5.00260E-01
5.31724E-01 5.00489E-01
5.317452-93 S,00746E~0L
5.31752E-01 5.01030E-01

5.,317526-01 5.01030E-01

5.317505-01 §.01293F=01
5.317295-G1 5.01779E-01
5.316858-01 S5.0G2185E=-01
5.31614E-01 5.02518E-01

5¢21T15E~01 5,00056£-01

4.680463E-01
4.55988E=01
4466107E-01

2.20668E 00
2.11621F 40
2.03182¢ 069

4. 65500E-01
4,651 15601

4,651156=-01
4,564945E-01

2.01550E 00
2,00271E Q0

2.00271E 00
2.01292¢ 00

5.5498645-01
4,6522TE-01

55574E-01

4.65674E-03

4.55966E-01
4. 66298E-01

%o 566TOE~G]

4.567084E-01

2.04568%E Q0

2410581E 00

2.19244€ 00

2.19244£ 90

2.247038 00
2430910 00

2.37939E 00
2.45872€ 00

5.31614E-01 5 02618E-C1
5¢21357e~C1 .02888E=01
5e30785E~01 5 D27T3IBE~GL

$,29897E~01 5.02180E~01

5.285696F~01 5.01222£-01

5.42504E-01
5.410176-81
5.388536~01
5.36418E-01
5.33723E-01
5,3077SE~0Y

5,27600E~01
5.24205E-01

5.24205E-01
3.224485-03

77 5.29123E-01
78 5.26990E-01
T9 §.24845E-01

80 5.24845E-01
81 5.,21745£-01
82 5.18662E~01
B% 5.15602E~01
84 5,312572E-01

85 5.12572E-0%

86 5.095%3E~01
87 5.06600E-01

5.20671E-01
5.18876E~01
5.17066£-01

5.17C66E~01

S 145 4TE-01
s 11825E-01
5.09209E-01
5.065058-01

5.06605E-0%

5.04005E-01
S.01444E-01

4.67066E-01 2.45872F 00
5.87622E-01 2.56580F 00
4,568202E-01 2.68679E 00
4.58828E-01 2.82370F Q0
4.59507E-01 2.97879E 00
4.69507E-01 2.97879E 00
4.70027E-01 3,154158 00
4.T0096E-01 3.29036€ 00
4.59728BE~01 3.38836F 00

4+58933E~01

34459028 0D

5,2T185E-01 4.99875€-01
5,25370E-01 4.98146E-01
5,232664E-01 4,96041E8~0%

5,208445-01 4.93566E-01 ¢

5.1816TE=01  4.907258~0}
5.15171E-01  4.87523€-01

4.5TT23E-D3
 4.55106E~01
4.530GGE-01
4.61679E-01
4.58879E-01

4.55693E-01

3.47315¢ 00
3.451478 00
3.614658 00
3.3333GE 00
3,21798E 00
3.06917E 00

T5.I1925E-01  4.83963E-C1
5.08421E-01  6,30046E-01

5.08421E-01 4.BOCA5E-01
5.036562E-01 4.77869E-0G1

5,04895E-01 4.TS63TE-CL
5 ©2823E-01 4,735276-01
L00945E-01 &.T1377E-01

2 009455-01 4471377E-01

#.52123E-01
4 4B1T0E=-01

%,48170E-01
4.45924€=01

24887318 00
2.672808 00

2.57280E 00
2.56436E 90

4.43699€-01
4,41491E-01
%.392995=01

4439299E-01

2.462128 C0
2.36546E 0D
2.2733%E 42

2,27383E€ 0C

4 98234E-01 4.68282E-01
4495543E-01 4.6%25Q0E~01

4.92876E-01 4,522795-01
4.90234E-01 4.39364E-01

4,906234E-01  4.59364E-01
4.8T600E~01  4.56464E-01
4485024E=08 4.53867E-01

%,361458-01
4.33069E-01

4.30067E-01
_4.27133E-04

2.15178% 0OC
2,04D76E 0O
1.93925€ 00

1.84589E 0O

4.27133E-01
4.26219E-01
6.21423E-01

1.64589E 09
1. T61GLE 00

1,68605E 00

¢St



5,03718£-01 2 98929E~0)

5.00%10E-01 96404&*01

®|m
o

90 5,00910E~01 4, 96464E-01
91 4.955156-01 4.31688E-0L
92 4,30540E-01 ﬁ 8T269E~01

93 4,85991E~01 4,83048E~01
G4 4,81868E~01 4,79214E~01

95 4, 8186BE-01 4,79214E~01
96 4,78158E-01 4.75710E-01
97 4,74B12E~01 4,725126~01
98 4,71810E-01 &,696128~01

99 4,69125E~01  4.66994E~01

100 4:691256~01 4 ,66994E-01
101 4.66695E6~01  &.6%6306-01
102 5,643728~01  4.62434E-0)

103 4.,62116E<01 4.60384E-01
104 4,55881E~01 4,58459E-01

105 4.59881E~01 %.58459E-01
106 4.58754E=01 4.57537E~C1

107 %, 57581601 " 4.56621 =61
108 4.563556-01 4 L 55709E=01

109 4,55066E-01 &,5479R8E-01

110 4.55066E-01 4.,5479BE-0L

111 4.53712E~01 4.53889E-01 ’&'?ﬁe;aé 01 T4,1795%E-01

112 4.52260E-01 4.529656E-01
113 4.506%9E=01 4,520308-01
114 4.49019E-01 4,51078E-01

115 4, 400196201 4,510786-61
116 4,47218E-01 4.50111E-01
L17 4.45259E-01 4.491198=01
118 £.431296-01 4,48101E~01
119 4.4081{3E~01 4.47059E=01

120 4,40813E-01  4.470598-01
121 4.373316-01 4,456718-01
122 %.34265E=01 1
123 4.315096-01 1
124 4,290856-01 4,414356-01
125 4, 269816501 4, 4001CE=01
126 4,25055E-01 4.3B582E-G1
127 4.234509E-01 4.37149E-01
128 4.219906-01 4,35712E-01
129 4.20791£-01 4.34268E-01
130 4,198106=01 4,32816E-01
13174, 190496501 4, 313516501
132 4.18515€-01 4,29869E-51
133 4,182198-01 4.283648-01

4,39821E-01

4,39137E-01
4,38433E~01
4,37T11E-0)
4,36 973801

4.36373€-01
4,35986E-01
%,364361E-G1
% .33904E-01
4.32823E-01

TR T2%E-01

4, 30606E~01
4,294 78E-0}
%,28342€-01
%4,27200E-01
4,260B4E-01

4. 258907E-0F

4,237608-01
4, 22612E<01

4 ATAY3ESOL

4.17331€-01
4.17150E-01
4. 16956E-01

4, 16756E~01

4.15756€-01
4. 16446E-01
%.16043E~01
4,15558E-01
4.15001E-01

4,82508E~01  4,50987E-0L J,F&QE*GLM_13Q1983E 00
4,80053E-01 4.4B8363E-01 +16165E~01 1,56131€ 00
4.80053E-01  4.48353FE~01 4,16165E-01 1,56131E 00
"4 .75328E-01 4.43426E-01 &,11324E-01 1.48897F 00
4.TQ960E~01 4,39018E~01 4&,07T077E~01 1,40690G€ 00
T 4,65958E-01 4,35122E-01 4,03400E-01 1.37100E 00
4.563322E-01  4,31726€-01 4, 0021§E»01 1.35898E 00
4.,63322E-01  4,31726E-01 4,00276E-01 1,35898E 00
4,60051E-01 4.28811E-01 3,97582E-01 1,3479%E 00
5,57T110E=-01 4.263236-01 3,95557€~01 1.39663F 00
%, 54698E-01 4,24264E~01 3,93907E-01 1.44701E Q0
4, 52007E=-01 4,22643E-01 3.92744E-01 1,52260F 00
4,52207E~01 $.22643E=01 3.32744E~01 1,52240€ 00
4,50202E-01 4 21379E-D1 3.,91963E~-01 1.,61893€ 00
4,4B358E-01 4.,20317E-01  3.91412E-01 1.73335€ 00
4,46 TO2E-01  4,19476E~01 3,911I156-01 1.87223F 00
_%.45202E~01 4.18887E-01 3.91108€-01 2.04321F 00
4,45202E~01 4,18387FE=01 3.91108E-01 2.04321F Q00
4,44509E-01  4,1B6T2E~01 3,91191€-01 g,141oss ag
%,43826E-01 &.1B469F-01 3,91292E-01 2.24534E 00
%4.43153€-0Y  4,182B5E=-01 3.91418E-01 2.35726E 00
4,47489E~01 4,181228-01 3,91574E-01 2.47808E 00
4,42489E-01 4.181226-01 3. 91574E~0) 2.47808€ G0

3,91740E-01 2.60586E 00
4,411 TOE-0Y  4,17810€~0G1 3.91904E-0} 2.74000FE 00
4,40499E-01 4,17650E-01 3.92072€-0%1 Z.88173E 00
4,39821E-01  4,17493E-01 3,922526-01 3.03238E 00

3.93252e-61
_3.92425E-01
3,92584€-01
3 92734€-01

.92884E-01

3,92884E-01

3,03236E 00
3.19065€ 00
3,35848E Q0
3.53109€ 00

3, 71595E 00

3.71595€ Q0

3.930218-01
3.93059€~-01
T.93013E~G1
3.,92835E-01

3,96115F 00
4.19349E 00

%4.41399€ 00
4,52376E 00

4, 14384E-01
3.13715€-01

4,13002E~-01

4,12251E-01

4. 11470E-01

4, 10B6KE-0L
%, 09838 E-G{
4, 08997E-01
4, QBT A4E-DY

3, 937T19E-01
3,92433E-01

 3,91938E~01
$.91629E-01
3.91310E-01

AU92I30E-01

4. 82356E 00
5,01524€ 00
5.,19886€ GO
5.37560E 00

5.5686328 40
5.71184E 00

3.909323E-01
3-905683E-01

5.B8F297TE 60
6,03045F 0D

3.90393F-01 6.18505F 60

€51



134 4,183752-01
135 4.3156056-01

136 4,18405E~-01
137 4.16956E-01
138 4.10567E-01
139 4.00819E-01%
140 3,.88745E-01

141 3, 75050E-01

142 3,60233E-01
143 3,4466T7£-0%
146 3,28637£-01
145 3.12386%E-01
146 2,96035E-01
16T 2.7978TE~OL
148 2.837436-01
149 2.467991E-01
180 2.32615£-0%
151 2.175708-01

162 2.17670E-0)
153 1.935306-C1
154 1.71240E-01
155 1.50813£-0%
156 1.32224E-C1
157 1.154176-01
198 1.003311E-01
159 8.68092E-02
160 7.430298-02
161 6.41771E=02
162 5,45132E-02

163 5.65926E-02
164 3.939T9E-02
165 3.31163E-02
166 2.76391E-02
167 2.286356-02
168 1,86933E-02
169 1.59390E-02
1790 1.18382E-92
171 8.95584E~011
172 6.38573E-03
173 4.05170E-03

{74 4.,051705-03
175 2.57T079E-03
176 1.61377E-03
177 9.84872E-04
178 5,59569E-04
179 Z2.521738-04
180 0.

44.26828E~]1
4.25253E-01

4.25253F-01
4,14858E-01
4, 04433E-01
3.93202€-01
3.80934E-01
3.57562E-01
3.535376-01%
2.38T485-C1
3423492E-01
2., 07959E=-01
2.92284E~01
2. 76635E6-01
2.61320E-01
2.45839E-01
2.30871F-01

.162815-01

24162BYE-C1
1.92655E~

1.70803E~-01
1+50719E-01

1,32396E-0)

1,15788E-01
1,008 24E-013
8,741756E-02
T.54575E-02
6.4 8565E-02
~5.55023E-02
T 4,726195-02
4 ,00329E-02
3.3T062E-02
2.85T66E-02
2.33443E~02
1,911 56E-02

1.540308-02
1.212805-02
9,2110635-03
5,59165E-03
4.,20T64E-03

4.,20T64E-03
2.66535E-03
1.67194E-07
1.02041E-03
5.79904E-06
2.51381E-04%
e

4.2:4665-01
44203205~C3%

4.20320E-01
4,11342E-01
4.01221E-01
3.90058E-01
3,77928E-01

T3,64926E-01

3.51180E-03
3.36834E-01
3,22047E-01

3,06965E~01
2.91732E-01
2.754TTE-D1
2.61316E-01
244634701
2.314658E-01

+17322E-01

2.17322E-01
1.94021E-01
1.72361E-01
1.523956-01
1e34128E-01
1.17526E-01
1.025318-01
6.90633E-02
7.?03025-02

«D3302E-02
5 58564E-02

4,849995-02

4.1151BE-02
3.4T0OS8E~02
2.920585E-02
2.41123E-D2
1,97743E-02
L «9957TE-02
1.25816E-02
9,571041E-03
6.85285E-03
4.%58472=03

4,35847E-03
2¢76T15E-03
1.73727E-03

1 06T93E-03
5 02206204
2.71955¢ <

0.

4,0641TE-01
3.99006E-51
3.,90023E-01
3.79735E-0%
3.68350€-01

3.56048E-01

3.42991€-01
3429337E~01
3,15235¢-01
3.00827£-01
2.86248€-01
2.716176-01

2.57946E=-G1
2.42633€~-01
2.,2B463E-01
2014513501

2.14511E-01
1,920076-51
1.70920E-01
1.51419E-01
1,335256-01
1.17218E-01
1.02451E-03
8.91663E~92
T.72495E-02
6.66371E=02
5,72192E-02

4.8892TE-G2

4.15561 E=02
3,51016E-02
2.94359E-02
2.44621E-02
2.00899E~02

1,62341E-02
1,28143E=02
9.75436E-03
5.98090E-0%
4,421008-02

4.42100E-03
2.82825E-03
1.7BIT9E-03
1.09008€-03
64204CEE-04

3.89904E-01
3.586483E-031
3.80232€-01
3.716859E-01
3.61866E-01
3.50623E-01
3.38417E-01
3.25479E-01
3,12005E-01
Z2.98153E-01
2.86101E-01 7
2469952E-01
2.55834€£-01
2.41855E-91
2.23L1TE-G1
L E4T13E-01

2.14713E-01
1.92710E-03
1.71990E-01
1.52712E-02

1.34944E-01

6.33747E 00
6.43844E% 00

6.48344F 0O
6,77233E 30
7.00273E 00
7.18263E 00
7,31507E 0D
7.40313E 00
¥.44984E 00
7.45820 00
7.43114E 00
7.37148% 00
7.28195€ 00
7.16517€ 00
7.023658 00
5.85975F 00
5.8 75728 90
$.57365E 3D

6.4T366E 00
6.14T19E 09
$.81610F 00
§.48440E 00
5.15551E 00

1.18697801 %.83228€ 00
1.03940E-01 4.51708E 0O
9.0%189E-02 4.21181E 0D
T 86586E-02 3.,91794E 00
€.79729E-02 3.63658E 00
gwgigzﬁgfoz _3.3&854E 00

COG442E-02 "B 1L432¢ 00
4 26031E-02 2.B7420E 00
3.60652E-02 2.64828E 00
3,02T36E=02 2.43647E 00
"2.31968E-02 2.23B58F 00
2,07190E~62 2.05432F 00
1.676105-02 1.86332¢ 09
1,32388E-02 1.72519% 49

1.0607315-02
7418504503

4 497726-03

4.49222E~03

2.84950E-C3
1. 78997E-03

1.09427€-03
5.22THBE-0 ¢4

1.57949E 00
1.44582E 00
1.32378E 0G

1.32376€ 00
S.183738-01
$e247938-01
4.091868E~03
2.45833E-01

2.79856E-04
0.

2.80945£-04
Qe

1.14852€-01
0.

PSIT



ROUP FLUXES

Table C.5.

HFIR 33-Group Flu 8,

R NO. GROUPS 1= 9 STGroup Fluxe 1100 mes
1 5.62982E~01 2.10441F 00 1.88010F DO 1.80810F 00 1.27T162FE 00 1.11881FE 00 B8.8824TFE-01 7T.59755F-01 &6.97140F-01
2 5.64021E-01 2,10901E 00 1,88468E DO  1,81209E 73 1.27437E 00 1,12108BE 00 8.30023E-01 7.61221E-01 6, 98391E~0L
3 5,6T7145E~-01 2,12285F 00 1,89846F 00 1.B2407F 00 1.28265F 00 1.12790F 00 B8.95354E-01 7T.65619E-01 7.021406-01
4 5,72370E-01 2,14502E 00 1,92155€ 00 1.84411E 00 1.29651E 00 1.13928E 00 9,04253E-01 7.72951€-01 T.08369E-01
5 5,79725E=01  Z.17BE7E 00 1.95415F 00 1.87233FE 00 1.31600F 00 1.15526F 00 9.16743E-01 7.83219E-01 71.17049E-01
6 5.8B9252E-01 2.22103€ 00 1.99655E 00 1.9088BE 00 1.36125E 00 1.17587E 00 9.32B52E-01 T.96423E-0L 7.28131E=01
T 6.01002E-01 2,2T338E G0 2.064911F 00 1.95397€ 00 1.37238FE 00 1.2D116F 00 9.52613€~0} B.12555E-01 7.41541E-D1
B 6,15042FE=-01 2,33607E Q0 2,11228E 00 2,0078%F D3 1.40955E 00 1.23117E Q0 9.76D64E~0) B.31601E-01 7.S5T174E-01L
9 6.31450E=01 2,40954E Q0 2.,18862E 00 2.07081FE 00 1.45297FE Q0 1.26595FE 00 1.00324F 30 8.53528F-01 7.T74876E-01
10 6.50316E~01 2.49429FE 00 2,27279F 00 2,14318E D0 1.50284E 00 1.30596E 00 1.03618E 00 B8.7827%E-01 7.94433E-01
11 6,71747E-01 2.59088E 00 2.3TISSE Q00 2,22534E 00 1.55941FE G0 1,35000€ 00 1.06B891F 00 9.05764€~01 B.15545E-01
12 6, 7T1747€~-01 2,59088F 00 2.,37155€ 00 2.22%34FE 00  1.55941E 00 1.,35000€ 00 1.068B91E 00 9.,05764E-01 8,15545€-01
13 6.,91302E-01 '2.6831LE 00  2.47450€ 00  2.30721E 00 1.61635F 00 1.39358f 00 1.09633F 00 9,27453E~01 8,392006-01
14 7.13119E-01 2.79040F€ 00 2.5979%E 00 2.40525€ 00 1.68469F 00 1.44499F 00 1.12773€ 00 9.52349E«01 8,656594E-01
15 T437253E~01 2.91312E Q0 2.7427H6E 00 Z.519%%9E Q0 1.76454F 00 1.50393F 00 {.16243F DO 9.79870E~-01 8,97879E=01
18 7.6377TE-D1  3,05178F GO 2,91823E D0 2,85057€ 00 1.85617E DO 1,S57004E 00 1.19957E G0 1.00934F 00 92,333008-01
17 7.637T7E-0Y 3.0S178F 00 2.91023FE GO 2.6505TE G0 1.85617E O0 1.57006E 00 1,.19957€ 00 1.00934€ 00 9.333008-D1
18 7.75062E-01 3.10852E } 2.9587LE 00 2.70080F 00 1.B89057F 00 1.59521€ 00 1.27208%9F 00 1.02605€ 00 9.41485€=01
19 7.865726-01 3,186515€ 3,02680€ 00 2.74994F 00 1.92419F 00 1.61987E 00 1.24169F 00 1.,04222F 00 9.49406E-D1)
20 7.98316E~01 3,7Z2175E 00 3.08369¢ 00 2,.T9B04E G0 1,95707E 00 1.54347¢ 00 1,26201E OO0 1.057TR6E 00 9,57053€=01
21 B.,10305E~-01  3,2783I8BE GO0 3.14035E QO Z+v84S517E 00 1.989258 00 1.664684F 00 1.28189F 00  1.073D0F OO0  9.646¢17E-01
22 8.103056~01 3,27838E OC 3.14035€ 00 2,84517F 00  1.98925E 00 1.66664E 00 1.28189E 00 1.07300E 00  9.564417E-01
23 8.16892E-01 3,30981F 00 3,17414F 00 2,87178FE 00 2,.00761€ 00 1.6796TFE 00 1.29123€ 50 1,.08011F 0O 9,569841F-01
24 8.2324BE~01  3,34016E 00 3,20678E 00 2.,89753F 0D Z2.0253BE Q00 1.69234F 00 1,30033E 00 1.08704E 00 3, 75155E-01
25 8,293886~01 3.3589%58E 00 3,.23835¢ (OO0 2,322538 00 2,04251F 00 1.70485F 00 $.30918F 00 1.09381Ff 60 32.80359F-01
256 B,35330E~-01  3.39802E 00 3,26892E DO 2,94672E 00 2,05933E 00 1.,71664F 00 1,31781€ 00 1.,10042E Q00 9,85452E-01
27T B.35330E=-01 - 3,39802F (00 3,26B93F 00 2.9%672F Q0 2:05933F 00 171664 00  1:31781€ D0  1.10042E 00 9:.85452€6-01)
28 B,43212E-01 3,43588E 00 3,30957€ 00 2.97902E 00 2.08163F 00 1,73269F 00 1,32939F 00 1,10931€ 00 9,92340E-01
29 8.50836E=01 13,47T164E DO 3,38795E 00 3.00955€ 00 2.10278FE 00 1.768G1FE 00 1,34046€ D0 1.11785F 00 9. 98987€~01
30 8.576476-01 3.50552€ 00 3.38432€ 00 3.03876F 00 2.12290¢ 00 1.76263F 00 1.35106E 0O 1.12604€ 00 1.00535€ 00
31 8.64288E~01 3.53771E 00 3.41888FE 00 3.06651F 00 2.14207E 00 1.77662F 0G 1.36120E 00 1.13389E D0 1.01156E 00
32 B.64288E-01  3.53TTLE 00 3.4188BE 00 3.06851E 00 2.14207FE 00 1.77662€ 00 1.36120F 00 1.13389E 00 1.01156F 00
33 B,T0520E~01 3,.56807E OO 3.45146F 00 3.0G278E 00 2.160623F O0 1.78992FE 00 1,.37087E 80 1.14141Ff 00 1.DLT4SE 00
34 8,76297€-01 3,59635E 00 3,48184E 00 3,11736E 00  2.17725E 00 1.80248F 00 1,38003F 00 1.14855€ 00 1.02316E 00
35 B,B8I660E-01 3.62277€ 00  3,51022F 00 3.14086FE 00  2.193238 00 1.81433F 00 1.38869F B0 1.15533F 0D 1.02857F DO
36 8,86651E-01 3,647S0FE O0 3.53682F 00 3,15218F 00 2.20828E 00 1,82553E 00 1.39689E D0 1.16177€ 00 1.D03372E 00
37 8.85651E=-01 3,84750E 00 3.53682E 00 3.16218FE 00 2.20828E Q0 1.825%3F 00 1.39689F G0 1,1817TE OC 1.03372E 0O
.38 8,95287E-01 3,59094E 00 3.58356F 00 3.200B0F 00 2.,23505€ 00 1.B4572F 00 1.4117SE 00 1.IT7353E 00 1.04324E OO
39 9,02194E~01 3.72661E 00 3,62207E D0 3.,23317E 00 2.25754F Q0 1,86300F 00 1,42458E 00 1.18380F 00 1.05167E QO
40 9,07642E~01 3,T75875€ 00 3,.63370FE 00 3.26023F 00 2.27638F 00 1.87772FE 00 1.43558E 00 1.19269E Q0 11.05907€ 0¢
41 $.11854E=01 3,77937E 60  3I.6T95TE 00 3,28273E 00 2.292C8E OU 1.89014F 00 1.44492E 00 1.20029E 00 1.06545E 00

sS1



85
86
87

%2 9,118546E8-01 3.T7793TE 00 3.679STE 00 3.,28273F 00 2.29208E 00 1.89014F 00 1.44492E D0 1.20029% 00 1.06545E 00
43 G.14T$LE-01 3.T971LE 00 3.69927E 00 3.30042F 00 2.306448EF G0 1.90021E OU 1.45255E 00 1.20661F 00 1.07088E GO
44 9.1619TE-01  3,80849% 00 3.71232E 00 3,31298E 00 2.31335E 0O 1.907798 00  1.,45843% 00 1.21160F 00 1,07%526E 00
4% 9.163506-0T "5, 8T415E 00 3.719402 00 3.32088E 00 2.31902E GD 1.91309%F 00 1.48284E 90 1.21534F 09 1.07870F GO
46 9.15328E-01 3.81654F 00 3.72100€ 0C 2.,32448F 00 2.32176F 00 1.916265 00 1.465358 D0 1,21791F 0 1.08122F O
47 9,15328E-01 2,81454F 00 3.72100F 00 3,32448E 00 2.32174F 00 1.91626F 00 1.46535E 00 1.21791€ 00 1.08122E 00
48 9,13134E-01 3,B80982E 0D 3.71731E 00 3.32394E 43 2,32160F 00 1.,91739F OO 1.48656F 00 1,21938E 0O 1,082878 00
49 9,097B3E-01 3.B0002E 00 3 TOB35E 00 3.31931F 00 2.31866% 00 1.91651% 00 1.46634FE 00 1.21973F 00 1.0B349E 00
S0 9,05274E-01 3,78514F 00 3,694128 00 3.31062F 00 2.31292f 00 1.91367E 00 1.46472F 00 1.21907E 00 1.083708 00
51 B.99575E-01 3.76506E 00 3.674475 00 3.2978IE 00 2.30436E 00 [.90890F 00 1.46173F 00 1.2174¢0€ 00 1.08296E 00
52 B,99575E-01 3.75506E 00 3.6T44TE 00 3,297BLE OO0 2.30536E 00 1.90890% 00 1.46373E 00 1.21740E G0  1.08296E 00
53 3,96290E=01 3,753{1E OC 3.66257E 00 3.28991F 00 2.20905F 00 1.905B82F B0 L1.45976E U0 1.21622F 00  1.G68233E 00
54 8,92T46E=-G1  3.730035 00 3.84989E 00 3,283112F 80 2.293314E GO0 1.90232€ 00 1.45748E 00 1.21483F 00 1.G68L54E 60
S5 8,B8924E-01 3,72576F 00 3.63547E 00 3,27140F 00 2.28656F 00 1.69B40F 00 1.4%5491E 00 1.21323F 00 1.08059% 00
56 8,348176-01 3,TLO023FE 08 3,5619945 00 3,2607LE 00 2,27937FE 30 1.89405€ 08 1.4520%E 00 1.21142F 08 1.07949E 00
57 8.84817E-01 3.71023E 00 3.61994E 00 3.26071E€ 00 2.27937% 00 1.89405E 00 1.45204E 00 1.2i142E 00 1.07949E 00
S8 8.79556E~01 3.69016F 00 3.59981F H0 3,2467TE 00  2,269945 00 1.38832F 90 1,448255 00 1.209015 00 1.07798E 40
59 8,73952E-01 3,668605 00 3,57T814F 00 3.23189F §J 2.25974f 0OC 1.88203E 00 1.%4%11E 00 1.20635E 00 1.07629% 60
50 B.67973IE-01 3.64541F 00 3,55478E DO 3,21538E 00 2.24870F 00 1.87531F 00 1.43961E 00 1, zoa4ac 00  1,0T443F 0O
6% 8.61585E-01 3.62044% 00 3,52056E 0C 3.197T74E G0 2.236T6E 00 1.85799E 00 1.43473E 00 1,20033E 00 L.07241E 0O
62 8.61585E-01 3.62044E 00 3,.529565 00 3.19774E 00 2.23674E 00 1.867T29E G0 1.43473FE 00 1,20033F 00 1.07241E 00
63 8.53194E-0% 3.58790E 00 3,49726E 00 3.17467E 00 2,22115E 00 1.85829E 00 1.42793E 00 1.19589€ 00 1.06974E 00
6% B8.4596TE-01 3,56014E 00 3,46993F 0O 3,15475€ 00 2.20771E 00 1.84966F 00 1.42178F 00 1,19172€ 00 1.067068 00
6% 6.39812E~01 3.53704F 00 3.44749F 00 3.13791€ UJ 2.19637& 00 1.84209F 00 1.41630FE 00 1.1B784E U0 1.064398 0G
56 B,34764E-01 3,51849% D0  3.42970E 00 3.,12411F 00 2.1BTI0FE 00 1.83558E 00 3.411&&5 99 1.18426E 00 1.061765 0O
67 B.30TT9E<01 3.504%0F 00 3.41658E 00 3411327 G0 2.57955E D0  1.B83D1LE D0 1.40732F 90 1.18099E D0 1.05916F 0D
68 B.27B34E-01 3.49468F 00 3.4080LE 00 3.10536€ 00 2,17440F 00 1.B82588F 00 1.40381F 00 1.17803E 00 1.G5681E €O
59 8.25909E-01 3.489248 00 3,4039DFE 00 3.1C031F D0 2.,17131F G0 1.82227F 00 L1.40094F 00 1.17537E 00 1.05611F 00
70 8.24986E-0) 3.488C2E OC 3.40419E 00 3,08807E 00 2.16994%E GO 1.8198%E 00 1.3985%E 00 1.17300F 00 1.051658 4O
71 8.25048E-01 3.49096F N0 3,40880F 00 3.09860F G0 2.1704BE 00 1.8%iB38f G0 1.39703E 00 1.1Y090€ G0 1,04922E 00
72 8.26082E-C1  3.49798E 00 3,41769% 30 3,1C185E QU  2,17287E 00 1.BIT7BOE 00 1.395968 00 1,16905E DO  1.04581E 00
T3 B.28075E-01 3.50006F 00 3.43081F 00 3.10776F 00 2.377108 N0 1.B1824E 00 1.39543F 00 1.16741F 00 1.04439E 00
T6 8.310T6E~01 3.52434F 00 3.468128 50 3,11630F 00  2.18314% 00 1.,81949E 00 1.395%41€ 00 1.14596E 00 1.04193F 09
75 8,31016E-01 3.52414FE 00 3.44813F 00 3.11530F 00 2.18314F 00 1.8:949% 00 1.39541F 00 1.16%95E 00 1.04193€ 60
75 B.32381E-01 3,53109E 00 3.455621F 90 3,12025E 00 2.18594E 00 1.82008F 00 1.39542E 00  1.16533FE 00  1.04075€ 00
TT 8.33554E-01 3.53722E 00 3.46343E 00 3.12355F 00  2.18B33E G0 14820638 00 1.39527f 00 1,L16461F §0 1.0395if OO
T8 8.34550E-01 3.54259EF 00 3.459838E 00 3.126388 00 2.190358 00 1.82055E 00  1.39496E 90 1,16378E 0D 1.03820% OC
79 8.35381E~01 3,54726% 00 3.,47557€ DO 3.12865E 60 2.19202E 00 1.82045€ 00 1.29450F 00 1.16286E G0 1.028864EF 00
80 8,353B1E-01 3,54726FE 00 3.475578 00 3.12855% 00 2.19202E 00 1.B2045FE U0  1.39450E GO 1.16286F 00 1.03684F 8
81 B8.36245E- ox‘“ﬁ ,55256E 00 3.48229E 00 3.13086E D3 2.19371E 00 1.519B8E O0 1.39356F G0 1.16i38E 00 1.0U3%78% 00
82 8.36T14E-01 3,55617FE 00 3.487255 00 3.13181E 00 2.i9455£ 00 1.31378E 00 1.39226E 00 1.15962F 00 1.03254F 00
83 B3.358238-01 3.559245 00 3.49063F 00 3.13161F 00 2.19651F G 1,617198 00  1.39063F 00 1.15765% 99 1.030168 00
84 £.36606E-01 3.55863EF 00 3,49257E 00 3.13036F 00 2,19398F 00 1.8L513E 00 1.38867F 00 1.15546E 00 1.02764% 0C

3.36606E-01 3,55893F 00 3,49257E 06 3.13036F 00 2.19398F 00 1.81513F 00 1.3B86TE 0C 1.35546f 00 1,02764F 00

8.36022E-01 3,55806E 00 3.49291E NC 3.12793E 00  2.19295E 00 1.81256E 00 1.38636E 35 1.15303E 00  1.02494€ 00

B.35037E=-01 3.55547F 00 3.493475 00 3.12420% 00 2.19025E 00 1.80942F 00 1.38367E 00 1,15033F 00 1.02207% 09
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88 B8.33683E-0]
89 B8.31983:£-01

3.55130¢8 ¢9
3:.54567E B0

.80 B8,31983E~-01

91 B8.27438E-01
92 8.21426E~0%
93 8.14061E-01

8% 8,054106-0%

95 8.054106-01
96 7.955569E~01
97 7.84578£-01
98 7,723896-01

99 7,58915E-01

106 7.58515E-01
101 7.44375E-01
102 7.28864E-01
10377, 122216~01

104 6,94254E-01

105 6.94254E~01
106 6.84803E~01

107 6.75099E-01
108 6,65113E~01
109_6,54816E=01

«54816E~01

3,54567E 00
3,529%2E 00
3,507128 00
3.47898E 00
3.44540F 00

3,44540E 00
1,40682E 00
3.36341E 00

3.31{496E 00

3.26107E 00

3.261G7E 00
3,20275€ 00
3.14040€ 00

3,07330 00

3.00058E 00

" 3,00058E 00
_2»96226E 00

2.92288E 00
2,88232€ 00

T 2.84043E OO

2.84043F 0C

110

it 6 443 T4E-01
112 6,33508E-01
113 6.,22490£~01
114 6.11189E-01

115 6.111896-01

116 5,99664E~01
117 5.87927€<01
118 5,75949E~01

119 5,63700E~01

120 5.63700E~01
121 5.43476E~01
122 5.24082E£-~-01
123 5.054B858~01
124 4.87654E~01
125 4.70560E-~01
126 4,541 73E-01
127 4,386468E~01
128 4,23417E~01%
129 4.08996E-01
130 3,95182€-~01
131 3,819526-01
132 3.89283€~01
133 3,57156E~01

2. 797538 06

2.753713E 00
2,70886E 60
2,66280E 00

366380 Ob
2.61582E 00
2.56796F 00
z 513116 00

+46911F 00

_2.46911E Q0
T2.387968 0O
2.31018E 00
2.23565E 00
2,164285 00
3.095926 700
2,03047€ 00
1.96784E 00
1,90792€ OO

1.85062E 00
_1.79386E 00

1., 74354E 00
1.69359E 00
1.64593E 00,

3 ABR40E 00
3.48382F 03

3.48382E_ 00
3.46961F 00

_3.44894F 00

3,42238E 00
3.3%025€ 00

3.11927E QO
3,11322€ 00

. 2:218714F 0O

2.18328£ 00

1.80876E 00

1.80180E GO

1.38061F 00 1.18738F 60 1.019028 00

1.37721E 00

1.14418E QO

1.01580F 00

3,39025E 00
3.35299E 50
3 31081 00

3,26348E 00
3.21056F 00

3,21086E 00
3,15303E 00
3,091425 G0

3,02493E 00

2.95261E 00

2.95261E 00

2.81436E 00

2.875028 00

2.834455 00

2,79253E 00

2.79253F 00

T2.T4951E 00
2.70554E 90

2.66048F 00
2.61417E 00

3,131322F 00 2.18328E 00 1.80180F 00 1,37721F 00 1.1%418% 00 1,Gl580€ 00
3.09738€ 33 2.17307E 00 1.7916%E 00 1.35925€ 00 1.13699€ 00 1,0088LE 00
3.97475€ 00 2.15966F 00 1,7794BE 00 1.35982F 00 1.12874E 00 1.00108¢ 00
3,051708 00 2.14330E 06 1.76535E 00 1.34900F 00 1,11943€ 00 9,92636E-01
3,02244E Q8 2.12417F Q0 1,74929€ 00 1.33684E 00 1,10926F 00 9,83485E-01
3.022445E G0 2.12417€ 00 1.74929E 00 1.336B4E 00 1.10926€ 00 9.83485E-0L
2.98929€ 0)  2,10249€ 00 1.73146E 00 1,32342EF 00 1.0981GF 00 9, 73661E-0}
2.,95240F 90  2,07838F 00 1.71191F 00 1.30881E 00 1,08604F 00 9,631786-01
2.91181E 00 z USIZQQ:@;4}_§9OGIE 00 1.29299E 00 1.07309F 00 9,52050£-01
2.86656E 00 2.02245E 00 1.66749E 00 1.27592E 00 1,05924€ 00 9,40293E-01
2.B6666E 00 2,02245E OC 1,66749E 00  1,27592E 00 1.05924E 00 9,40293E-01
2.,81827E 07 1.99097€ 0C 1.54290€ 00 1.25TA7E 00 1.064465E 00 9, 28030E-01
2.76581F 00 1,95780€ 00 1.61896E 00  1.23889E 00  1,02937E,00 9.15263E-01
2. TILTTE 00 1.92202€ 00 1.58954E 00 1.21894€ 00 1.01339F 00 9.02014E-01
2.65254E D0 1,B8384F 00 1.5604TE 00 1.18794E 00 9.9687TE-01 8, 88313£~01
2.65254E G0 1.8B384F 00 1.56047E 00 1,19794F 00 9.966776-01 8.88313E-01
2.62146F 00 1,88385F 00 1.54539E 00 1,18712F 00 9,88106E~01 8,813476-01
2.58961F 00 1.84340E 00 1.53002E 00 1.17611E 00 9, T9409E-01 8, T4304E~01
2.55690€ 00  1.82246F 00 1,51438E 00  1,16492¢ 00 9.T0585E-01 8.6T187E-01
2.52323F 00 1.80094E 00 1,49832€ 00 1,15352F 00 9.61531E-01 8.60002E-01
2.52323€ 00 1.80094E 00 1.49832€ 06 1.15352F 00 9.61631E-01 B8.4D002E-0}
2,48882E 03 1.7790DF 0G 1.%B2D6E 00 1.14201E 00 9,52598E-01 B.527B8E=0t
2.45376E Q0 1.75672E 00 1,46559E 00 1.13037E 00  9.43490E-01 8.45541E~01

2.41796E 00
2.38132E 00

1.736402€ 00
1.71086E 00

1.44888E 00
1.43192E 00

1.11862FE 00

1.106T4E 00

8.34305€-01

3.25055E-01

8.3826TE~0Q1L

_8,30972€-01

2,61417€ 50 2.38132€ 00 T1.71086F 00 1.43192€ 00 1.10874E 00 9.25055E-01 8.30972E-01
2,55687F 00  2.34405€ 00 1.68737E 00 1.,41480F 0C 1,09430€ 00  9,15775E-01 8.23696£-01
2,51866E 00 2,30618E 00 1.66359E 00 1.39753F Q0 1.08282F 00 9.06474E-0L 8.16435€-01
| 2.46940E 00 2,26764E 00 1,63947€ 00 1.38010F 00 1.07077E 00 8,97154E-01 B.09197E-01
2.41894E 00 2,22834F 00 1.61498€ 00 1.36249E 00 1,0586TE 00 B8.87B18E-01 8.01991€-01
2.41894E 00 2,22834E 00 1.51496F 00 1,36249E 00 1,05867€ 00 8.87818E-01 8,01991E-01
"2,33995E 00 2,16553F 00 1.57632E 00 1.33455E 00 1.03R0L1E 00 8,71845E-01 7.91742E-01
2.26427€ 00 2.10495F 00 1,53945€ 00 1,30741€ 00 1,.01819€ 00 8,56319E~01 7.81727£-01
2.19176E 00 2.04654E 00 "1.504358 00 1.28171F G0 9.99231E-01 6,412676-01 7. 71999E-0L
2.122336 00 1.99027E 00 1.47100F 00 1,25685€ 00 9,B1151E-01 8,26714E-01 7.62607E-01
2,05586F 0N 1.93608E 00 1.43940E DO 1.23305€ 00 9,639726-01" 4, 126826-01 7.53597€~01
1.99223E 00 1.88393F 00 1.40955€ 00 1,21032€ 00 3.4TTL2E-01 T7.99188E-01 T.45013E-01
1.93137E 00 1.83378E 00 1.381456 00 1.18868F 00 9,323918<01 7.86247E~01 7.36896E-01
1.87316F 00 1.7855TE 00 1.35510C 00 1,16813F G0 9.18031E-01 7,73869€-01 7T.29285E-01
“1,B81753E 00 1,7392BE 00 1,33051€ 00 1.14B49E 0C 9,04650E-01 7.620656-01 7.22221E~01
1 764376 08 1.69485F 00 1.30748F 00 1.13037E°00 8,92271E=-Gl  7.50839E-01 7,15738E-01
1.71362E 00 1.65224€ 00 1.28662€ 00 1,11317E 00 8§,.80916E-01 7.401956~01 7,09874€-01
L.66519E 00 1.61142F 00 1,26735€ 00 1,09710€ 00 8,70607TE-01 7,30132E-01 7.04645E~01
1.61900F 00 1.57235E 00  1.24988E 00 1.0BZ16E 00 8.6137LE-01 7,20647E-01 7.00146E-01
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134 3,45550CE~
135 3.34447£-01

136 3.34447E-01
137 2.92604E-03
138 2.56121E-0%
139 2,24292E-0%
140 1,96506E-01
141 1.72236F-01
142 1.51023E-01
143 1.32473:2-01
144 1,162405-03
145 1.02027E-01
146 B,95751E=02
147 7.86583E-02
148 $,90B10£-02
149 6,06728E-02
156 5.328516-02
151 4,6T7882E-02

152 4.67882E-02
153 3, 75307E-02
154 2,013685-02
155 2.,422425-02
156 1.94905E5-02

1.60048E 00
1.55717€ 0C

1.55717¢ 06
1.39507F 6C

251378 Q0
1.12145¢ o
1.00481F 00
79,001258-01
§.06183E-01
7.21895E-01
5.4627T9E~01
5. 78450E-01

5.,17610E-01

4 ,630641E-01
4,14097E=01
3.70197€-01
3.308186E-01
2.95485E-01

2.95485E-01
2.437856-01
2.01082E-0%
1.658226-03
1.367156~-01

157 1.56962E6-02 {.3269CGE-01

158 1.26514E-02
169 1,02054E-02
160 8,2
161 6.65402E-03
162 5.37694E-03
163 4.34603E-03
164 3.51254E-03
165 2.83778E-03
166 2.29019E-03
167 1.864758-03
168 1,46119E-03

169 1,18315E~03
176 9,37374E-04
171 7.330408-0%

9.28645E-02
7.55050E-02
6+ 30057E=-02
5.186558-02
4.28702E-02
3.50769E-02
2.88025€-02
2e35125E-02
1.93129E-02
1.574282-02
1,27688E=02
1.02795€8=-02
3,L82815-03
6.39844E-03

172 5.56312836-04 4.85229E-03

173 4.14762E-04

174 4.147528-04
175 3.1977
176 2.393656-04
177 1.70009E-04

178 1

3.51687E-03

3451687£-03
2.60604E-03
1.88506E~03
1.30204E-03
3415476E~04

179 5,28182E-05

180 0.

3,91230E-04

0.

1.57498E 00
1.53307c ¢

>
[=]

1.53307€ 00
Le362%0E 00
1.21189E 00
1.07868F 00
Fe6DTOBE-D1

%.56080E-01

7.563190E-01
6.80637E-01
5.07206E-01
5.41836E-01
4,836045-01
4,31700E-01
3.85414E-01
3.64123E~01
3,07278E-01
2.74397E-01

2.74397E-01
2.26445E~01
1.86836E-C1
1456124501

1.27112E-01

1.063128-01
8.64027E-02
7.12061E-02
5.86616E-02
4.83051E-02
3.97529E-02

3.2687TE~02
2.5864467E-02
2.20126E-02
1.80052E-02
1e467495-02
1418973E-02
9.56849E-03
Ted0L111E-03
5.92131E-03
4.46493E-03
3.17688E-03

3,17688E-03
2429843E-03
1463070E-G3
1.30967E-D3
6e8T5T2E-04

3.2783%E-04

0.

1.53498E 00
E 00

1123623
1.49929 1.22044E

o0
f=141
»—soae

«06837E 90
«05572€ 00

J.11734£-01
7.03383E-01

5. 96355601
5.93328E-01

1.49929€ 00 1.22044F CO

1.05572& 090

Betr6221£-01

7.03383¢-901

6,93326E-01
Be69128E=01
6.380228-01t
5.02765E~01
5,65206E-01

1.31806F 00 1.14029F 60  9,86D7SE-01 8.03120E-81 6.62425E-01
1.18122F 00 1.05182E G0 9,15227&-01 7.62930E-01 6.218616-01
1.02498F 00 9,613756=-0% H.,44356E-01 7,13665E-01 5,8116%E-01
9,06233E-01 8.729156-0%1 T.T4726€-01 6.0625526=01 5,40480€-01
B.02405E-01 7.88784E-01 7.07453E-01 .,11258E=01 6,00205€~01
T.11375E-01 7.10258E-01 6.433926-01 5.609326-01 4.60824E=01
6.31366E-01 6.3T914E-01 5.831356-01 5,12495E-01 4.22790E-01
5.60890E-01 5.,71882E-01 5.2T034E-01 4.56518E-01 3.85477€-01
4.98691E-01 5,12019E-0% 4.75248E~01 4.23377E-01 3.521676-01
4,43TD45=01 4.58023E-01 4,27788E-0% 3.83283E-0% 3,20051E-01
3,950215~01 4.095065-01 3.94554E-01 3.46325E-0% 2.9023TE-01
3.51863£-01 3,65047E~01 3.45375E-01 3.124098E-CGf 2.627706-01
2.13564E-01 3.272245-01 3.i0035F-01 2.81738E-01 2.37639€-01
2.795676=01 2,92636E-01 2,78292E-01 2.339405~01 2.14794E-01
2.49312E-01 2,51916E-01 2,49897E-01 2,289T6E~01 1.94154E~01

2.49312E-01 2.61914E-01 2.49897E=03
2.05164E-01 2.15649E-01 2.07666E-01
1468934E-31 789776-01 1.72200E-01
1.39157E-01 1.67736E-01 1.42560E-0%
1.146535-01 1.21884E-01  1.17879E-01

2.28976E-01

1.91341E-01
1.59351E~01

T 1.32368E-D1

1.09739E-01

Se25660E-01
4,88097E-01
4.50244E-01
4. 1364TE-01

3.78707£-01

 3.45T09E-01

3. {4831E~01
2 . 86218E-01

+59897E=01
2 35694E=01

2.14202€8-01

1,94154€-01
1.62836E-01
1.36045E8-01
1.13315¢-01
9.41515E=-02

2.14292E-01

1.81047E~01
1.52127E-01
1,27261E-01
1. 06097E~01

“1.06518E=01
8,2BY20E-02

Y44 T29E-02
T.78431£-02

F.73802E-072
8,03881E~-92

9.08408E-02
7.51080E~02

TWRO777E-02

b.%6478E=02

8. 821 90E=02
7.31989E-02

6.41326E=-02 6.83032E-02 6,63202E-02 6,20395E-02 5,34598E-02 5.06322E-02
5.28244E-02 S5.62762E=02 5.46825E~02 5,120108-02 4,41593E-02 5.01498E-02
4.34938E-02 4.563464E-02 4.50589E-02 4,22204E-02 3,643885-02 4.14246E-02
3.57914E-32  3.91452E-02 3.T71010Z-02 2.4T8264E-02 13,00349E-02 3.41712E-02
2.94290E-02 5. {IBB0E-02 3.05179E-U2 2.86214E-02 2.647260E-02 2.81451£-02
2.41690E-02 2.5T621E-02 2.50674E~02 2.351% €02 2. 03170E-02 2.31369E-02
1.981476-02 2.11182E~02 2.054775-02 1.927502-02 1.56549E-02 1.894928-02
1.62032E-02 1.726256-02 L.5T904E-02  1.57482E-02 N1.36034£ 02 1.56919E-02
1.31989E=02 1,4049%5E-02 1.36544E-02 1.27963E-82 1,10695E-02 1.25775E-02
1,0686TE=02 1,135726-02 1,10206E-02 1.03136E-02 5.89634E-03 f.DilT4E=-02
8.57722E-03  §,081426-0% 8,78765E-03 B.20214E=D3 T,06308E-03 B8.019316-03
6.T8325E=03  7,13136F=03 6.85768E-03 5,37B36E~03 5.4T654E~-03 6,20253E-03
5.23548E~03 5.425455~03 5.18360E~03 4,76693E-03 %,07420E-03 4.59779£-03
3.86978E-03 3.88655E-03 3.5656676%-03 3.29704E-03 2.B00558=03 3,165026-03
2.62499E-03  2.43688E=03 2.256567-03 1.89T12E-03 1.608925~03 1.79304E-03
2.62499E-03 2,43688E-03 2.255568-03 1.89T126-03 1.60B928=03 1.T9304E=03
1.96191E=03 1,69565E-033 1.57423E-03 1,33245E-03 1.141935-03 1.152196-03
1.42630E=03 1.17085E-03 1.0859TE-03 9.21897E-04 T.%4832E-06 7. 59TH5BE-04

9.87528E-04 T.82615E-04

5419205E-04 4.,79616E-04

7.23974E-06
4426 T1E-04

6,150467E~04
3. T5797E-D4

3.31985E~04
3.25562E-04

4.94353E<N4
2.98253E-04

2.97193E-04 2,27263E-0U4
G. 0. O

2.09250E-04

L. T7H44E-04
De

1.540903E-04
2.

1.40162E-08
e

8s1



- GROUP FLUXES

5.78452E-01

5.,79374E~G1

5.62719E-01
5+63580E-01

5.50504E~01
5.613226-01

5.62152E-01
5,62934E-01

5.58539E~01

T 5.13723E-01
5,69292€-01 _

5+ 74443E-01

5. 79313801
5. 80002601

5,82138E~01
5,86 713E=01

5,65157€-01
5. 78429E-01

5.63769E-01
5.67821E-01

5.,65273E£-01
5.69145E-01

5. FT1545E-01
5., 15272E-01

5,76596E~01
5.80155E~01%

5. 82058E-01
5,85456E-01

Re NO. ____GROUPS 10+ 18
1 6,198026-01 6.03489E-01
2 6.20895E-01  6.04493E-01
3 6.24171E-01 &.07498E-01
4 6,296156-01 6.12482E-01
§ §.372076-01 6.19410E-01

6 6.46909E-01 6.28224E-01
T 6.58673E~01 6.38845E-01

8 6,T24276-01  6.51163E-01

5.93072E-01
6,01160E-01

6,10903€-01
6,22204E-01

5.763561E-01
5.,83899E-01

5.73240E-01
5.80569E-01

5.74509E-01
5.81308E-01

5.80432E-01
5.86965E~01

5.8507T7E~01
5.91301€-01

5.90152E-01
5.96081€-01

5.32973E-01
6.03493E~01

5.89131E-01
5.99029€E-01

5+89463E-01
5.,98B78E~01

5.9%793E~01
$.03818E-~01

5.98745€E-01
6.07310E-01

6.03162E-01
6.11292E~D1

6, 88075€-01
7.05492E-01

6.65029€E-01
6.80247E~G1

6+34942E-01
6.48961E-01

6.15345€-01
6428393E-~01

$.10141€-01
6,22320E~G1

6.09433E~01
6,20984E~01

6.13920£-01
6,24959€-01

6.16872E-01
6.2T28%E~01

6. 2034 8E-01
6+30185€-01

el
"o 0

7.24515E-01

6.96557E~01

6,640 THE~D1

12 7,24515€~01

13 T.41573E-01
14 7.61560E-01

§.96557E~01

7.16863E-01
7:35%19E-01

 b.640T4E-01

5.82433E~01
7.02344E-01

&, 4247TTE~0L

6,35389E-D1

6.333567E-01

5. 36775E-01

6:38394E~01

6, 40563 TE~01

6,424 TTE=OL_

£+35389E~01

6,33367TE-01

6.36TT6E-D1

6.38394F-0)

6.40637E-01

6.59288E-01
6,71266E=01

5,51046E-01
6.67889E-0Q1

6.48214E-01
6,639956-01

6,50858E~01
6.65633E~01

5.51575€-01
6.65289E-01

6.52924E-01
84 65504E-01

15 7.84283£-~01
16 8.08916E-01

7.64168E-01
1.91576E-01

17 B.,08916E-01
18 8.,19824E-01

7.91576E=01

7+95009E~01

1.23670E~01
7.46DTDE=D]

6.936099€E-01
7.15260E-01

6.85556€E-01

7.03559E-01

6.80304E-01
6,96607E~01

6. BO6LLE~-D]
6,95358E-01

6. 79062E~01
6.923311€E~01

&, 77865601
6489383601

7.46070E-01

T+431 36E~01

T T.15260E-01

7.18086E~01. .

7.03569E~01
7.06224E-01

6.96607E-01

. 6.98918E~01

6,95358E~01
6297415601

6.92312E-01
6,94139E-01

6.89383E-01
6.90939E~01

19 8.30081E-01

20 8.3970%9E-01_

21 8.487258E-01

7.98432€=-01

_8.01835€-01

8,05209E-01

22 8,48726E-01

7.52323E-01
7255446E-01

T.20920€~01
1.23156€~01

7.08848E-01
1.11440€E-01

T.012138-01
7.03489£-01

7.58559E~01

7.26593E-01

8.05209E-01

T.58559E-01

7.26593E-01

7.13998€-01

7.05747€~01

6.99485E-01
T.01507€~01

6.95956E-0%
6697763E-01

6, 926491E-01
6.94038E-01

7.03541E-01

6.99560E~01

5,95579E~01

7.13998E=-01

T.05747E-~01

7.03541E-01

6.995560E~01

6.95579E~01

23 8,53316€£-01
24 8L.57B15E-01

25 B8,62221E-01
o286 B.66533E-01

8,09012E-01
8.12748E~01

7.61737E-01
T+648866E-01

7.29343E-01
7.32052€-01

T+16459E~01
7.18885E-Q1

T.07969E-01
1.10158E-01

T.05545E=-01
T.07521E-01

7.561339E-0t
1203091E-01

6. 9T108E~01
6, 9861 3E~01

§.15413€~01

T.8679428-01

8,20006£~01  7.70963E-01

T+34720E-01
T+37342€8~01

T+21273E=01
T.23621E-01

7.12313£-01
T.14%32E~01

T.0%465E-01
7.113T76E-01

7.04814E-01
7.06507E-01

7.00091£-01

7.01541E-01

27 B8.66533E-01
28 8,72369£-01

8,20005E~01
8.24882E-01

29 B8,7B006E-Q1
30 BeB83444E-01

8.29607E~01
8.34177E-01

31 8,88682E~01

8,38588E-01

32-8,88682E-01

8.38588E~01

33 8.93720E~-01
34 8.98544E~01

B.428456E-01

3% 9.03152E-01
36 9.07548E=~01

8.508556=01
8.54602E-01

T 37 9.,07548E~01
38 9,15696E-01

8+61595E=-01

39 9.22958E~01
40 9.29358E~01

B.57877E-01
- B.734528-01

41 9.34922E-01

8.T8326E-01

ToT0863E-01 7T.37342E~0L T.23621E~01 T1.,14432E-G1 7T.11376E-01 7.06507E-01 7.01541E-01
_7.75073E-D1  T.40915€~0! 7,26823E-01 7.17321E-01 7.13982E-01 7,08817E-01 7.03520E-01
7.T9068E~01  T,464394E~01 7.29942E-01 7,201376-01 7.165226~0% 7,11068E-01 7.05447€-01

7.82942E~01  T.47TT2E-01  T.32974E-01 7.22874E~01 7.18992E-01 7.13256E-01 7.07318E-01

7.86690E~01 T.51045E-01 7.39913E-01 7.25529E-01 7T.21386E-01 T.15377E~-01 7.09127E-01

 7.86690E-01 -V.51046E~-01 7,35913E-01 7.,25529E-01 7.213B6E~-01 7,1%377E-01 ¥.09127E-01

7.96317€-01  7.54219€6-0) 7,38766E-01 7.2810BE~01 7,23TI3E-01 7.17439E~01 7.10887E-01

8,46936E-01  7,93B11E=01 7.57282E-01 7.415228-01 7.30600F=01 7.25964E~01 7.19434£-01 7,12589E-0}
T.97168E~01 T.60230E~01 T.44L78E-01 7.33004E-01 7.28135E-01 7T,21359E-01 7,162308-01

8,003856-01 7.63059E=01 T.46730E~0} T.35315E~0} 7.30223E~-01 7.23210E-01 7,15805E-01
TTB.546026-01 B.003B5E-01  7.63059€-00 T.46730E-01 7,353156-01 7.30223E-01 7.23210E-01 7.15B05E~01
B,06418E~01 7.68384E=01 7,515456-01 7,39884E-01 7.361776-01 7.26722E-01  7.188C7E-01

B.11873E~01  7.73222€~01 7T.559356-01 7T.436776-01 7.37800E-01 7.29948E-01 7,21573E-01

B8.16T40E-01 . T.T7I5586~01  T.598356-01 7.4T279E-01 7.41075E-01 7,32870E~0L 7, 24084E-0)

8,21019E=01 7T.81385E-01 71.63386E~01 7,504796~01 7,»3989E-01 7.35473E-01 7.26320E-01
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8.34853E<01

8.21019E-01
8.,24T25E-01
&.27855E=-01
B.30518E-31
8432427E-01

8,32427E~-D1
8.33899E-01

T.8:1385E~-01
T.84T720¢-01
T.87557E-C1

T.63386E-01
Te66454E-01
Te59084E-01

T7.50479E-01
T.53294E-01
7.55718£-01

1:439892-01
T.45551E-31
7.48786E-01

7.35473€~-01
7.37T7795-01

T.39786E-01

T.26320E-01}
7.,28313E-01
7. 30066E-01

7.89901 €031

T.91760E-01

7.91760E-01
Te93167E-01

TP ILZTTE-GL
7.73039E-01

7.730398=-01
7. 74380801

7.57749E-01
7.59392E-01

7459392£-01

7.60651E-03

7V 50665E-01
7.521856-01

7.521856-01
1.53364E5-01

Te4l4856-01
7.42877E-01

T 42B7TE-QO1

1.43966€-01

T+ 3157GE-01
7.328206-01

7432820€-01
T7233819E-01

843531 GE-01
8435295801

8.325295€-01

1.940TTE-O1
T496565E=0}
7.94633E-01

7.75312E-01
T.TI5R4BE-DL

T.76005E-01

7.94533E-01

7. 76005E-01

7.615376-01
7.62059E-01
7.522295-01

T7.62229E-01

T.55204E-01
7.5473 1€-01
7.548958-01

T+.54895E-01

7.44753E-0%

Te452458-01
T.45449E-01

T.45449E-01

7,345586~01
7.35071E~01
7.35336E-01

7.35336E-01)

B435120E-01
8.34836E-01
Be34446E-01
8.33954E-01

T 96516E-D1
7.96301E-91
7.93989€-01
7.93584£=01

Te T5947E~01

T.75798E=-01
7.755628=061
Tei5242E-C1

7.62186E~01
7.52058E-01
T.81B45E~01
Te61553E-01

Te54869E-01

7.54762E-01

T<56577E-01
7+54315E-01

T a5644E=D1
7.45366E-01
7.45215E-01

7.44994E-01

7.35378E-01

.7.35355€-01

7.352708-01
7.351232-01

5.33954E<01
3.33224£-01
8,32378E-01
8.31390E~01
8.30279E-01

8.30279E~01
8.2881BE-01
8427237E-D1
8.25545E~01
B.23753E=01

8,21B54E=01

8.19883E-01
8.17812E-01
8. 15549801
B.13392E-D1
8,11037E-01

7.93584€-01

+92979E~01
7 92247601
7.91393£-01
7.9064226-01

T7.90423E-01
7.89119E-0%
T.37681E~01
7.86319E-01
Te8443TE-03

T.75242E-C1
T T4T74T7E-D31
TeT4136E-01
7.73409E-01

7.72575E-01

7.72575E-01
Te71429F-03
7.70124E-01
TeBB658FE=01
TedT7CH5IE=-01

7.61553E-01
7+610958-01
7.60522E-01

7.59837E-01

Te59044E-01

7.54315E-01
T.53898E-01
7.53370E-61
7.52733E-01

7.51991E-01

7.44994E-01
T.44635E=-01

T.44170E-01
7.43603E=01

T.42937€-01

7.351238-01
7.34863E-03
7.34505E-01
7. 34053E-0)

Te33511E-07

7.59044E-01
T457949E-01
7.566926-01

7.51991E-01
7.50986E-01
7449744E-01

7.42937€~01

7.41988E-01

7.40B48E-01

7.33511£-01
7.32703E-01
7.31670E~01

T 82642 E-01
7. 80736E-01

TTBT2LE-0Y

T«7559TE-D1

TeT4361E-01

T. 72001 E-02

748537901
T, 63434E-01
T 6146401
7.59299E-01
T.57019E-01

Te54602E-01

T.S5279E-01 7.4B365E-01 7.39521£-01 T.30417E-0L
T.53715E-01  7.45823E-01 7.38012E-01  7.28950£-01
To52B03E-01 T7.45126E-01 T7.36324E-01 7T.272736-01
7.50147€-01 7.43260£-01 7,384515-01 7.25389£-01
Te4B1A8E-01  7,41243E-01 7.324265-01 7.23301E-01
7.460076-01 7.390738-01 7.302156-01 7. 21009E-01
Te43724E-01 7.36T747TE-21  T7.27836E-01 7T.13514E-06%
7.41298E6-01  7.34267E-01 7.25281E=0)  7,15816E-0%

B.08577E~01

2.06004E-01

3406004801

8.04693E-D1

8.03345E-01
B8.01957E=-01
8.00529E~-01

8.00529E-91

7.59542 =01
7066948501

¥e65943E-G1
T465636E=01
7. 6428901
7462906£-01

7.61486E-01

Te614865-01

7. 52044E-01
7.593408-01

T.49%40E-01
T.4797LE-0L

T.38727£-01
7.38009£-01

7.360098-01

736627£-01

7.316305-01
7.285368-01

7.28836E-01
7427411£-01

T.22555£-03
7419855 E-01

7.19655E-01

7.18169E-01

T, 12912E-01
7o D9BLHOE-0}

7.09800E-01

1.08190E-01

T.965708=01
T.451388-01
T.438728-01

7.436725-0)

T433214E-01
T.317706-01

7.302956-01

7430295E-01

7.25957€-01
Te24473E~01

T.22959E-01%

T.22959E-0%

7. 16857E-01
7.15118E-01
7.13852E-01

T.13882E-01%

7. 06 559E=01
T 04904E-01
Te03227E-01

?.03227£-01

36

&7

8.99959E-01
8.97248E-01

84646941E-03
8.422708~01

42 9.349228-01  8,78326E-0%
43 9.35670E-01 B8.32539E-01
4% 9.43598E-01 B8,86027E-D1
45 G, 467425-01  B.88BATE-DY
45 9.49139E~0) 8.91060E-01
47 9.49139E-01 8,9105606~61
48 9.50824E-01  8,92529E-01
49 9.51B356-01 £.935995-01
50 9.52214E-01 8.93997F-01
51 9.52004E-01 8.93851£-01
52 9.52006E-01 8,93851E-01
§3 9. 51699071 §.93587€~01
54 9.51269E-01 8.93200£-01
55 9,50721E-01 8.,92693£-01
56 9.50062E-01 8,92070E-0}
57 9,50062E-01 8.920708-61
58 9,491%8E-01 $.911798=01
5 9.48084E-01 B5.90137E-01
60 $.46914E-01 B.38951F~01
61 S.45640E-01 8.87627€-01
52 9.455405-01 £.8T627E-01
63 9.43752£-0% 8.85938E-01
84 9,4173TE-31  H,B4147E-01
85 9.39620E-01 &,82268E-01
66 9,37422E-91 8,80312E-01
37 9.35156E-01 B8.782356-01
68 9.32829E-01 8.76193E-01
59 9.304406-01 B.T4037E-01
70 9.27983E-01 8.71816E-01
TL 9.25446E-01 8.69526E-01
72 9.22810E-01 3.67163E-01
T3 9.20053E-01 6B.667175201
TH 5.3TI63E-01 B, 625 T9E-01
7S 9.17143F-01 B.62179E-01
76 9.15843E-0) 8,60859E~01
TT §.14503E~01 6.59537E~01
78 9,13122E-01 8.58121E-01
79 9.11895E-01 8.566816=01
BU 9,11698E-0% £,56631E-01
81 9.09570E-0% 8.54535E-01
82 9.07338E-01 8.522925-01
837 9.04997E~01  8.69949E<0%
84 9.02543E-01 8.47503E-01
55 9,02543E-01 B8.47503E-01

7498411E-01
7.98208E-01
7.93918E-01
7.91539E~01

T.91539E-01
T+ §9059E-03
T.86489E-01

T7.59385¢-01
T.87210E-01
7.54957E-01
Te52525€~01

7.50203€-01
Te47T04£-01

Te41512E-01
T39288E-01

735958801

7.34836E-01

7.3219%E-0%

T 7.29690E-0%

T.526256=01  T.35536E-01

7.28123E-01
T.25891E-0Y
7423595801
7.21237E-01

T 20735601
 7.184558-01
7.16119E-01
7.137258-01

Te1l257E~-01
7.08915€-01

7.086526E=01
7.06086E~-0%

7. 00T TTE~DL
B. 98293E-01
§.95773E-01
6.93219E-01

T.212375-01

7.188065-01
T.463156~C1

T 3725601
To11264E=0]
7.08752E-01

7.04086E-01
T.01586E-01
6.9904TE-01

6.93216E=01
6,99606E-01
5, 67974E-01
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«2711BE-0Y 7.13763€=01

8B 8,94407E-01  B.39490E-01 7.83826E-D) _ T.45126E-01 T _7.06189E~01__ 6.96467E=01 _ 6,853176-01
89 8.314356-01 8,3659BE-01 T.6107T0E=01 T.42467E-01 7T.2447TTE~D1 7T.111586-01 7.03575E~01 6.938486-01 6,82635E=-01
90 B,I1435E-01 8,3&558E-01 7.8LOTOE-Q1 7.42467E=01 7,26477E~01 7.11155E-01 7.035756~0) 6,93B48E-01  6.B2635E-01
91 B.B5067E-D1  B.304%6E~01 7.75258E-01 7.368936-01 7,18977E-01 7.05742E-01 6.98181E~01 6.B88469E~01 6, 77183E-01
92 8.7814TE-01 8.23862E-01 7,690756-01 7.31010E-01 7.13220£-01 7.001106-01 5,926106~01L 6,8236TE-01 6, 71685E-0)
93 8,70678E-01 8.16817E-01 7 62522E-01 7.24B18E-01 7T.07209E-01 6.94263E-01 6,8686TE~0L  6.77341E-01 6,65613%E~0L
94 8,62667E-01 8,09328E-01 7,55604E-01 7,183236-01 7.00949E~01 6.3B208E-01 6.80958E~01 6,71595E~01 6,60545E~01
95 8,62667E-G1 B.D9328E-01  T.55605E-01 T.18323E-01 7.00949E-01 6.88208E-01 6.809586-01 6.71595E-01 6,60565E-01
96 8.54138E~01 8,01415E~0L 7.48342E-01 7.11543FE-01 6.94457E-01 6,81960F-01 6,74897E=-01 6.65745E-01 &, 54915E-01
97 8,45100E~01 7.93082E-01  7T.40736E-C1 7.04481E=01 6.87734E-01 6.75519€-01 6.68681E~01 6.59783E-01 6,49235-01
98 B.35572E~01 T.84347E-01 7.32807E~01 £.97155E-01 &.8079BE~01 6,68904E=01 6,623286-01 6.53724€-01  6,435186~01
99 8,255756-01 T.75230E-01 T.245776-01 6.895B7E-01 &6,73671E-01 6.62133E-01 6.558576-01 6.47587E-01 6, 37783E-01
100 B.25575E~01  7.75230E~0L 7.24577E-0L 6,8958TE=0L &.7367LE-01  6.62133E-01 6,55857E-01  6,47587E-01  6,37783E~01
101 8,15203E-01 7.65815E-01  7.16117E=01  5.81847E=01 6.66412E-D1 6,552616-01 6.49317E~01 6,41420E-01 6,32073E~01
102 8.04458E~01 T7.56078E~0L 7.07401E~01 6.73889€~01 6,58986E-01 6.48251E~0L 6,62651E-01 6.351616-01 &.26298E-01
103 7.93374E°01 " 7,460506~01  5,984616<01  6.65763E=01 &.51427E~0% 6.41132E~01 £.35916E~01 6,28836E201 6, 204B6E-01
104 7.81993E=01 7,35768E~Gl 6.89337E=01  6.57901E~01  6.637569E=01 6,33934E~01 6.29112E-01 6,22473£-01 6,148669E-01

105 7.81993E=01 7.3576BE-01 6.893376-01 46.57501E~01 6.43769E~01 65.33934E-01 6.29112E-01 6.22473E-01 56.14669E-01
106 7.76239E~01 7.30576E-01 6,84747€-D1 6,53356€=01  6,39938E-01 6,30339E~01 $.25719E-01  6.19310E-0} &,11792£-01
167 7. 704406-01 7.25338E-01 6,801 24601 6,4918BE<D1  5.,36091E~0L 6.26729E-01 6.22314€-01 6,16136€~01 6.089G5E-01
108 7.64503E-01 7.20058E-01 6.75474E-01 6,45001F-01 6,32232E-01 6.231108~01 6,18899E-01 6,12954E-01 6.06011£~0)
109 7.58735E-01 7T.14743E-01 6.T0B02E-01 6.40802E-01 6.28367€-01 6.1948%5E~01 6.15479E-01  6,09769E-01 6.03L15E~01
110 7.587356-01 7,14743E-01 6.,70802E~01 6,408026-01 6,283876-01 6,19485E-01 6.154796-01  6.09769E-01 6,031156~01
111 7.52868E~01 T.09420E-01 6.86133E-01 6,36611E-01 5.24514E-01 6:15874E~0% 6.12072E~01 6,06598E-01 6.00237€-01
112 7.46999E=01 7.04077E-0L 6.61456E-01 &6,324176-01  6.20663E~G1 6.12262E~01 6,08662E-01  6.03424E-01 5.97352E-01
113 7.41137E-01 6,987 19E-01  6,56772E-B1 6,28225€~01 6.16BL7E-01 6.08654E-01 6,05254E-01 6,00250E-01 5.94465E-01
114 7.35292E-01 6,93354F~01 6,52093E-01 6,24041E~01 6,12984E-01 6,050556-01 6,018518~-01 5.97080E~01  5.91580E~01
{15 7.38792E<01 6.93354E-01  6.93093E~01 6.24041F~01 6.12084€~01 6.050556-01 6,018516-01 5.97080E~0L 5,91580E-01
116 7.29494E-01 6,88007TE-01 6,47T441E~01 6.19887€-03 5,091826-01 6.014836-01 5,984716-01 5.93932€-01 5.88716E-01
V1T 7.23743E<01 6.82668E-01 6,42804E<01 6.15T51E=01 5,054008-01 5,97925E-01 5,95099E-51 5.907886~01 5.B5851E-01
118 7. 1eoszg:glmwg 77343E-01 76 38190E-01 6.11640F-01 6,01544E-01 5.943856F-01 5.917406-0L _5.87654E~0L 5.82989E-01
119 7.12432E-01  6.72039E-01 &,33608E-01 6.07561E-0f 5.57919E-D1 5,90872E-01 5.88398E-01 5.84533E-01 5.80135E~01
120 7.12432E-01  6.72039E-01 6.336066~01 6.07561E-01 5.97919E-01 5.90872E~01 5,86398£-01 5.84533E-01 _5.80135€-01
121 7.032406~01 6.5654086-01 6.27724E-01 6.022526-01 5.93060E~01 5.86308E-01 5.84054E~01 5,B80477€-01 5, 76430E~-01
122 5,94179E-01. 6,.5892TE-01 6.219B4E=01 5,97071E-01 5,88289E-01 $,81818E-01 S5.79T6TE-01 5.76457€~01 5,72733E-01
123 6. 85289E<01 6,52629E~01  5.16410E-01 5.92036E-01 5.83622E~0( 5477413601 5,75544E-01 5.7247BE~01 5.69051E-01
124 6.75604E-D1  6.46549E=01 6,110256-01 5.8TI165E-01 5,7T9070E~D1 S.73102E-01 5,71393E-0L 5.68547E-01 5,65392E-01
125 6.68156E-01 6,40716E-01 6.05850E-01 5.82473€-01 5.746ABE-DI  5.68895E-01 5,67321E-01 5.64671E~01 5,61 T63E-01
126 6.59974E=01 6,351626-01 6.00906E-01 5,779756-01 5,70385E~01 5.547996-01 5.43334E-0L 5.60855€-01 5.58168E=01
127 6.52082E-01 6,299158-01 5,95214E-01 5 T2686E-01 5.66231E<01 5.5608216~01 5.594376-01 5,57103€-01 5,54514E-01
128 6,44500E-01 6.25004E-01 5,91791E-01  5.59620E-01  5.62256E-01 5,56967E-01 5,55633E-01 5,53419€-01 5, 51103E~01
129 6,37246E-01 6.20655E-01 5.87656E=01  5.657B8E-01 5.584466-01 5,532426-01 5,51925E-01 5,49805E-01 5.47640E-01
130 6.30335E-01 6.16296E~01 5.83825E-01 5,62201E~01 5.56807E~01  5.49648E+01 5.48316E-01 5,456263E-01 5.44226E-01
131 6.237776-01 6,125526=01 5,80313E-01 §.58870E-01 B.51343E~01 5,46189E-01  S5.44804E-01 5.42793E-01 5,040864E-01
132 6.17581E-01 6,09249E~01 5,7T136E-01 5.55802E-01 5.48057E=01 5,42864E-01 $5.41391E-01 5.39394E~01 5,37553E-01
133 6.11750E~01 6.06411E~01 5.74306E-01 5.530056-01 5.44949E~01 5,39672€~01 5.38072E-0L 5.36066E~01 5.34293E-0t
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134
135

1386
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151

152
153
154
155
158
157
i58
HA
150
161
182
153
164
165
1646
167
163
189
170
17
172
173

174
175
176
177
178

179
180

6,06284E-01
54 0L130E-01

6,01180E~01
5.75087€-01
5.47198E-01
5.,17568E-01
4485655E-01

6.55C45E-01

4.23318E-01
3.91693E-01
3.61504€-01
3.32201E-01
3.04347E-01

2.78135E-01
2.53692E-01
2,31095E-01
2.,10377€-01
1,91535E-01

1491535E-01
1.62553E-¢1
1.37147E-01
1.15149E-01
9.62973E-02

8.02751E-02

6.,6746462-02
5.53B04E-02
4,586 T6E=N2
3.79276€-02
3.13124£-02

2,58062E-02
2.12229E-02
1.74037E-02
1.42130E-02
1.185356E-02

9,273156-03

7e364134E-03
5.,667536-03
4.18864E-03
2.84927E-03
1.59670E-03

1.59572E-03
1.056275-03
7.007328-04
4,55159E-04
2,73719E-04
1,2B322E-04
G

6.06064E~ OL
6.02232E~C

6402232E-21
5.855T6E~-CL
54632165~ 01
5436969E-01
5.08166E-01

4 TTB3BE-DL

4,468Q0E=-01
4 ,15722E-0%
3.85132E-01
3.554528-01
3.27006E-01
3,000455=-08
2. T4 734E=-01%
2.51196E=-01
2.29500E~-0)
2.095795~-01

2.09679E-C1
1. 791108-01
1.519475-01
1.281758-01
1,07626E-01
9.00169¢€-02
7.50573E=02
6,242 (BE-02
5.17966F-02
4.289556-02
3.565658-02

T 2.924B4E-02

2.4D695E-02
1.974582-02
1.61276E~02
£.305728E-02
1.05151E-02
‘BJILTTRES03
6.41531E-03
4.74001E-02
3.235975-03
1.86106E-03

1.86106E-03
1.12403E~03
T132005-04
445351TE-0%
2.70065E~0%

1.26073E~04

0.

S.71B36E-01
5.697365-01

5.697365-01
5.529E1E-01
5.327T108-21
5.09490E-01%
4484G20E-01

4,57011E-01

4,29123E-01
4+00938E-01
3. T2953E~D1
3.45579E-01
3.19149E-01

2.9391BE-01

2.7008QE-01
2.47770E-01
2.270D73E-01
2,08033E-01

2,08033E-01
1,78510€-21
1.52137E-01
1.28892€-901
1.085646E-01
9,118832-02
752595502
6.435800E-02
5.28692E-02
4.385946E-02
3,63037E=02

2.99799E-02

2.46915E-02
2.02571E~02
1.65581E~02
1434368E-02
1.07935E-02

B8.534T2E-03

6.58001E-03
% .86153E-03
3,32192E~03
1.912465~03

1,91246E~03
1.15096E~03
7.20503E-0¢
4.52450E-04
2.67119E-04

1.24108E-0%

0.

1.24155€~04

5.50485E-01
S5.48246E-01

S.4824TE=01
5.31222¢8-01
5.11742E-C1
% ,90064E~D%
4.55589E-0%

5.,42019E-01
5.39262E~01

5,39252E-01
5.19393E-01
4,98718E-01
4. TEOBSE-O1
4,54220E~01

‘He36610E-01
5.336T5E-01

5.33675E-01
5.124G0E-01
4,99876E-01
4.688T5E=01

4.66330E-01

4.4178BE-01
4,15146TE-01
3.90133E-01
3,64169E-01
3.38625E-01

3.138128-01

2.89979E-D%
2.67322E-01
2.45982£-01
2.26052E-01
2.07580E~01

2.07580€-01
1.787995-31
1452994801
1.30134£-01
1,10106E-91

9.27313E-02

7.T7878E-02
6.50279E-02
5.,41974E=02
4.50462E-02
3.73473E6-02
3.08813E-62
2.54593E~02
2.09126E-02
1.70933E-02
1.38V43E-02
1e11654E-02

8.81205€-93
6.79355E-03
5.02101F-03
3.43589E-02
1.98838E-33

1.98E38E-03
1,191563£-03
T.373B0E-04

4.58372E-04

2.686563E-04

5,30591E-01
4. 06374E=-01
3.81860E~01
3.57427E~D1
3.33310E-01
3.09795E-G1
237103601
2.554158-01
2,448$3E-01
2,25538E-01
2.074798-01

2.07479€-01
1.792648E-03
1.53899E-01
1.31367E=01
_1.11338E-01
9, 42500602
7.93042E-02
6,66785E-02
5.55410E=02
4.62819E-02
3.86216E-02
3.18163E-02
2.626108-02
2.15904€-02
1.765908-02
1{.43398¢8-02
1.15226E-02
9,11253%~03
Te02851E-03
5.,201116-03
3.57240E-03
2.09429E-03

_2.09429E-03
1.256506-33
T.70S80E-C%
4. T4605E~04
2475932604

&.23303E-01
3.999418-0%
3.76447E-01
3.53046€-01
3.29966E-01
3,07419€-01
Z.855945-01
2.645645E-01
2.446905=01
2.258116-01
2.08050E-01

5.34845E-01
5.31705E~-01

5.317056-31
5,090625 31
4,86617E-01

&,54167E-01

4.91565E=01

5,32805E-01
5.,29607E-01

5.29607E-01
5.06337E-51
4.83433E-01
4.50T09E-01
4.38059E~01

5.31083E-01
5,27922E-01

5.27922£~01
5.04605E-01
. 4.815948-01

4,58802E~01
40351 75€-01

4,18793E-02
3.95918E-02
3,73062E-01
3,503808-01
3,28039E-31
3.06204E=01
Z.85027E-01
2.54538E-01
2. 45132E-31

2.26588€~01
2.09039E-01

4o 154AGE-G1 4 13699E-01
1,92909E-01 3.91397E-01
3.70514E-01  3.69324E-01
3,48369E-01 3.47561E~01
3.26598E-0% 3,26200E-01
3.05326E-01  3,053%41E-01
2.B46T4E-01  2,85079E-01
2.54747E-D1  2.55500£-01
2.455296=-01 2.46676E-01
2,273826-01 2.28661E-01

2.10041E-31

2.11488E-01

4.96951E-04
2.87012E-04

5.25456E~04
3.91778E-04

5.56087E-04
3. 1T7747E-08

2.08050E-01 2.09039E-D1 2.10041E~01 2.11438£~01
1.60195€-01 1.B1443E-01 1.82698€-21 1.24341E=-01
1.55164E-01 1.56634£-01 1,58080F-01 1,598569£-01
1.32863E-0% 1.364952-01 1,36091E-01 1.37954£-03
1,131 70E-01  1.14894E-01 1.16570E-01 1.18484£~31
9.59292E-02 9.767665-02 9,9373TE-02 L.01249E-01

B 09582E-02 8,266828-02 8,43332E-02 Bl 6146BE=-02
5.80523E~02 6.967T8E-02 7.12678E~D2  7.29848E-02
5.69978E-02 5.,850525-02 5,998B5E-02 6.15830E~02
4 75801E-02 4.89491E=02 S.03050E-02 5.17599E-02
B.95921E-02 4.08130E-02 4.20304E-02  4.333686-02
3.28387E~02 3.201056-02 3.498625-02 3.61423E-02
2.71413€=-02 2 80637E~02 2,900S5E-02 3.00143E-02
2.23382E-02 2,31301E~02 2.39350E-02 2.480685-02
1.828835-02 1 B9536E~02 1.96362E=02 2.03755£~02
1.48586E~02 1.541412-07 1.598562-02 1.6607TE~D2
1.194585~02 1,260188~02 1.28T40E-02 1.3389BE~02
§.45259E-03 9.B2161E~03 1.02061E-02 1.06Z76E~02
7e297215-03 T.59124E-03 7.89943E~03 B.23767E~03
5.410156-03 5.64048E-03 5.88268E~03 6,14706E~03
3.732838-03  3.90977E-03  4.09486E-03 &,293] 3E-03
2.21668E~03  2.34894E-03 2.48348E-03 2.62ZD00E~03
2.2166BE~03 2.34B94E-03 2.48348E£-03 2, 62000E-03
1.330308-03  1.487358~83  1.50730E-03 1.60021£-03
8.133226-04 B.64759E~D& 9. 13092E-04 9, TASQSE-04

5.89217E-04
3,355850E-04

0.

1.27036E-04
Oe

1.31570E-0¢
e

1.37797E-04
O

1.44550E-04
0.

1.32079€E-04
e
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Re NO. GROUPS X9~ 27 S
1 5,84078E~-01 5.88152E~Gl 5,91608E~01 5.923996-01 5.89654E-01 5,89502E-01 5.92526E~01 5.91328E-01 4.0411BE-D1
2 5.B4T34E~01 5.88B774E~01 5,92197E-01 5.92955E-01 5.90172E-01 5,89981E-01 5.929598-01 5.91705€-01 4.04511E~01
3 5.86695E-01 5.90629€-01 5.93954E-01 5.98623E-01 5.917176-01 5,914106-01 5.94248E-01 5,92826E-01 4,05T19E-0L
% 5,89933E-01 5,936926~01 5,96854E-01 5,97371€-0L 5,94262E-01 5.93761E-01 5.96362E-01 5,94655E-01 4,07843E-0)
5 5,34402E-01 5.97314E~01 6,0084BE-D1 6,01188E-01. 5.97765E~01 5.,96990E-01 5,99244E-01 5.97133E~-01 4.11101E-01
.6 6,00040E-01 6,03233E~01 6.,05874E~01 6.059256-01 6,02183E~01 6.01033E-01 &.028B19E-01 6,001768-01 4.15922E-01
7 6,06763E-01 6,09562E-01 6.11847E-0Ll 6.11594E~01 6.07378E-C1 6.05806E~01 6.06980E-01 6,03669E-01 4.23119E6~01
8 6.144686-01 6,16797E-0L 6.18686E~01 6,18074E-0L 5.133136~01 6.11209E~01 6.115956-01 6.07469E-01 4.34223E-D1
9 6.23032E~01 6,24814F=01 6.26208E~01 6£.25258E-01 6.19853E~01 5,17117E-01 &.16497E~D1 6.11398E-01 4.52084E-01
10 6,32312E~-01 6,33485E=01 5.,343326~01 633027601 6.26886E-01 6.23388E-01 6.214796~01 6,152378-01  4.B2003E-01
11 6.42143E~01 6,42584E-01 £.428806~01 6.41254E-01 6.34201E-01 6,29854E-01 6,26284FE~D1 4,.187228-01 5,33813E-01
_ 12 6.42143€-01 6,425B4E~01 6,928B0E-01 6.,41254E-01  6.,34201E-01 6.29854E~01 6,26284E-01 $6.187226-01 5.33813E-01
13 6,53603E~01 6,530428~01 6,92503E-01 6.50320E=01 6.41920E~-01- 5.36311E-01  6.30943E~31 6.21598E=01 5, 66552E-01
14 6,65167E=0) 6.63340F~01 &.5168B9E-0L 6.58650E~01 65.48448E~01 &.411756~01 6.3641716-01 6.22656E=01 5,852006-0%
15 6.,76330E~01 6.72943E~01 6.69916E-01 6.65796E~01 6.53223FE-01 6.43867E~01 6.353076-01 6.211906~-0% 5,93923E-01
_ 16 6,86486E-01 6,B1208E~01 6.,76549E-01 &,7119%9E~01 6.5553TE~D1 6.43628F~01 6.33614F-01 6.163848~01 5.94874E-01
17 6.864B6E-01 6,81208E~01 6,76549E~01 6.7L199E~01 6.5553TE~01 6.4362BE-01 6.33614E=01 6.16364E-GL 5,94 8T4E-01
18 6.,87836E-01 6,82265E~01 6,77351E-01 5.71817E~D1  6,555346E~01 6.,43303E-01 6,.330976~01 6.15290E~01 5, 9%496E~01
19 5,891B6E~-01 8.83322€-01 6,78156E~01 b5.T2442E~01 6.55743E-01 6.42986E~01 6,32600E-01 5.14230E~01 5,9%093E=01
20 5,30534E-01 6.B4378E~01  6.78963E=D1  6.73073E~01 6.55854E-01 6.4267SE~QL 6,321186-01 6.13181E-01 5,93868E-01
21 6,918B1E-01 6,85434E~01 6.,79771E=01 6.73709E-01 6.55957E~01  6:42367E~01 6.,31649E-01 6,12138E-01 $.92220E-01
22 6.91BBYE~01 6,85434E-01 6.79TTIE~01 6,T3TQ9E~01 6.55967E~01 6.42367E~01 6.318649E-01 8.12138E-01 5.93220E-0}
23 6,93221E-01 6,86485E~01 6,B05TSE-01 6,743456~01 6.5607TBE~01 6.42053E-01 6.311?56 01 6.11078E-01 5.92725E-01
24 5.94538E-D1 6:BTS16E~0L 6.B1362E-D1 6,764965E~01  6,56178E~01 €,41731E-01 6,3069%6~01 &6.100319E-01 %, 92200£-01
25 6.95831E-01 6,88524E~01 6,82129€-01 6,.75567€~01 6,.56263E~01 6,41398E~01 &6,30206E-01 &6.08958E-01 5,91644E-01
26 6,97098E-01 6.89509E~01 6.82BT3E-01 6.76150E~01  6.56331E-01 6.410506-01 &.29706E=-01 &,07890E-01 5,910576-0%
27 6.97098E-01 6.89509E~-01 6,828B73E-Q1 6,76150E«01 6,56331E-01 6,41050E~D1 &,29T0D6E~01 6.07890E-01 5,91057E~01
28 64,98825E~01 6.90850E-01  5.83886E=D1 6.7593BE-01 6,55410E-01 6.4D0551E-01 6,28996E-01 5,06381E~01 5.,90196FE=01
29 7.00506€-01 6.921936-01 6,B4855E-01L 6.T77697E-01 6,56477E~01 5.40053E-01 6.2828B9E-D1 &.04898E-01 5, 89309E~01
30 7.02136E-01 6. 2§QA1E00144§_§§§07E 0L 6.78425E-01 6,56523E~01 6.39545E-01 56.27579E-01 6.03428E6-01 5.883956~01
31 7.03711E-01 6.94621E-01 +B8TOTE-DL  6,79115E~01 6.565841E~01 6.39020E-01 6.26858E-01 6.01961E~01 5,87452E-01
_32 7.03711E-01  6,94621E-01 &.86707E-01 8,.79115E-01 6.56541E~01 6,.39020E-01 6.26858E-01 6.01961E~01 5,B87452E~01
33 7.05242E-01 6,957968-01 6£,.87577E-D1  £,7978DE=01 6.56543E~01 6+38481E-01 6.26129E-01 5, 00480FE~B1 5, 86483601
3% T.06722E~01  6,95930E~01 6,88417€-01 6,80420€-01 6,56541E~-01 &,379566~01 6.25418E-01 5,99048£-01 5,85521£-01
35 7,08148E-01 6,98020E=01 6.89220E~01 6.81030E~01 6,56528E~01 6,374356-01 &.24T18E-01 5,.97646E-01 5.84564E-01
36 T,09516E-01 6.99061E~01 6.89963E=01 6,81607TE~0L  6,56%95E-01 6.36910E~01 6.24022E-01 5.96269E-01  5.B83609E~01
37 7.09516E-01 6.99081E-01 6.89983E-01 &,816076-01 65,56495E-01 6,369108-01 6.24022E-01 %,96269E-01 5,836036-01
38 7,121266=-01 7.01061E~01 5,914586=01 &.82723F-01 8.56470E-01 6.35943E-01 6.22721E~D1  5,93654E~01 5,81 76%E-01
39 7,14535E-01 7T.02923E-01 6,92846E~01 6,83778€E~01 6.56519E-01 6.351566~01 6,.21614FE~D1 5.913976-01 5, 80129E~01
_ 40 T,167238-01 7, o@gggg:gxf_gngg;;se 01l  6,84744E~0l 6.,56591E~01 6.36485E~01 6.20649E~01 5.89418E~01 5.78657E~01
41 7.186T2E-01 7,08126E-01 +95240E-01 ~6,8%5598E-01  6.56639E-01 5.33874E-01 6.19780E~01 5.87642E~0L 5.773296~01
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42 T.18672E-01
43 7,204128-01
44 7.21950E-01

{5 7.23275E-01
46 T.243808-01

T7206126£-01

7.0748B9E-01
7.08724£-91

7.10751£-01

5.95240E-01
6496269E-01
6.97231E-01

6.,98103FE-01

5.98888E-D1

5.85596E-01
6,86379E-01
6.8T7122E-01

6. 87808E-D1
6.384228-01

5.56639E~0}
65.35741E~01

5, 19780E-01  5,87642£-01

5.573D5E-01

54
6.3

5.56974E~01  5.33196E-01
F3

5,57715E~01 6.

619074501 5.56145E-01
5.18635E-01 5,851 12E-01
5. 1B431E~01  5.844928=01
6.18432E-01 5.842455-01

5.77329€-01
5. 76207E-01
5,75401E-01

5,14 986E-01
5, 74641501

&7 7.26381E-01 7.10761E-01 6.98888E-01 6.88422E~01 6.57T16E-01 6.23508E-01 6.18433E-01 5.84245E-01 5,74841E-01
48 7,25267E-01 7.11551E-0% 6.99567t-01 6.88962E-01 _6,58200¢~ 0!776.3}?96&-61 5,18633E6-01 5.84360E-01  5,76659E~03
%9 Ta25936E-01 7 12196801  T.0014TE-01  B6.R9435E-01 6.53750E-01 6.34373E-0% 6.19026E-01 5.84838E-01 5. 14$35E-01
50 7,26386€-01 7.12678E-0) T.00827E-D) 6.B980BE-01 5.59395E-01 6 35135E=01 6.19603E-01 5.8567LE-01 5,754566-01
51 7.,266248-01 7 J13020E-01  7.01009E-31 6.90109E-0% 6.601136=01 6.350918-01 6, 20362E-01 5.86864E-01 5.762126-01
52 7,266245=01 T.13020E-01 7,0L0092-031 9.90;09&-01 5,501135=01 6,36091E-01 6.20362E-01 5.86864E-01 5,765212E~01
53 7.266512-01 7.131322-01 1. G1167E-01 8.90020E-01 B5.50487E-01 5.36619E-01 6.20785E-01 5.87563E-G1 5, 75657E~01
54 7.26539E-01 7.13197E-01 7.01267E-01 6.90300E-0% 5.6085BE-03 6.37162E-01 6.212265-01 5,88307E-01 5.77130E-01

55 F.26555E-01 7.132105-01 7.01340E-01 6.90364E-01 6.61226E-01 6.37724E=01 6.2167BE=01 5,89160€-0% s.;?629s~01
56 7426421E-01 7.12191E-01 7.G1378E-01 06.90356E-01 06,61396E-01 6.33308E-01 6,22146E-0% 5,89945E-01 3.78156E-01
BT 7.26421E-01  7.131916=01 T.01378E-G1 6.90356F-01 6.61596E-01 6.38308E-01 6.22146E-01 5.89945E-01 5,78156E~01
58 7.26175E-01 7.13094%=01 7.0{3666-01 $.90314E-CL 6.62013E=~01 s 38996E-U1  6.226915-01 5.90966E-01 S5,78T90E-01
59 T.250365-01 T.12916E-01 T.0L280E-01 56.90201E~G1 ©6.62390E-01 6,39640£-01 6.232056-01 5,91989£-01 5.79412£-01
60 7,254065-01 T.12651E-01  7,011255-01 6.90020E-01 6.62733£-0% é ,40309E-01  5.235912-0% 5,930216-01 5,80022£~01
51 7.268805=01 T.12332F-01 7.009035-61 6,89772E-D1 6.53062E-01 4.409518-01 6.261526-01 5.945073£-01 5,80822E-01
52 7.248B9E~01 T.123328-01  7,009036-01 6,89772E~C1l 6,63052E-01 6.409516-01 6,24152E-01 5.94073E~01 5.80622€-01
53 To26110E-01 TFolLT636-01 7.004406-01 6.89288E-01 5a631586=01 6,81366E-01 6.26390E-01 5.94858E-01 5.80997€~01
54 7.23098E-D1 T.10908E-01 6,99679E-01 6.58493E-04 6,62808E-01 6.4123}§ﬂ01,49;33;255;917 5,95012E=01 5, B0842E-01
$5 T.21859E-01 7.D9775E-01 6.98600E-01 6.87391E-01 $,.62018E-01 6.40612€-01 23378E-01 5.94552E-01 5.,B80163E-01
56 T7.20397E-01  7.083726-01 6.972205-01 6,85938E~01 _5.60799E-01 6.394735-01 6.221485-91 5.934995-01 5.78970E-01
57 T.18716E-01 T.96706E<01 6,95544E~01 65.84290E~01  6.59160E-01 6,37B40E-01 6.20445E-01 5.91846E€-01 5.771269E-01
B8 T.16820E-01 7.04TT4E-01 6.93576E-01 6.82299E~-01 6,57108E-01 $6.35722E-01 6.18276E-0% 5,8956218-01 _5,75067E-01
59 T.18711E-01 7T.02586E-01 6.91320E-01 &.30019E~01 5,545565-01 6.33121E-0% 6.156424E-01 5.86B8228-01 5.7235B8E-01
70 7.123906-0% 7.C0137E-01 6.887765-D1 6,77451E~01 6,51776E-01 6,30044E-01 6,12552E-01 S5.83453E~0L 5.69179£-01
73 7.058585~01 5.974326-01  6.859445-01 6.74597E~0] 6.4849?8 D1 6.264818-01 5.090016-01 5.795156-01 3, 85504£-01
72 Y OTL14E=01  5.94469E~01 6.828256=01 6,71645TE~U1 _5.44B06E-01 6,226396-01 6,04992E-01 5.75006E-01 35,61363E-01
T3 T,04159E-01 6.912456-01 €.79415E-01 6.68380E~0L 5.405956-03 6.1790TE-0L 6.00523E-01 5.597226-01 5,56709E-01
T4 7.00991E-01 6. 5TT565-01 6,75711E=-01 5.64316E~01 6,36160€-01 5,126792-01  5.95592E=01 5.642568-01 5.51597€-01
75 7.00801E=G1 6.57756E-01 6.T5711E-01 6.64316F<01 6,36150E-01 5.12879E-01 5.95592E-01 5.642565-01 5,51597E-01
76 6,99369E-01  6,85915E-01 g_]g}q;g:p;,,67523»553934»9.3352¢ -0l 5.09971E-DL 5.92808E~0% 5,60850£-01 5.%88932-01
TFT 6.976855-01 6. 54062E-01 6471 T61E-01  6,60355E-G1 ZLI00E-01 6.9708TE-01 5.99030E-01 5.575068-01 5.45810E-03
18 6,960028- o;,,,.sz&est-ai 6 S9TTLE-DL  6.58373E-01 a .25584E-01 6.04222E-01 5.8728 DE-D1  5.56182E-0L 5. %2947E-01
T 6,962965-01  6.80309E-01 6.8TTE9E-DL 6.56370E=01  6.25074E-01 6.013736-01 5.845318-01 5.508908-01 5.40101E-01
B0 6.942955-0% 6.30309E-01 5,67769E=0% 5.563T0E-01 6,26074E~0L 6,01373E-01 5,64531E-01 5.50890E~01 5.40101E~01
31 6.91808E-01 6.775606-01 6.669635-01 B.53465E-01 6.20537E-01 5.97236E-01 5.8605647E-031 S5.46097E~01 B5.36001E-01

82 5.89291E-01
B3 6, 85T744E~D1
84 6.841558-01

5.78821E-01

2,6?253"Q}”

85 G.841656-01
B6 6. 81539E-01

B7 6,78897E-01

54 656667E~0L
6.63651E-01

6.,69283E~01

5461960601
6.56150£-01
B.55E50E-01

6.5321LE-01
6.50299E-01

$.50566E-01
5,2 TH685E=-01
5.,44765£~01

6.4475658-01
6.41839E-01
6,38941E-01

6.18962E-01 5.93196E-01

6.15338E-01 5,89237E-01
6.11B55€-01 5.85351E-01

5, 76642E-01  5.41450E-01
5.72B09E-01  5.369325-61
5.69041F-91 5,32530E-0}

5.319958-01
T5.280798-01
5¢2%249E-01

6.118%5E-01 5.8535:E-01
64083545-01 5.31443E-DL
6,049525-01 5.77684£=01

5.69041£-01
5465258801
5.61637E-01

5,281 15E~D1
5.239032-01

5.325306~-01

5.204438=01

BeL6V84E-01

'5,242495-01
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B8 6.7623%E-01]
89 6,73564E-01

6,50861E-0}
5, 58065E~-Q1

6.47409E-01
6,44539E-01

6.36069E-01 &6,01636F-01 5,74050€-01

6,33221E-01 5,98398E-01

5.7053%4E-01

5.88097E-0% $.19882€-01 5,13268F~01

5.546B6E~01

5.16038E-01

5.09890€-01

90 6,73564E-01 6.58068E-01 6.44539E~01 6.33221E=01 5,98398E~01 5,70534E-01 5,54686E=01 5,16038E-01 5, 09890£-01
91 6.68150E-01 6.524TLE-DL  6,38843E-01 6.27583E-01 5.92127E-01 5.63802E-01 5.43170E-01 5.0B8006~01 5,03824E-01
92 6,52T2RE=01 6.46379E-0L 6,33328E=01 6.221426~0]1 5.86349E~31 5,.57769E~01  5,42320E-01  5,02552E=-01  4.97909E=01
93 6.57295E-01 6.41578E~01 6.279816-01 6.16885E-01 5.81024E~01 5,52377E-01 5.37099E-01 4.97251E-01 4,93021E~01
94 6,51854E-01 6.362656-01 6,22794E~01 6,11806E-01 5,76126E-01 5.47588E-01 S.324T9IE~01 4.92814E~0L  4,88841E-01
95 6,51854E-01 6.362656~01 6,22794E-01 6.L1806E~01 5,76126E-01 5,4758BE~01 5,32479E-01 4.92B14E-01 4,88841E-01
95 6.46414E-01 6.310625-01 6,177656-01 &6.05904E-01 §,71632E-01 5,643369F-01 5.28432E-01  6,892008~-01 4, 85342€~01
97 6,40958E-01 6,25BT8E-01 5.12857E-01 5.02138E=01 5,67470E~01 5.39623E-01 5.24875E-01 4,86290E~01 4,82442E-01
98 £.35500E-01 6.20T87E~01  6,0B081E~01 5,97517E-01 5,636506-0L 5,36360F~01 5,21813E-01 4,84096E~01 4,80143E-01
39 76,30056E-01 6.15T82E-01 5,03450E-01 5.953048E-01 5.,601936-01 S.33601E-01 5.19258F-01 4.82646E=01 4, 78453601
100 6.30058E~01 6.15782E-01 6.03450E~01 5.93048E-01 5.50193E-01 5.33601E-01 5,192586-01 4,82646E~0L 4, TB453E-01
101 6.24663E=01 5,108936-01 5,98980E-01 5.88739E-D1 5,57058E-01 5.312566-01 5,17120€-01 4,B81740E-0L 4. TT254E-01
102 6.19227E-01  6.05979E=01 5.94512E-01 5.84437€-01 5,539996-01 5,29037€-01 5.,15150E-01 4.81085€-01 4, 76346E-01
5,010706-01  5.90075E~D1 5,B80160E-01 5.51064E~01 5.26997E-01 5.13386E~01 4,807#9E-01 4.757576~01

103 6.13773E-0}

104 6.08B330E-01

165 6.08330£-01
104 5.05644E=01

5.961 98E-01

5.96196E~01

5.93807E-01

107 6.,02949E-01
108 5.00248E~01

109 5,97546E-0}

110 5.97546E-01

5.914038-01
5.B88988E-01
5. B86567E~01

5+ 8856TE-01

111 75.94861E-01
112 5,92168E~01
113 5,89471E-01

114 5,867756-01

5,84180E-01
5.817336~01
5,79291E-01

5.85698E~01

5. 75930E~01 5,48302E-04

5.25195E~01

5.11867E~01

4.80B05€E-01

4y 7551 8E-01

5.85698E-C1 5.75930E-01 5,48302E-01 5.25195E-01 5,118876-01 4,B0805E-01 4.75518E~01
5.83565E-01  5,73858E-01 5,47010E-01 5,264389E-01 5,1}1197€-01 4.80937E~01 4, 75505E-01
5.814L7E<01 5. TLT66E-01 5,45T03E~01 5.23566E-01 5.10519E-01 4.B1068E-01 4&,755]16E=01
5,79259E~01 5.69556F-01 5.44388E-0)} 5,227336-01 5,09839E-01 6.8120TE-01 %, 75555601

5.7T094E-31 S,47533ES0Y  5.430736~01 S,21899E-01 5.09163E-01 &.813668-01 4,75629E~01
5.77094E-01 5.,67533E~01 5,43073E-01 5,21899E-01 5,091636~01 %.813666=-01 4, T5629E-01
5,749%41E-01 5.55410E-01 5.417T1E-01 5,21065E-01 5.084876~01 4.815106-01 4. 75716E-01
5.T27656-01 5.632546~01 5,408356-01 5,20184E~01 5.07774E~01 4,816176-01 4,75799E~01
5.70569E<01 5,61086E-0L 5,39074E~01 5.19269E-01 5,07031E-01 4.81698E=01 4.T5886E~01
5,68359E~01 5,58850E~01 5,37695E-01 5,18324E-01 5.,06264E-01 4,81763%-01 4, 75982E-01

5.76837E-01

{19 5. 867756501 §.7683TESH1 TE EEI59ET0T 5.50850E-01 5.376956-01 5.18324E-01 5.,06264E-01 8.81753E-01 4, 75982E-01
116 5.84096E-01 5,74392E-01 5,66152E~01 5,55622E=31 5,36313E-01 5,173566-01 5.05474E-01 %,81786E-01 4. 760TCE-01
117 5.814136-01 5.71923E-01 5.83914E~01 5.5634TE-0L 5.34886E-01 5.163Z1E-01 5.066256-01 %,817456-01 4, 7613 BE-OL
118 5.78728E-01 5.69434E-01 5.61650E-01 5,52028E-01 5,33420E-01 5.15227-01 5,03723E-01 #,81651E-01 4, 76193E-01
119 5.760476-01 5.66930E-01 5,59364E~01 5.49867TE~G1 5,31924E~01 5,14081E-01 5,027T6E~01 4.81513E01 4. 76243E-01
120 5,760476=01 5.56930F-01 5,59364E~01 5.496876-01 5,31924E-31 5,14081E=01 5,02774E-0%1 4,81513E~01 #,786243E-01
121 5.72563E-01 5.63842E~01 5 56352E-0D1 5.46513E-01 5.29935E-01 5,125206-01 5.014T1E-01 4,R1326E-01 4,76205E-01
122 5,59073E-01 5.60352E~01 5.53325E=01 5.43387E-01 5.27856E-01 5,10867E-01 5.00064E-01 4.80776E~01 4. 75983E-01
123 5.65586E-01 5.57065E~01 5,50289€-01 5.40289E-01 5.25699E-01 5,00138E-C1 4.98564E=01 4.801818-01 4, 75592E-01
124 5,621076-01 5.537T87E-01 5.47250E-01 5.37221€-01 5,23477E=-3) '5,07343E-01 4,96983E-01 4,73480E-01 4. 75046E-01
135 5.588416-01 5.50522E~01 §,54213E-01 5.385185E-01 5.212026~01 5.05454E~01 4.9532BE-01 4,78638E-01 4.T43576~01
126 5,551956-0]1 5.672756-01 5.41184E-01 5.31182E~01 5.18885E-01 5.,03602E~01 4,93610E-01 4. TTTO1E-0L 4,73537E-01
127 5.51772E-01 5.460516-01 5.38167E-01 5,28214E-01 5.16533E-01 5,016T6E-01 4.918376~01 4.76692E-01 4.7259TE=01
128 5,4B376E-01 5,40853E-01 5,35167E-01 5.25283€-01 5.14158E-01 4.99728E~01 4,90015E=-01 4.75615E-01 4. 71546E-01
129 %,45009€-01 5.37684E-01 5.32185E~01 5.22391E-01 S.1L765E~01 #.97765E=01 4.88153E~01 4.78484E-01 &, 70392E~01
130 5.41674E-0L  5.34548E-D1 5.29230E~01 5,19541E€-0L 5,09362E-081 4.95797E-01 4.86255E-01 4.73309E-0L 8,691456-01
131 5.38373F-01 5.31446E-01 5,26301E-D1 5.16734E-01 5,06956E~01 4,93831E-01 4.843305-01 4.72108E=01 #.87810E~01
132 5.35106E-01 5,28382E-01 5.23401E~0L 5,139726-01 5.04552E-01 4.91876E-01 4.82380E-01 4,70B78E-O1 4.66393E~01
133 5.318738201 5.253666~01 5.30534E~01 5.11258E=01  5.021556-01 4.89940E-01 4.80410E-01 4#,69644E~01 4., 54899E~01
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134
138

5.22370£-01
5.196425E-01

5.286T3E-D1
54258504E~C1

136
137
138
136
140 ¢
141
142
143
144
145
148
147
148
1¢9
189
i51

152
153
154
155
156
157
158
159
160
161
162
163
164
165
165
87
168
159
179
171
S F
173

174
175
175
177
178
179
180

5425504E=01 5.19425¢-01
S02137E-01 4.97391F=-01
4,79109E-01 4.75215£=-01
4,56354E-01 4.530456E-01
4,339358-01  4,306738-01
4, 11542E-01  4.09067 y

3.8%9494E-01 3.837388E-01

3,6TT39E-01
34463345-01

3.65998E~01
3eH4964E-01

3,25353E=01 3.24355€-01
3,048776-01  3.04242E-0%
2.34981E-01  2.84691E-01
2.65738E-01 2.85765E-01

2.4T205€-01
2.29433€-01
2412469E-01

2.47514E-01
2.299828-01
2.13197E-01

2.13197€-01
1.86553E-01
1.62462E~01
1.40813F-01
1.21479£-01

2.12449E-01
1.355485-01
1.61259E-01
1.39470E-61
1.20080E-01

1,026565-01  1.04321%-03
8,77302E5~-02 38.918928-52
Te650765-02 T.592428-02
b Z0LETE-02 5.435622F-02
5.30842E-02 5.433758-902
4.45394E-02 64456864E-02
3.721738-02  3.82504E-02

3.,0956206-02 3.1878T7E-02

2.54303E-02
2.17752E-02
1.77952£-02
1.42839E-C2
1.164647-02
8.839868E-03
6eH6633E-03
4+58330E-03
2,89023E-03

2.562816-02
2.10826E~02
1272054852
1.38888E-02
1.10377€-02
+56823E-03
6.406942—03
4,48938E-03
2 Y5869E-03

2.75869E-03 2.89023E-03

1.69281E-03 1,789558-03
1.034985-03 1.097268-03
6.233828-06 6.50727E-04
3.527063E-G4 3.74104E-04
1.59982E-04 1.,68851E-04
0. {j’

5.87701E-01
5.14904E-31

5.14904E-01
4,938775-01

4.7250%E-01
4.509638-01
4.2930968-01
4.075126-01
3,86603E-01
3.5655528-01
3.448368-01
3.24528E-01
3.04698E-01
2. 85408801
2.6671TE-GL
2.48673E~01
2.31315E-01
2.34575E-01

2.14676E-01
1.88210E-31
1.642335-01
1.42645E-01]
1423326E-01
1.06143:-01

9.,095265-02
T.76006E-02
54593028-02
5.,57822E-02
4.H9%R6E-02

T3.94263E-02

3,291906-02
2.,73391€-02
2425592E-02
1.84627E-02
1. 649440E-02
1.19085€-02
9.27L4SE=53
6.95732E=03
4.89844E-07
3.03347E-03

3,0334TE-03
1.88548E-03

1278-03
6.9943TE=0G4
3.95476E~04

1., 78217E-04
Ge

5.08594£-01

4.997T1E-01}

%,880296-01
PO

4.78626E=01

40684 11E-01

£.53332£-01

S.GSUB2E-01  4.9T4D4E~01 152E-01 4.764295-01 #.6T7191E-01 4.61695E-01
5.05982E-01  4.97404E-01 4.861526-01 4.76429E-01 4.67191€-01 4,61695E-01
4.B6598E~CY A TBTVTIE-01 4.706435=01 4.60772E-01 4.557945-01 4,6B571E-01
4.6649%E-0%  4,59497E-0% 4,535215-01 4.46174E=01 4.419395-01 4.344205-01
4.45955E-0L 4,39774E-01 4435336E~01 4.287908-01 4.26390E-01 4, 19240501
4425199E-01  4,19778E-01  4,164805-01 $.08814E=01 4.,09683E-01 &.032%0E-01
4.04390E<01  3.99656E-01 3.,97242E-01 3.90442E-01 3.922126-01 3, 86555E-01
3.83662E~08 3,795373E-01 3.7T841E~03 3,TI853E-01 3.74275E-01 3,89401E-01
3.63126E-0%  3,59616E-01 3.5B447E-01 3.53204E-01 3.56105E-01 3.51968E-01
3,42875E-0%  3,39805F-01 3.3919T7E-0F 3.346336-01 3.378B3E-01 3.36422E-01
3.22993E-01  3.363005-01 3,20202E-01 3.18253E-01 3.19759E-01 3.169G6E~01
3.03554E-01  3,01508E-03 3,015556~01 2.98164E-D1 3.01853E-01  2,99546E-01
2.866235E-01  2,B29E7E-01 Z2.83334E-01 2.B0448E-01 2.94205E-01 2.82444E-01
2.66256E~01 2,64996E-01 2.65603E-01 2.53172E-9} 2,§7929570;,72,655905591
2.48501E-01 2.4795828-0D1 2.48618E-01 2,483945-01 2,50363E-0) 2.549357E-01
2.313955-01  2,30787E-01 2.31823F-01 2.3Ci56E-G1 2.34177E-0L 2.33504E-01
2,14958E-01 2.3146431E-0% 2,158516-01 2.14493E-0L 2.18575E-0% 2,181 Bic-0%

2,14968E-

1.88803¢

1e#3656E~
1.24459E-

1.07347E-01

01  2.14641E-01

01 {.88852£-01
1.65067€-

0L 1.65412£-01
01 i.44231€-01
03 1.2520%E-01

2.15851E~01
1.90270E-01
1.669645-01
145861 E-01
1.268658-01

2.14493E~01
1.89385E~01

1466479E-01

1.45702E-01
1.26963£-01

2.18575E~01

1.93439E-01

1.70394E-01

1.45426E-01
1.30455E-01

2,181 81€~01
1.93493E-01
1.70790E-01
1.50066E~01
1.31;755-0&

1.03210E-3T

9.21861E=02 9.31179E-32
7.98234E-02 7.57582E-02
6.71144E-02 6.80773E-02
5.690646E-02 5.763926—02
5,80626E-02 4,89289E~02
5.03809E6-02 4.12047E-02
3.37782E-02 3.45301E-02
2.810115-02 2,877508-02
2.322528=02 2,3B215£-02
1.90355E-62 1,95547E-02
1.543375-02  1,587358-02

1.23739E

6U1B6E~
=03  T.45427£-03
5.097T73E-
3.17B09E~

T421895¢

3.1T7BU9E-

1.98773€
1.22586E
7.3B8TTE

[

02 1.268452~02
03 9,90376E~0G3

03  5.265628-03
63 342V07S5E-D3

T 1.098638-01

Fe47310E-02

T 1.10159E8-01

.51 711E-02

14134958-01
D 81663E-52

1434315-01

 9.91678F-02

03  2.27G756-03

=032  2,07282%-03
-03  1.28765E-D3

=34 7.78569%-04
4e1T4ABE-
1+87904€-

04 6.4031378-04

04 I.98031E-T4

G.

B,123555-02 B.13740E-02 B.46150£-02 §.564355-02
6.953B4F-02 T.0I136TE=02 7To26256E-02 7436501E-02
5.919926-02 5.93251E=02 6.,206765-02 6.,30637E-02
S.OLTYBE-02 5.080556-02 5.,2B101£-02 5.37587E-02
§,23367E-02 4.09562E-02 &+672355-02 4.561086-02
3.554536-02 3.6119BE~02 3.76519£-02 3, 84982E-02
2.96715E-02 3.02044E-02 3.1564BE-02 3,23040E-02
2.46023F-02 2.50853E-02 2,62578E-02 2,69166E-02
2.022695-02 2,06531E-02 2,315535E-02 2.223095-02
1.64625E=02  1.58146E-02 3.76521E-02 1.81487E-02
L F1584E-02  1.34725E-02 1.416006-02 1.457875-02
1.028376-02  1,05452E-02 1.109428-02 1.163558-02
T.T46516-03 7.95646E-03 &,372056E-03 8, 54473E-03
5,47235E-03 5.63TT1E=03 5.91801E~03 6.13323E-03
3.39299E~03  3.52879E-03 3.55495E-03 3.84287E-03
3.39299E-03 3,32879-03 3.55496E-03 3.B84287E-03
2.170565-D3 2.260585-03 2.362452-03  2,458452-03
1.357176-03  1.41TS555-03 1.49108E~03 ,},§»7§§§?a3
8.23539E-04 B.5620705-04 9,106CLE-06  9,45959E-06

%. 661 TSE-0%

%o BB&YIE-04

e 171406E-006

5430B4GE-C

ZLOOTTEE-DY

[N

Z2.19879E-06
De

7.32980¢-04

Qe

2.41906E-02%
Q.
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GROUP FLUXES

R, NB. _ GROUPS 28- 33 - AR —
i 4 719796701 4.95128BE-01 4.94968E~01 4.86764E~01 4.69476E~01 1.50418E 01
2 4.725205-01 4.95683E-01 4,95513E~C1 #4.87278E=01 %,699496-01 1.50342€ 01
3 5.74168E-01 4,.97361F=01 4.97156E~01 4,88824€~31 4.71366E-01 1.50108E 01
4 6,77003E~01  5,002026-01 4,99913E-01 4,914D7E-01 4.73722E-01 1.49699E 01
5 4eB11T3E<01 5,0426BE-01 5.03820E~01 4.950308-01 4. 77004E~01 1.45088E Of
& 4.BSIOBE~D1 5,09646E~01 5,08910E-01 4.99690F=01 4,81185E-01 1.48233E 01
7 5.945376-01 5.16629E-01 5.15206E-01 5.05360E~01 4,86209E-01 1.47079E 0%
B 5,04507E-01 5,26589E-01 5,22695€-01 5,119686-01  4,9197TE-01 1.45556¢ Ol
3 5,17359E01  5.34411E-01 5,312T0E-01 5.19361E<01 4.98316E-01 1,4357TE Ol
10 5.33642E-01  5,45361€-01 5,40651E-01 5,27243E-01  S5.04943E~01 1.41036E 01
11 5.5343BE<01 5.568326-01 5.502196~01 5.35088£-01 5,11406E-01 1,37803E 01
12 5.538386-01 5.568326-01 5.502196-01 5,35088E~-01  5,11406E~01 1.37803E 01
13 S.TL0B4E-01 S5.67BI3E~01 5,59314E~01 5,42304E-01 S5.17140€-01 1.308B7E 01
14 5.82251E-01 5.754526-01 5.65513E-01 5,46T936~01 5.20284E-01 1.18957F 01
IS5, BT90TE-01  5.79413E-01 5.68376E~01 5.48024E-01 5.20307E-G1 1.01980€ 01
16 5.88669E~01  5.79724E-01 5,677516-01  5.45641£~01 5.16791E-01 7.98538€ 00
17 5.88669E-01 5.79724E~01 5.67751E~01 5.456416-01 5.1679LE-01 7.98558E 00
18 5.88470E-01 5.79537E-01 5.67418E~0L  5.45004E-01 5,15979E-01 7.75255E 00
19 5.88280E-01 5.79370E~01 5.67106E~01 5.44390E-G1 5.15191E-01 7.52476E 00
20 5.88099E=01 _5.79223E-01 5.668146-01 5.43796E-01 5.14%23E-01 7.30175E 00
21 5.87929E-01 5.T9096E-01 5.66542E~01 5.43221€=61 5,136756-01 7.0830%€ 00
22 5.87929E-01 5.79096E=01 5.66542E~01  5,43221E-01 5.1367SE~01 7.08309E 00
723 5,87743E-01 5.TB963E=01 5.66265E~01 5,42642E-01 5,12920E-01 6.82198E 00
24 5.87523£-01 5,TBBO2E-01 5.65965E~01 5.42047E-01  5,12155E-01 6.57052€ 00
25 §,872706~01 5.78615E-01L 5.65543E~01 5.414358-01 5,11377E-01 6.327898 60
26 5.869856-01 5,78401E-01 5.65298E-01 5.40805E-01  5,10585E-01 6.09332€ 00
37 5.B6985E~01 5.784CIE-01 5.65298E-01 5.408056-01 5,105B56-01 6,09332E 0O
2B 5486544E-01 5.T78068E~01 5,64788E-0} 5.39901E~01 5,0945TE-01  5.78214E 00
29 5.860656~01 5.77TOLE-01 5.64252E~01 5.38988E-01 5.08330E-01 5,4B975E 00
30 5.855506~01 5.77303E~Cl  5.63692E-01 5,380626-~01 5.07198E-01 5.21399€ Q0
31 5.850026~01 5.76876E-01 5.63108E-01 5.37119E-01 5,060556-01 #.95282€ 00
37 5,85002E-01 S5.T8876E-01 5.63108E-01 5.37119E-01 5.06056E-01 4.95282E 00
33 5,80427E-01 5,T64276-01 5,525036-01 5,36158E=01 5,04901E-01 4.70704E 0O
34 5,83841E-01 5.75964E-01 5.61893€=01 5.35208E-01 5,03T65E-01 §.47922€ 60
35 5,83245E-01 5.75490E-01 5.61276E-01 5.34263E-0L 5.02643E-01 4.26731€ 00
36 5.B2640E-01 5,75067E-01  5.60652E~01 5.333216-01 5,01532E-01 %.06940F 00
37 5,82640E-01 &.75007€-01 5.6D6526-01 5.3332(£-01 5.015326-01 4.D6940E 00
38 5,8144TE~01 5,740396-01 5.594216-01 5.31491E-01 4,99382E-01 3,72273E 00
39 5,80330E-01 5.73106E~01 5.58257E~01 5.29812E-01 4.97428E~01 3.43B26E 00
40 5.79291E-01  5.72214E-01 5.57154E=0L 5,28256E-01 4.95834E~01 3.20345E 00
31 5.78330E501  5.71369E-01 5.561056-01 5.26798f-01 4,93969€-61 3.00810E 00
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42

5.78330€-01

5.71369E~-C1

5.56105E~01

5e26798E-01
5425472E-01
5424356E-01

4493969E-01
4.92%65E-01
4+91214E-01

3.00810€ 00
2,85312E 00
2.T4131E 00

5,23629E-G%
5.22669E-01

5.226708-01
5,22068E~01

4.90191E-01

4eB9373E-DL

4.89373E<01

49 8875LE-OL

2.65669F 00
2462509 00

2.62509E 60
2.61496E 00

5.21618E-01
5.21308E-01
5.21128E-01

5.21128E-01

4.88319E-01
4eB8B0H8E-01

T4,87991E-01

4.87991E-01L

2.63621E 00

2.689168 00
2.77562E 00

2.77552E 00

43 S,774E0E-01 5,70588E-0Y 5.55134E-01
44 5,76T85E-01 5.69893E~01 5.54279€-01
45 B5.76236E~01  5,6927FE-01 5.535285-01
46 5,75820E-01 5.68732E-01 5.52868E-01
47 5.75820E-01 5.687325-01 5.52868E-01
48 5.75524E-01 5,63244E-01 5.522885-01
49 8 75333E-01 S5.6T796E-01 5.5 776E-01
S0 5.75223E~01 5.67367T6-01 5.51313E-01
S1 5.75168E-01 5,669306-01 5,508835-01
32 5.75168E-01 5.65930E-0% 5,50883E-01
53 5.75144E-01 5,65696E-01 5.50668E-01
54 5.75111E=-01 5.686435-91 5,504%4E-01
55 5.750655-01 5.656187E~01 5.502096-01
56 5.75001E-C1 5.558635-0% 5.49959E-01
ST 5.75001E-01 5.565863E-01 5,49969F-01
S8 S.74883E-01 5.65453F=01 5.49629E-01
59 5.74704E-01 5,64979E-01 5.49252E-0%
60 5.74454E~01 5.664305-01 5.48823E-01
61 5.7412%E-01 5,63799£-01 5.48338£-01
62 5.T4123E-01 5.637995-01 5.48338:5-C1
63 5,73534%-01 5.62891E-01 5.476072-01
64 5.72632E-01 5,61745E-01 5.,46602E=01
65 5,71407E-01 5.60356E-01 5.45324E-01
66 5,69857E-01 5.58718E-01 5.437726-01
67 5.67978E-01 B5.54827E-01 5.,4.049E-01
68 5.65772E-01 5.54688E-01 5.39856E-01
59 5,63241E-01 5.522973~01 S5,37499E-01
70 5.60391E-01 5.496655-01 5.34882E-01
71 5.5T230E-D1 S.46799E-01 5.32010E-01
]2 5,5376BE-01 5.43710E-CY 5.288928-01
73 5.50C18E=-01 5,40411E-03 5.25534E-01
T4 5.4599LE-01 5.38918E-01 5.21948E-01
75 5.45991E-01 5.356918E-01 5.21948E-01
16 5.63885¢E- p;m,s.is“gse 01 5.2007
S5.33321E-01 5.181
78 5.396278- -0 5.31496E-01 5. 16299E-01
79 5.37479E-01 5.29653E-01 5.14402E-01
80 5.37479€-01 5.29558E-01  5,14403E-0%
81 5.35373E-01 5.,26998E-01 5.11664E-57
82 5.31281E-01 5.24337E-01 5.08945E-01
83 5.28210E-01 5.21682E-01 5.04246E-01
B4 5,25168E-01 $.19040E~01 5.035736-01
55 5,251668-01 §,19040E-01 5.035732-81 %
86 5,221315-01 5,16402E~C1 5.009052-01
87 5.19159E~01 5.13804E-01 4.98293E-01

5,210763-01
3.21035E8-31
5.21002E-01

5.,20981 E=01

4.880056~01
4.58060E-01
4.88095E-01
4.8317HE-D1

2.83146E 40
2.89490E 00

2.9556564E 00

3.04707E 00

5,20981 <61
§,20951E~01
5.20900E-01
5,208292-01
5.20740E-01

5.20T40E-03

5.20446E-01

5.19789E-9%

5.,18779E-01

5.17422E-01

5.,15724E~GC1
5,135691£-01
5.113286-01
5.03640E=01
5,05623£-01
5.02298E-08

4.B81T4E-01 3.04707¢ 00
4.8821§§ 01 3.,15398F 00
4,88365E-01 3,27181E 00
4.88452E-01 W; 40208€ 09
4,8853TE-01 3.54549F 00
4.88537E-01 3.54649F 00
4.88433E-01 3.70765€ 00
4.87946E-01 3.82949F 00
4. 87079E-01 3.91299€ 00
4.85848E-01 3.95901F 00
4, 84258E-01 3,56836E 60
48231 3.94177€ 00
3.37990€ €O

4,77388E-01 3.TB336E GO
4o T4412E-01 3.43269F 00
4,7109685-01  3,488358 OO

4.58650E-01

4,94686E-01

4,94686E-01
4.92521€-91

4.67446E-01
4.53457E-01

4,53457E-01

4.61246E=01

3.29077E 00
3.06032E 00

3.06032E 00
2.944405 Q0

4.90365E~01
4.8821TE-O1
4.86076E=-01

4.860T6E-01

4459050E~-01
4.54867E-01

%4.54595E-01

4¢545695E~01

.83420F 00
2 T2916E 0O
2,52879€ 0D

2.52875E Q0

4, 82985E-01
4.79951E-01
4.76971E-01
5,750 42E~01

4.51559E~01
4.48494E-01
4.454955-01
44 42556£-01

2.%49388E 05
2437023 00

2.25629E 00
2,150 73€ €2

«T4G42E-T1
4,71122E-31
4.65300€-01

%.%2556E-01
4:39831E-01

4,35816E-01

2.15073¢€ 00
2.054158 g0
1.968368 00
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88 5,16285E~01

89 5.,13424E-0C1

5,11£50E=-01

5,08746E-01

90 5,13424E-01

91 S.0T9T4E-~01
92 5.02941E-01

5,08746E-01
'5.03890E~01

793 4,98336E-01
94 4.,94158E~01

4.95094E~01
4,91183€-01

4.99333E-01

2,9574BE=-01
4,93348E-01

4,53571E~00  4.358109E~01  1.8921%6E @3

4£.562933E-01

4. 31534E=-01 1.82441€ 00

4,93248E~01  4,82933E~01  4,31504E-01 1,82441F 00
4,BB450E-01 4.579L56-01 4.26585E~01 1.,71706E 00
4,83989E-01 4,53619E=01 4,22251€~01 1.64505E 00
3,799026-01 4.49430E-01 6.18477E~01 1,6G393F 0C
4. 76181E~01  4.45935E~01 . 4,15248E-01 1.59126E 0

95 4,94158E~01

96 4,90401E-01
T 4.8T023E-01
98 4,84007E-01

799 4,813326~01

100 4,81332E-01
101 4.78942E-01
102 4,76697E-01

103 4,74564E-01
104 4,72507€-01

105 &, 72507E-01
106 4,714916-01

4,91183E-C1

4.87606E~031
4,84340E-01
4481379E~-0Q1

4,76181E~01

5272825801
4.69805E-01
_448T116E-01

4, T8799E-01

4yT8T09€~01
4 ,75303E-01
4,74074E-01
4,72004E-01
4,700 TO0E~-D1

4,700 T0E~01

_B¢69147€-01

T 4.64756E-01

4.,64756E-01

T %,62585E-D1

4.60795E-01
4,59077E~D1

#.57530E-01

4,57530E~01
4.56816E-01

5,45935E~01
4,42920€=-01

4,15248E-01 1.59126E OO
4,12544E~01 1,806411E 00

4240334E~01

_4.38180Eu01

4,10303E-01 1.64117¢€ Q0
4,08549€-01 1.7D485E 00

4,36467E-01

4,07276E-Q01 1.79913€ 00

4,38646TE-D1

4,07276E-01 1.79913E 00

4,35115€6-01
4,33955E8-01

4,33037E=01

4232354E-01

4.32354E=01

4,32092€=01

4,06388E=-01 1.91847E 00
4.05725E-01 2.05%458 00
%.05314E-01 2.22910€ 00
4,05183E-01 2.43576E 00

4.05184E-01 2.43576E 00
4,05203E~01  2.55286E 00

107 4.70448E-01
108 4,69370E-01
109 &,68251E-01

110 4,68251E-01
It %.57088E-01

112 4,65852E-01

113 4,64535E-01

114 4,63130E~-01

115 4.631306-01

116 4,61634E=01
117 4, 80016E~-01

118 4,58266E-01

119 4.56374E-01

120 4.56374E-01
121 4,5363BE-0L

122 451 144E-01

123 4,58863E-01
124 4,46770E-01

125 4,44844E~01

126 4.43071E-01

127 4,414408-01
128 4,39942E-01

129 4,38573E-01
130 %,37332£-01

4,68234E~01
4,57327E-01
4.66424E-01

%,68424E-01

4.65524E-01

4,64614E-01

4,63630E-01

4962753E-01

& 62753E-061

4,61802E-01
4.60825E~01
4,59823E-C1
4,58794€E-01

4,58794E~01

4.56111€-01
445541 TE-0L
4,557328-01

4.54T336-01

4%, 54056E-01

4,53371E-01

4,52678E-01
4+s5L97TE~0Q1

§.5157T7E~G1

4,51268E-01
4,50536E=-01
4, 437B4E-N1
4,49011E-81

4e 4901 1E~01

TR 3841 E-01

4,31604E~01
4.31386E-01

4,0523TE-01 2.67T679¢ 00
4.05292E~01 - 2.80878E 00
4,05372E~G1 2.95310€ 00

%.31386E-01

4,05372E-01  2.3501QE 00

T4, 31177E-01

4.30957E-01

4,30732E~01

4»3C5056-01

%,05460E-D0% 3.09B41F 00
4,05542E-01 3,25278E 0C

4,05623E-01 3.41446E 00
4.05708E-01 3.58470F 00

4.30505¢€=-01
4,30269€~01
4.30007E-01
4.29725E-~01
4.29428E~D1

4. 05TO8E-01 3,584 70F 00
_ 4,05783E~01 3,76159€ €O
4,558366-01  3.94449E 00
4,05873E-01 4,13461E 0O

T 4,05899E-01 4.33318E 00

4,29428E=01

4,035899€-01 4.33318F 00

4.05B77E~C1  %.59502F 00
4.05T62E-01 5.84225E 00

"4.35565E-01 5.07591E 0O
4.052976-01 5,29700€ GO

§,04959E~01 5.50645E 00
4,04590E-01 5.70316E 60

4,04171E-01 5.89398E 00
4,03719€~01 6.07370F 00

131 4.36218E-01
132 4,3523%E~01

133 4,3439RE-01

4,57421E=01 £.4T974E-01 4&,28990E=01
4,56025E=01 4, 45895E-01  4.28451E6-01
4.54608E=01 &,45777E-01 4,27851€-01
4,53170E~01  4,44627E~01  4,27168E-01
& 517T12E-617 4. %3446E-01  4.26421E-01
4,502356~01  4.42239E-01 4.25617E-01
B, 4BT3BE-01  4.41009E-01 '4,24764E-D1
4,47221E-01 4,39759E-G1 4.2386TE-OL
4.456B3E-01 4.38492E-01  4.729336-01
4.44122E=01  4.3720BE-01 4,219568-01
4, 42536601 &, 3591 2E~01 4, 20971601
4,40021E-01  4,348038-01  4.19954E~01

4,39274E-01

4,33285E~01

%,1B918E-G1

4,03345E-01  6.24510€ 00
4.,027575~01 6,4%0890E 00
4, 02364E-G1 5,56580F 00
4. 8177SE~01  6.71648E 00

4,01298E-01 6,86157€ 00

691



134
i35

136
137
138
139
140

147 3,

142
143
144
145
146

1a7

148
149
150
151

152
153
154
155
156
157
158
159
150
151
152
153
164
165
1686
167
168

169

Yo
173
872
173

174
1715
176
177
178
BYE]
189

4.337065-01
4.331745-01

4.33174E-01
4.275616-01
4, 18204E-01
4,06271E-01
3.92547E-01
77554501
3,617576-01
3,45461E-01
3.28844E-01
3.12126E-01
2,95458E-01
2.78965E-01
2.62745E6-01
2.46881E-01
2.314637E-01
2.16461E-0"%

2.1664615-01
1.923276-01
1.70087£-01
1e49736E-01
1.31238E-01
1.145276-01
9,951 73E-02
8.61083E-02
T 41893E-02
6435439E-02
5.435331E-02

4,61982E-02

3.90623E-02
3,28326E-02
2.T%012E-02
2.26660%-02
1.853145-02
1.49084E5-02
1.171528-02
84877685-03
5,329685-03
4,01614E-03

4,01614E-03
2.54816E-03
1.59953€-03
9.761565E-04

«54615£-04

5
2.49939E-04
5]

4.37590E-01%
4.35864E~C1

4,35864E-01
%e23947E=-01
4.11829E-01
3.98986E-01
3485292€-01

3,70807E-01
3.55676E-0L
3.40071E-01
3.24162E-01
3.08107E-01
2.92045E-01
2,76096E-01
2.60352E-01
2.44927E-C1
2.298%8E-C1
2.15208€-01

2.15208E-01
1+91560E-01
1,69720E-01
1.49691E-01
1.31442E-C1
1.149 19861
1.000438-01
£.672356-02
7.48567E-02
6.43334E-02
5.50406F-02
4,656 4BE-02
3.96939E-02
3,341 89E-02
2.79351E-02
2.314348-02
1.8950465-02

"1.52695E-92

1.202065-92
9.130818-03
6.53410F~03
4.31707TE-03

4.1T7T0TTE-03
2.64392E-03
1.65720E-03
1.011408-03
5.747T3E=-04

T 2.5906VE~04

0.

44319588E-01
4430624E-01

4¢30624E-01
4,20172E-01
4,08588E-01
3.96032E-01
3.826256-01

3.68491€-01

3.53767E-01
3.38597E-01
3.23126E-01
3,07490E-01
2.918156-01
2.76217E-01
2.60794E-01
2.45633E~01
2.30809E-01
2.163862-01

2.16386£-01
1.93013E-01
1.71343£-01
1.514106-01
1.33201E-0%
1.166726-01
1,01757E-01
8.83792E-02
Te66166E-02
6.57T92Z0E-02
5.63883E-02
4,80959E~02
4,08057E-02
3.445156~02
2.88107E-02
2.39056E-02
1,96041E-02
1.58199E-92
1.24726E-02
9.437265-03
6.793145-03
4.32034E-03

4.320345~03
2.74284€-03
1,72196E-03
1.05156E-03
5.97873E-04
2. 695585204
Te

4.1T366E-01
4,16806E-01

4. 16804E=01
4. 07880E=-01
3.97476E-01
3.85868E~01
3.73282E-0]

4.00843E-01
4.00618E=-01

7.30168¢ 00

7.13741F 00

4,00418E-01
3.95523E-51
3.87B91E-01
3,78238E~01
3.67G77E-03

3.59904E-01
3.45904E-01
3.31438E~01
3.15550E-01
3.01672E-01
2.86627€-01
2.71625E-01
2.56763E-01
2.421296-01
2.27796E-01
2.128328-91"

2.13332€-01
1.911198-01
1.69993E-01
1.505C0E-01
1.32646E-01

14163978017

1,01 700€-01
8.84T86E-02
T4 66657E-02
5.61046E=02
5.675395=02
4,848955=-02
4412076E-02
3e4B8061E-52
2.91863E-02
2.42534E-02
1.99177€E-02
1.60944F-07"
1.27036E=-02
9.6698TE~G3
6.92021E-03
4,38239E-03%

T3.54785€-01

3.41551E=01
3.27904E-01
3.13726E-01
2.99308E-01
2.86760E-01

7.13741E 00
T.3B749E€ 00
7.58483E 00
7.73253E 00
77843745 00

JB9160% 00
7.90923f 00
7.88965E 00
7.83583E 00
7.75061E 00
T.636T1E 00

2.TOZ13E-01
2.55718E-01

T2.41551€-01

2.27625E-01
2.164084E-01

TL496TSE 00
7+33319E 00
T.14839E 00
6.94%54F 00
6.,72371E 09

2,.14084E-01

6.72371E 50

1.919356-01 6.,37077¢ 80
1.TL146E-01 6.01601€ 00
‘1.51852E~01 5.65315E 00
1.34105E-01 5.31539E 00
{,17902E-01 &.97532€ G0
1.03204E-01 4.64511F 0C
8.,99489£-02 46.32645FE 60
TeBUST2E-02 4.02065F 30
6,74393E-02 3.,72866F QG
5.79989£-02 3.45114E OO
4.96364E-02 3F,18B4GE OO
4,22513E-02 2.94079E 00
3.57443E-02 2.7081ZE 00
3.00187E-02 2.49029E 00
2,49311E-02 2.28701€ 69
2,05423E-02 2.09792E 00
,.GEI?EE -02 4.9§i§§?’00

«31249E-02 1.760S7S 0O
9 986135-03 1.611398 ¢35
7.122755-03 1. 4T7457F 00

4,45306E-03

4.38239E-03
2.80346E-03
1.76611E-03
1.080475-03
6.149255-04

4.45306E-03
2.87654E-03
1.77424€-03
1.08459£-03
5. 17270E-D6

1434968E 00

1.34968E 00
9.35335E-01
| 5.357566-01
4.16050E=-01
2.498385-01

2.TT375E-04
Ce

2.784522-0¢
0.

1.156686E-01
OO

0L



GROUP FLUXES

Teble (0,6,

2100 Mwd

A, NO. GROUPS 1~ 9@ - B N HE-IR 33 G:.oup Fluxes, 210 B
1 5,42128E=01 2.02515E 04 1.80754E DO 1.72056F 08 1.22435F 00 1.07793€ 00 B8.586052E-01 T-32622E~01 6,722928-01
2 5.43129E-01 2,02958E 00 1.81194E 00 1.74440€ 00 1.,22702F 00 1.08313E 00 8,577176E~01 7,33848E~01 &.73512€6~01
3 5.4613¥E~01 2,04290F 00 1.82516E 00 1.75594EF 00 1.23502€ 00 1.0B673F 00 8,629526~01 7.38127E~01 6.77169E-01
4 5,51168E-01 2,06519E 00 1.84733E D0 1,77530F 00 1.24839E Q0 1.09776E 00 8.T1595E~01  7,45262E~01  6,B3247TE~01
S 5.,58251E-01 2.09661E GO 1.87862E D0 1.80253E€ 080 1.26721E GO 1.11325€ 00 8,83727€~01 71.55258BE~01 6.91720E-D1
6. 5.67425E-01 2.13736F 00 1.91931F 00 1.83780E 00 1.29159€ 00 1.13324F 00  8.99381fF-G1 7.6B8117E-01 7.02546E~01
T 5.7BT40E~01 2.18774F 60 1.96976E 0C 1.88132E 00 1.32164F 00 1.15T77E 90 9,18593E-D1 T.83841E~01 7.15660E-01
8 5,92260E~01 2,24B06E OO 2,03039E 0C 1,93332F 00 1.35754E 00 1.1B690E 00 S.41407E-01 8.02419E-01  7.30964E=01
9 5.08080E~01 2.31876E 00 2.10174E 00 1.994I0F 00 1.39548F 00 1.22068E 00 9.6786T6-0L B.238316-01 7T.4B83216-01
10 6,2562276~01 2.40030F Q0 2,18442F 00 2,06398F 00 1.4%765E 00 1.25917€ 00 9,980LT7E~01 B8.48032E-01 7,67534E-0}
11 8.46864E-01 2,49324E 06 2.2791%€ 00 2.14333F 93 1.502%92F 00 1.30239F 00 1.03190F 00 B.74949E-01 T.88326E~01
12 5,46864E-01 2,89324F 06 2,27919F 00 2.14333E 00 1.50232€ 00 . 1.30239E 00 1.03190F 60 8,74949E~01 7.88B326E-01
13 6,65695E~01 2.58198F 00 2.37798E 00 2,22242E 60 1.55735F 00 1,34481E 00 1.05868E DO B8,95231E-01 B, 11694E-01
14 6,B6704E-01  2,6B522F 00  2.49642E 00  2.33714E 00 1.62341F 00 1.39491€ 00 1.08940F 00 9.207156-01 8, 38850£-01
15 7.09944E-01 2.80330F 00 2.53537€ 00 2.42764E 00 1.70D062F 00 1.452%1F 00 1,12342E 00 9.47852E-01 8,869990E-01
16 7.35485E-01  2.93673F Q0 2.79604F 00 2.556426F 00 1.78925%€ 00 1,51702€ G0 1.15991E 00 9.77012E-01 9,05422E-01
17 7:35485F-01 2.93673E 00 2,79604E 00 2.55&26F 00 L1.7B8925F 00 1.51T02F 00 1.15991F GO 9.77012E-01 9.05422E-01
18 7.46353-01 2.99132F 00 ,z B5215E DO 2,%0283FE 00 1.82253F D0 1,54161E 00 1.18089E 00 9,93589E~-01  3.13640E-0}
19 7.57436E~G1 3.04581F €0 2.90759E 00  2.85035E D0 1.85506F 00 1.56554Et 00 1.201376 B0 1.000964E 08 9.21603E~01
20 7,68745E-01 3.100276 00 2.96245FE 00 2.69687E 00. 1.88687€ 00 . 1.58884F 00 - 1.22140F 00  1,025196 00 -9, 29303F~01
21 T.B0290E-01 3,15476F 00 3,.01680F DO 2.74247€ 06 1.91802E DO 1.81154F 00 1.24099€ 00 1.04026E 00 9.347308-01
22 7.80290E-01 3.15476E 00 3.016B80E 00 2,74247F 00 1.91802E 00 1.61154E 00 1.24100GE 00  1.04026E€ 00  9.36F30E~0}
23 7.86667E-01 3.18515F 00 3.04937F GO 2.76B832F 00 1.93585E 00 1.62435€ 00 1.25023F 00 1.04735E 00 9,#2209E-01
24 1.92899E~G1  3.,21486F 0C 3.08122E 00 2 79351E 00 1.95331FE 00 1.63691E 00 1.25929E 00 1.05431F 00 9,%7602E-0)
25 7.98998E-01 3,243%4F 00 3,11238E 00 2,81838E G0 1.970%42F 00 1.6%922E 00 1.26B18F 00 1.06114F 00 9.52908E-01
26 B.04973E-01  3.27245F 00 3.14293€ aq,,z 84269E 08 1.98719E OC 1.66131F€ 00 1,27691F 00 1.06786E B0 9.58125E-01
27 B.O49T3E-01 3.,27T245F G0 3.14293E 0C 2.8¢426BF 00 1.9B719F 00 1.66131F 00 1.27691F G0 1.06786E GO 9.%58125E~01
28 8,13013F~01 3.3108B7€ 00 3.18406F 00 2.87545F 00 2.00981iE 00 1,67766E 00 1.28872F G0 1.07696% 00 9.6521%9E-01
29 8,20707E-01 3.34770FE OO 3,22349E 00 2.90693EF 00 2,03155E 00 1.69342F 00 1,30013€ GO 1.08578E 08 9,72111E-01
30 8,28090E-01 3,38310F 00 3.26138E 00 2.93725E 0O 2.05249E& 00 1,70864E 00 1,31115E 00 1.09428F D0 9.78799E~01
31 8.351926~01 3.41721E 00 3,29790F 00 2.96650F 00 2.07270¢f 00 1.72335€ 00 1.3218B0F 00 1.10253E 00 9,852B1E-01
32 8,35192E~01 3,41T21€ OO0  3,29790F 00 2.96650f D0 2.07270E 00 1.72333E 00 1.32180% 00 1,10253E 00 9.852B1E-u1
33 8.41962E-01 3,44982F 00 3,33281F 00 z 89457E 03 2.092D&F 80 1,73749E 00 1.33206F 00 1.11047€ 00 9,91554E-01
34 8,48336E~01  3,48065€ 00  3,38580E 00 3.0Z111E 00 2,11044E .00 1,7S096E 00  1.34185E 00  1.11809E 00 9,97590E-01
T35 8,54350E~01 3.50984F 00 3,39704FE 09 3.04637¢ 00 2.12791€ OC 1,76382f 00 1.35121€ 00 1.12538E 00 1.0D339€ GO
36 B.H0D39E~01 3,53756F D0  3.42676E 00 3.07043E 00 2.14455F 00 1.77610F 00 1.36015F 00 1.13236E 80 1.00836E 6D
37 B.60039E-01 3,53758E 00 3,42876E 00  3.0T043E 00  Z.14455F G0 1,7F6i0E 00 1.36D15E 00 1,13236E 00 1.00895E 00
_38 8.70123E-01 3.58721E€ 00 3,47995€ 00 3,11391E 00 2,17466F 00 1.73855€ 00 1.37658E 008 1.14527E 08 1.01938E 00
39 B.TB4T1E~D1  3,62906F 00 3.52487¢ 00 3.15116f G0 Z.Z00S50F 00 1.B1813€ 00 1,39102E OO0 1,1%673F 00 1.02872E 00
40 8,B5341E-01 3,66431FE 00 3.56281F 00 3.,18307E 00 2,22266F 00 1.83516F 50  1.40364E 00 1,1658%€ 00 1.03707E 00
41 8,90953E-01 3.69394E G0 3.59489F 00 3.21036EF 00 2.24146F GO 1.41462E 00 1.17569F 00 1.0444%45f 00

1.84991¢

00

1941



42 B.90953E-01 2.69394F OC 3.594B9% 00 3,21037E 00 2,243656EF 00 1.8499i5 00 1.41462E 00 1.17569% 00 1.00445¢ 00
43 5.051576-01 3.71733E 00 3.52039F 00 3.23261E GJ3 2.25719F G0 1.86223E O3 1.42387E 00 1.18323L 00 1.05085E OO
44 B.97797E-01 3.73377E 00 3.538608 00 3.24929E 0C  2,26891E 00 1.87193E 00 1.43127E 00 [.18942€ 00 1.05523¢ 00
B E.GO06E<01 . T43STE 00 E.55005F GO 3.26095E 00 2.277L7E G0 L487921E 00 1.43695E 00 1.19432E 00 1.06065E 90
4% B.98958E-CL 3.74845E 00 3.65596F 00 3.26798F 00 2,28227€ 00 1,88425E 00 1.44103E 00 1.19802E 00  1.06414E 00
47 B.96958E-01 3.74B45E OO 3.65596F 00 3.26798EF 00 2.28227E 00 1.88425F 00 1.44103E 00 1.19B028 00 1.06415€ 00
48 8.97632E-01 3.T4739E 00 3.65591F 00 3,27058E 00 2.28431E 00 1,88T13E 00 1.,44357E 00 1,20056E €3 1.08675E 00
%9 F.O5HEGE-01 3.74006F OO 3.6E016F 00 3.256798 00 2.29334FE 00 1.86791F 00 1.44462% 00 1.,20198E 00 1.06832€ 00
SO 5.91257E-01 3.72894E 00 3.63880F 00 3.26272% 00 2,279445 00 1.8B565E 00 1.44422% 00 1.20235E 90 1.98947E 90
61 8.8562126-01 3.71153E 00 3.62L75E 00 3.25236E 00 2.27260F 00 1.B8E3%1E 00 1.4%2428 00 1.20170E 00 1,06968E 20
52 8.86212E-01  3.71158F 00 3,62178F 00 3.25236E 00 2.27260F 00 1.88341E 00 1.442642€ 00 1.20170€ 00 1,06968E 00
53 8. 83246601 3.700G7E 00 3.511258 86 3,24567F 00 2.26814F DO 1.88109F 00 1.44103E 30 1.201038 00 1.06952E OO
54 B.B0024E-01 3.68924E 00 3.59957E 00 3.23811E 00 2.26309E 00 1.878358 00 1.43935E 00 1.20015E 00 t,06920E 0C
5% 8. T653TE~01 3.67636F 00 3.58670F 00 3.22954% 00 2.25741E 00 1.87521F 00 1.437388 00 1.19906€ 00 1.056872E 00
56 5.72T74E-01 3.66228E 00 3.57258F 00 3.22025% 00 2,25111E 00 1.87365E GU 1.43513¢ 00 1.19777€ 00 1.06810E 00
Y RT3 TIAECHT  3.662285 00 5.57258F 00 3.22025E G0 2.25i11F 00 1.8TI65F 00 1.43513E 00 1.197?7E 00 1.06B10% 00
58 B.6T954E-01 3.64407E 00 3.55427F 00 3.20796E 00 2.29284F 00 1.8569LE 00 1.43209E 00 1.19599E 00 1.06718E 00
60 B.62838E-01 3.62459F 00 3.53466F DO 3.19469F G0 2.23391E 00 1.861728 00 1.42874E 00 1,19399% 00 1.06808E DY
60 B.57402E-01 3.60373F 00 3.51362E 00 3,18038E 50 2,22426€ 00 1.85607E 00  1.42507¢ 00 1.19177E 00 1.06483E 00
61 B.516225-01 3.50138E 00 3.49104E 00 3.15495¢ 00 2.21384E D0 1,84995E 00 1.42108F 00 1.189358 00 1.06343E 00
52 5.51622E-01 3.58138E Q0 3.49104E 00 3,16495E 00 2.21384€ 00 1.84995€ 00 1.4210%E 00 1.18935E 00 1.06343€ 90
53 B.460S1E-01 3.56240T 00 3.462608 00 3.14494FE 00 2.20039E 00 1.84191E 00 1.41554E 00 1.18592E 00 1.05155¢ 00
856 B,37659E=01 3.5282YE 00 ;_5;8625 00 3.12802E 00 2.18903E 09 1.83490F 00 1.41063% 00 1.18274E 00 1.,05967€ 00
65 B.32327E-G! 3.50862E 00 .«1959& 96 3.1i4l1E 00 z.;797¢ D0 1.82892E 0U 1.4D637E D0 1.17985€ 40 1.05779E 00
56 8,280602-01  3,49343F 00 3 .40521F 00 2,10317€ 00 172445 00 §.323985 OC  1.402768 00 1.17725E 0 1.05594E 90
87 R.24B355-01 3.48263E 00 3.3?538& 50 3035188 00 2.15715% 00 1.52006¢ 00 1.399798 G0 1.17495E 00 L.05413¢ 00
68 B.22632E-01 3.4761LE GO 3.39001€ 00 3.08999E 00 2.16381F 00 1.81715£ 90 1.397458 00 1.17295E 00 1. 05237E 60
63 8.21431E-01  3.473318 00 3.389035 00 3.05764E 00 2.16239E 00 1.81526F 00 1.39574E 00 1.37124E 00 1,05065€ 00
70 B.21217E-01 3.47565F 00 3.3923BE 00 3.0880SE G0  2.16287E Q0 1.81429E 00 1.39%63E 00 1.16981E 00 1,04896E GO
7% Bo21973E-01 3.4B160E 00 3.40000F 00 3.09119F 00 2.165208 00 1.81429E 00 1.39411€ 00 1.16865E 60 1.04730E 00
72 B.29687E=0L  3,49159% 00 3.411856 00  3.09700% 00 2,15936F 00 1.81520€ 00 1.39415 00 1. 16772 00 1.04564E 00
15 B.263475-01 3.5055TE 00 3.427H7E 00 3.10544% 00 2.17556E 00 1.81700E 00 1.394738 00 1.18730E 00 1.043972 00
T4 £.29943E-01 3.52351F 00 3.64808F 00 3.115465 03  2,133128 00 1.81966% 00 1.3958CE 00 1.18655E 00 1.042252 00
75 8.29943E-01 3.523351F 00 3.468065 00 3.11646E 00 2.163(2E 00 1.8196%E 00 1.39580% 00 1,16645E 00 1.04225E 00
75 8.31598E-01 3.53174% 00 3.45743E 0O 3.32152E 00 2,136595 00 1.82085% 00 1.39527E 00 1.16620F 00 1.04141F 69
77 B, 33065601 3.93925E 00 3.46807E 6G 3.12505€ 00 2.1B991E 00 1.82185E U0 1.39659E 06 1(.16537E 00 L.04051E 00
78 8.344165-01 3.54510F 00 3.47402E 00 3.13010E 00 2.19280F 00 1.3228%E 00 1.39577E DU 1.16545E 00 1,03956E 00
19 B.356036-01 3.55235F G0 3.481365 00 3.13349% 00 2,19538f 00 1.82323F 00 1.39682F 00 1.16492E D0 1.03854E€ 00
80 8,35603E-01 3.55235E 00 3.4B136F 00 3.13369% 00 2.%9536E 00 1.82323E 00 1.396828 00 1.15492E 9C  1.03854E 00
61 B.36999E<01  5.56060E 00 3.49053% 00 34137588 06 2.19544E D0 3.E236BE D0 1.39652E 00 1.15400E G0 1.02895E 00
§2 5,380196-01 3.56605E 00 2.49803E 00 3.14986F 00 2.20069¢ NC  £.32382E 00 1.39807E 00 1.16284E 00 1.03523E 0O
83 B.3B593E-01 3.5705%E GO 3.50402E 00 3.14274E 00 2.20220F 00 1.32308E 0C (.395198 00 1.16147E 00 1.03335¢ 00
84 B.390545-01 2.57389E 00 3,50865¢ 00 3.14362E 00 2,20303F 00 1.82209€ 00 1.39400F 00 1.15987E 60 1.03131€ 00
55 B.35054E-01 3.57389E D0 3.50865¢ 00 3.14362% 00 2.20305E 00 1.82209¢ 00 1.39400F 00 L.15987E 06 1.03131E 09
86 B.39053E-01 3,57562F 00 3.51170E 00 3.14333E 00  2.20309E 00 1.820598 00 1,39245€ ecrﬁl.laqgggfea 1.92910E 00
BT 8.38646E-01 3.57561F 00 3.51295E 00 3.14173% 00  2.20226% 00 1.83852E D0 1.39931E 90 1.15590EF 00 1.0267CE OC

[AAS



88 8,37863E-01
89 8.36729E=01

90 B8.36729E-01

91 8.33289E-G1

92 8,282258~01
93 8,21737E-01

3,57T44008 00
3,57089E DO

3.57989€ 00
3,55957€ 60
3,54156E 00
3,51739¢ 00

9% B,13B54E-01 3,48730E 00
95 B.138564E~n1  3.48730E 00
96 8,04663E~01 3,451 70E 0O
T97 T.94194E-C1  3,41071E 00

98 7.82378£~01
T 99 7.59108E~01

100
101
102
103
104

7.54621E-01
7.39044E~01

7.22186E~01
7.03824E~01

7.03834F-01
6.941156=01
107 6.841356-C1
108 4.73852E-01
109 6.63235E~01

165
106

110 6,63235E-01

TI1 6.523608-01
112 6,41261E-01
113 6.299078-01
114 6,182696-01

115 6, 18289661

116 6.06418E=-01
117 5.94383E-01
118 5.82137E-01
119 5.69651E-01

120
121
2z
123
124

5.69651E-01
5.49393E-01
5,2996TE=01

%.33481E-01

1254, 7636 (ELRT

126
127
128
129

130
131
132
133

4,59951FE-01
4,442256~01
4,29156E-01
4,14720E=01

4. 00994E=01
3,87653E-01
3, 74978E-01
3.,628675-01

7,691 08E~01

5.11380E-R1

3.36403E 00

3.311I8E 00

3,31118€ 0D
3.25323¢ 00
3.19074E 00

T3,12285E 0G
3.04855F 00

"3,04855E 00

_3,00917€ €0
2.968656E 0O
2 926B8E 0O

L883869¢ 00

2.88369F 00

2.83942F 00

2,79424E 0O
2.74799E 00
2.70055E 0G

2.653225€ 0D
2.60321E 00
2.55329E 00
2.502398 00

2,50239E 60
2,42067F 00
2.34235E €D
2.26731E ¢
2.195%2F 00
2.06063E 00
1.59781E 09
1,93728BE 0C
1. 879598 00
1.82445E 00

1.721508 00
1.673528 00

7 TO0%SE 0%

T 12658 T¢ T

L. 77178 00

__3.51285€
3,510862¢E

34510 62E
3,531 48E
3,48540F
3,46299¢

_3e43451E

3.,43551E
3.40038E
3,36075€
3.31528E

3.263448

3.263448
3,206318
3.14456E
3,677 E5E
3.003288

3.003288
2.96392€
2933408
2.88157¢
2.83825€

2,83825E
3,793808
2, 748461
2,70192E
2.55419F

(2.65419E

2,605538
2.55610¢
2.505 78
2.45642E

Z2.45442F
2.37465¢E
2.,29822F

2.22499F

2,15487E

2L08TTIE

2,02348E
1.96701¢
1.90322€
1.84703¢
1.79334E
1. 74308E
1.693168
Le646508

80 _3.03802€ 90

T4 T{.96582F G2

08  3,13890F 00
00 3.134%3E 07

00 3.13493F Q0
86 3.12307F 2D

00 3.10609E 00

50 3.0843%4E 00

00 3.05802E 03

90 3,02741€ 00
60 2.99262E 00
00 3.95345¢ 00
00 2,9095%€ G0

00 2.9%0953& OO0
00 2.86168E 00
N0 2.81033E 00
60 Z.75495E 06

2.20061E 00 1.81590E 00 1.3B820F 00 1.153536 00 1,02412E 00
2,196206 00 1.81277F 0 1.38553F 00 1.15089E 00 1.02134E 00
) 2.19820F 00 1.81277E 00 1,38553F 00 1.15089E 00 1,021388 0O
2.19074E 00 1.80477€ 00 1.37899€ 08 1.14478€ 00 1.01524E 06
2.179876 GU  1.79448€ 00 1,370888 00 1.13755F 00 1,00834F 00
2.15583E 00 1.78203F GG  1.36126E 00 1.12922E 0C 1.00065E 00
2.14876% 00 1.76749€ 00 1,35019E G0  1.11984E 00 9, 92196E-01
2.14876E 06 1.78T49E G0 1.35019E GO 1.11984€ 00 9.92196E-B1
2.12887E 00 1.75099E 00 1.33774E 00 1,10943E 00 9.82994E-01
2.10676E 00 1.73257E 00 1.32394E 00 1.09803E 00 9.73060£-01
2. oaosqevggnfgfsz1ss 00 1,30882E 00 1.08563E 00  9.62403€-01
T2.,8%5237E 00  1.58973€ B0 1,29227E 06 1.G7221E 00 9.510356-01
(2.05227€ 30 1.68973E 00 1.29227€ 00 1.07221E 08  9.51035E-01
7,02133E B0 1.66557¢ 00 1,27458E5 00 1.05795E 00 9.39080E-01
1.98803E 50 1,63990F 00 1.25585€ 00 1,04291E 00 9,28553E-01
1,95729E 00 1.61353E 00 1.235998 00 1.02705E G0 9,13472E-01
1.91354€ 00 1,58324E 00 1,21492E 00 1.01036E 00 8,99862E-01

DO 2.69476E 00

00 2.59478E OO

30 2.66300E 00

T1.91354E 00

1.58324€ 00

1,21492E 00 1,

1.01035E 00

8.99862E~01

G0 TE.6304LE 00
00 2,59683F 00
86 2.56233€ 00

08 2,56233F 00
64 2.52700€ 93

B0 Z.49102F 00

B0 2,456298 00

G0 2.41673E 00

TO0 z.41873E OC

00 2,37855E 00
00 2.33990E 00
00 z 310067€ 00
50 2.26078€ 00

00 2.26078E 00
00 2.19741E 90
80 2.1362TE 80
80 2.07¥328760
00 2.920%2E GO

DO 1.91318E 29
00 1.36754E 00
00 1.B81386E O
60 1.76711E GB

1.89313€ 00 1,56797E 00 1,20401E 00 1.00L77E 00 8,92916E-01
1.87224E 00 1.55239€ 00 1.19290E 00 9,930325-01 8,B5883E-01
1.85079F 08 1,53646E 00 1, 18158E 00 9,B4152E-~01 8,78761F-01
1.82872€ 80 L,52016E 00 1.17003E 00 9.751296~01  B.71551E-03
1.82B726 00 1,52016F 00 1.17003E 00 9,75129E~0L 8, TL581E~01
1.80621€ 30 1.5036GE 60 1.15835E 00 9.660156~01 8,64322E-01
1.78335€ 00 1.48683E 00 1.14656F 00 9,56822E-01 8,57043E~01
1. 76009 00 1.46982F 50 1.13463F 00 9.475526-01 8,49732€-01
1.736355 00 1.45256E 00 1,12258E 00 9.3B204E-01 8,%2396E~01
TT3635E G0 1.45356E 00 1,12258€ 00 9. 38204601 8. 42396E-01
1.71231€ 00 1,43514E 00 1.11048E 00  9,28833E-01 8,35074E=01
1.68B06E 00 1,41761E G0 1,09834E 00 9,19451E-01 8,27769E-01
1.66354E 00 1.39998E 00 1.08618E 00  9.10061£-01 8,20490E~01
1.63B69E 00 1.38216E 00 1.07397E 00 9.00667E-01 8.13245E-01
1.63B69E 00 1.38216E 00 1.07397E 00 9.00867E~01  8,13245E~01
1.59968¢ 30 1.33399E GG 1.05309E 00 8.84536E-01 B.02975E-01
1,552456 OG  1,325845 00 1,03307E 00 B8,68854E=01  7.92934E-01
1.527080€700 1, 300726 B0 1.01391f 00 8,53650£-01 7.83176E-01
1.49233E 00 1.27565F (0 9,95637E~01  B.3B948E-01 7.73751E-01
T 561438 60 Y. 25165F 00 9.78279E-01" 8, 24789601 7,54 T05E-01
1.431298 00 1.22872E 0O  9.618526~01 8,11133E-01  7.56084E-01
T1.40291F 00 1.20689E 00 9.4537T4E<G1 7.98053E-01 7.4T929E~01
1.37631E D0 1.18616F 00 9.3L867E-01 7.35540E-01 7,40282£-01
I.35147E 68 1.16654€ 00 9 {835TE-01 7.73605E-01 7.33180E~01
1.32842E 00 1.148056°00 9.05847E-01 7.622516-01 7.266562€-01

800 1,72224E 090

60 1.ETY20€E 03
00 1.637986EF 00

09 T 1.59848€ 00

1.38716E 00
2B770¢ 00

2T006E OO

1.13068E 60

1 116465 Qs

8. 83968E-01

e.qaavasnef

7.51482E~01
Ts 41295E-01

T, I TH6E-0]
7.15526E~01

7.10981€~01

LT



4 3,5126406-01
5 6013°E =01

136 3.401395-01
137 2.975855-0%
138 2,50481E-01
13% 2,28111€-01
140 1.99853E-01
T141 1. 751698501
142 1.53598E-01
143 1.34T30E-01
144 1,18221E-0%
145 1.037665-01
146 9,11016E-02
147 7.999898-02
148 7.025856-02
149 6.170716-02
150 5.41935E-02
151 4.759595-02

152 4,75859E~02
153 3,81707E-02
154 3,06508E-02
155 2.46374E-02
156 1,98230£E-02
157 1.5966405-02
158 1.,28673E-02
159 1.03796E-02
160 8,376715~03
164 8,767586-03
162 5,458718=03

1635 4,420215-02

164 3,57259E-03
165 2.896228-03
166 2,32929E-03
167 1.87623E-03
168 1,506475-03
169 1.20335E-03
170 S.53373E-04
171 7.45552E=-04
172 5.70863E-D4
173 4.21€41E-06

174 4.21841E-04
175 3.25233E-C4
176 2.434S0E-64
177 1.72911E-04
178 1,10557E-04

179 5.37197€-065
180 O,

1,62777E €O
1.58419E 00

1.58419E 00
1.4202BE 00
1.273078 00
1.140888 00
1.02222E 00
9.15714E-01
8.20141E-01
7.34389E-01
6.5T461E~01
5,88455E-01
5.26560E~01
4. T1046E-01
4.21254E-01
3.76593E-01
3.365351E-01
3.005B8E-01

3.0058B8E-01
24479935-01
2.,04552E-01
1.68683E-01
1,39072E-01

1.14633E-01

F.,44649E-02
7.70230E-02
6.40908E=-02
5.27586E~02
4.34046E-02
¥,56806F-02
2.92980£-902
2.60187E-02
1.966450£-02
1,60135E-02
_1429882E-02
1.04562E-02"
8.322695-03
6.508375-03
& 4,945 B1E=-03
3,5T728E~C3

3,57728E-03
2.650805-03
1.91764E-03
1.32440E-03
8.29481E-04%

3.979495-04

O.

1.60204E d0O
14559T1E 00

1.55971E 00
1.38617E 30
1.23293E 0O
1409740 30
9,TT368E-01

B8.70921E-0¢

7.76616E-01
6.9242RE~01
6.177208-01
5.51215E-01
4.91972E-01
4.3916T5~01
3.92079E-01
3.500726-01
5,125896-01
2.79138E-01

2.79138E-01
2.30356E-01
1.90061E-01
1.56783€-01

1.29305E-01

1.06619E-31
8.75920E-02
7.24331£-02

5.967215-0
4.913698=-02
4.063738-02
3.325026-62
2.73086E-02
2.239126~02
1.83148E-02
1.492728-02
1,210186-02
ST31716-03
6.022845-03
4454162503
3.23144E-03

3.231445-0%
2.33791£-03
1.65871E-03
1,12873E-03
6.99683E~04

3.33462E-04
C.

9. 732945073

1l.56072E 0D
1,526645 €0

1.52464E 00
1.34044E 00
1.1B100F 00 1
1.04249E 00
9.21747E-01

8.161675-01
Te235932-01
6.62222E-01
5.,705445-01
5.0728LE-0%
4.51351E-01
4.01831E-01
3.57931E-01
3.18973E-01
2.84369E-0}
2.936145-01

2.53614£-01

1.24034E 00

1.25427 00
1.24034E 00

4 20854%4F 00
1,072856€ 33

1.07266E 00

. T222566£E-01 _
T.162028-01

_7.07187E-01
7.04121E-901

8.59350€-01

Te14202E-01

T.04121E~-01

1.15909E 00 1.00206F 00 8.20888E-01 6.727TTE=01  6.796288-01
1.06931F 00 9.30203F-01 7.75157E-01 6.31714E-01

9.7T467E-D1 B,58278E=01 7,25235E-01 5.9046BE-01 £
8.87606E-01 7.875B8€-01 6,733945-01 5.49237E-01 5.743145-01
8.021198-01 7.19266E-01 5.212195-01 5,08380E-01 5,352156-01
Te22309E-01 6.561B9E-01 5.70244C-01 4,68413E-01 4,960826-01
5.48759E-01 5.92961E-01 5,2105LE~01 4.29798E-01 4&.57658E-01
5.61638E-01 5.,35947E=01 4,T4364E=01 3,92919£-01 4,704988=-01
5.207728-01 4,83310E-01 4.30508E-01 3.580656-01 3,85013E-01
4.65B65E~01 4,35094E~01 3.89761E-01 3,25633E-01 3,51491E=01
4 16528E-01 3.91109E-01 3.52196E-01 2.95136E-01 3.20128E-01
3,72331€-01 3,51274E-01 3,17809E-31 2.67218E-01 2.91042E-01
3,32847E-01 3.153386~01 2.856537E-01 2441673E-01 2.54290E<01
2.97558E-01 2.B3059E-01 2.58273E- Qi  2,1B448E~01 2,39893E-0L
2.65%20E<0% 2.54382E-01 2,32890E- 1e976645-01 2. 17842E~01

2:65420£-01 2,541 82E-D1

2.32890E-01

1.974648-01

2.17842E-01

2.087C3E-31 2.20379E-01 2,11232E-D1 1.94619E-01 1.65617E-01 1.84133E-01
L.71849E~01 1.B2060E~0% 1.75161E-01 1,62085E-01 1.38375E-01 1.54726E-01
1o61557E-01 1.50282E-01 1.45013E-01 1.346428=01 1.15258E-01 1.29440E~01
1.16630E-01 1,23984E~01 1,19908E-01 1,11625E-01 9.576838-02 1,07917E-0;
9.61035E-02 1,02250E-01 G.90559E~02 9,24034E-02 7.941965-02 §,97335E~02
7.91847E-02  £.42998E=02 8.17724E-02 T,64005£-02 6.57596E-02 7. 445662
6.52376E-02 €.94TIFE=02 6.74623E-02 5.310756-02 5.93796E-02
5.37363E-02 5.72453E-02 3,56242E-02 5,20824E-02 4.99192E-02

4 42428E-02 4 TI444E-02 4.58348E-02 4. 294726-02 3.70650E-02 4. 21371602
3,94075E-02 _ 3.88020E-02 3,T7397E-02 %,53811£-02 %.05510E-02 23.47592E-02
2 99355E-02  3.19079E-02 3,40432E-02 2.911408-02 2.514956-02 2.86294E-02
2.658649E=02 2.62054E-02 2.5498BE-02 2.39192E-02 2.0666¥E-02 2.35350E-02
2.01556E-02 2.14B15E-G2 2,00012E=02 1.96067E-02 1+894158-02 1.92956E-02
1.64818E-02 1.75599E-02 1.70792E~02 1.50171E-02 1.3B375E-02 1.57585E-02
1.36258E=02 1.42911E-02 1.38892E-02 1.301645-02 1.123956-02 1.279395-02
1.087256-02 1,155258-02 1.321015-02 1,04909E-02 9,06986E-03 1.02916E-02
8.72473E-01 9.237525-03  8.938T3E-0) 8.343L75-03  7.18454E-03 9. 15723E-03
5.89Y9B1E-03  7.25392E-03 6.985735-03 46.48502E- 5,37070E~03 6,30919E~03
5.32543E-03  5.51868E-03 5, 272695-05 4.848875-03" %>14426E-03  4,67635E-03
3.93626E-03 3.95332E~03 3,72977E-03 3.35371c-03 0343695 -93 3.!@@935 -03

246 7COBE=-03

2.6 7008E=0%
1.995605-03
1.45059E-03
1.00449E-33
6.25840E=4

2.478T4E-03

2,478T4E-03  2.29533E-03
1.724586-03  1.60127E~03
1.190975-03 1.30463€-03
7.96058E-04 7.36411E-04

.STJ?QE-O% 4e50071E-C4

2.29533E—0§'

1.92972E-0%

1.92972€-03

5.35<345-03
«37736E-04

"6 L 255145-04

«62253E-04

+5365TE~03  1.82385E~43
1.63657E-03 1.82386E-03
1.16156E-03  1.17199E-03
B.0B4BIE~D4 T, 72843E-04

5.41125€6=00
3,3i155€-0¢

5. 02 B845E-04
3.033776-04

3.02293F-04
Oa

2 31172E-04 Z,128552-04
D U

1.80696E—04
G

0.

1.56649E~04

1.42570E-04
Ge

1748



Ra NG, CGROUSS 10- 18 o
1 E,97B40E=D1 5.82309E-01 5.58343E~01 5.43346E<01 5.41413E-01 5,43223E-01 5.49826€~01 5,54897E-01 5,60575E~01
2 5.98908E-01 5.,83292E-0% 5,59243E-01  5,44196E-01 S5.%2221E-01 5.4399TE~-0) 5.50375E-01 5,55616€-01 5,61265E-01
3 6.02109E-01 5.86236E~01 5,61961E-01 5.46732E-01 5.4463BE-01 5,46316F-01 5.52616E~01 5.57765E~01 5.63327E~01
4 6,078326-01 5.91121F=0) 5,66460E-01 5,50943E-01 S5.48645E-01 5.50157E-01 %.56326E-01 5.61322E~01 5,66738E-01
"5 6,14B57E~01 5.97915E=01 S5.727114E-01 S5.56793E=01 5.54205E~01 5+55483€~01 5.61488E-01 5.866247E~01 5,71457€~01
& B.2635KE-01  6,06567E~01 5,8067TE~D} 5.64237T€-01 5,612686-01 5,52243F-01 5.67989E-01 5,72484E~01 S5.TT427€~01
"7 £.35884E-01 6.1T005E~01 5,902826-01 5.73211E-01 5.69766E~01 5.70367E~01 35,758I7E-01 5.79962E-01 5.B45T73E-0]
B 5,49382E~01 6.29130€-01 &,014436-01 5.B3635€-01 5.798118-01 S5.79767E-O1 5,84865E-01 5,88587E-01 5,92804E-01
9 6.84767E-01 6.42B056-01 6.14050E-01 5.95408E-01 5,906956~01 5,90337€-01 5.95025E~01 5.98250E~01 6.02007E-01
10 6.B19296-01 6.57B50E~-D1 6,27964E-D1 6.08%08E=-01 6,02882E-01 6.01947€=01 6.06172E~01 6.08821E-01 4,12050E~01

11 7,00725E-01

6. T4025E-01

6.430156-01

6,22491E-01

6,16016E~01

6.14447E-G1

6.18180E-01

5,20148E-01

6. 22 T84E~01
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122 7,04381E-01 6.6B160E-01 6.30580E-01 6£.05239E-01 5.96310E-01 5.89696€-01 5,87628E-01  $.84227E-01 5.80651E~01
123 £.95440E-01 6.61875E-01 6.25019E-01 6.00219F-01  5.915606-01 5.85310E~GL 5,83414E-01 5 BO265E-01 5,T6965€-01
124 5.85T01E-01 6.558056-01 $.19645E~01 5.95359E-D1 S5.B7124E-D} 5.B10156~01 5,79275E-01 5,76350E~01 5, 73303£-01
125 8. TBIGTE-D]  6.499BDE<01 6, 144 T9E~01 S, 006 FTE~-G1 “BLRITISE=GT 5.T6§236-01 ’?T?BZI;E‘ST‘“Slvzaﬁft'01 5,696 TIE~01
126 6,69955E=01 6.434318~01 6,09543E~01 5786189E‘01 5,7B443E-01 5,72738E~01 5,71234E-01 5.68683E-01 5,66073E~01
127 6.62000E-01 6.391886~01 6,048576-01 5.81908E<01 $5.74318E-01 S5.687T0E-01 5,67343E<01 5.84940E-D1 8, 625156-01
128 6.54354E-01 6.34280F~C1 6.00439E~01 5.778486-01 5,70350€~01 _§,§53g3§-01 5.63544E-01 5.61263E-01 5.59001£~01
129 6.47035E~01 6.257346-01 5,96309E~01 5.74022E-01 5.66545E~01 5.561205E~01 5.59B450E~01 5.5T654E-01 5.555336-01
130 6.40057E~01 6.2557?6~01 5,92482E-01 5,70440E~01 5.62910E~01 5.57616E~-01 5.56233E~01 5,541156=01 5.52114E=G1
131 6.33432E-01 6,218356~61 5.R8FT4E-01 5.6TLI2E-01 5.59849E-01 5:52159€-01 B5.52722E~01 5.50647E-01 5.48746E-01
132 5.27166E-01 6,18534E~01 5,85801E-01 5,.64048E~01 5,56163E-01 5.508366-01 5.49308E-01 5.4T268E~D1  5.45428E<0)
133 5.21264%E~01 6.157006-01 5.82975E-01 5.81255F-01 5.53055E~01 5.47644E~01 5.459BTE-01 5.83916E-01 5. 42160E-01
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134 6.157272-01 6.13356E-01 5.B0509E-01 5.58739E-01 5,50123E-0]1 5.44561E-01 5.427S6E-01 5.40653E-01 5.389420-01
135 6.10550E-01 6.115308-01 5.T8415E-01 5.54504E-01 5.47363E-01 5.41643E-01 5.39611E-01 5.37450E-01 S5.35771E-01
136 6.10550E-01 $.11530E-01 S5.784156-01 5.56504E-01 5.47363E-01 5,41643£-01 5.39611£-01 5.37450E-01 5.,35771E-01
157 5.841175-01 5.947126-0t 5.615206-51 5.39343E-01 5.27296E-01 5.20151E-01 5.16705E-01 5.13926E-01 5,12174£-01
138 5.55855E-0i 5.72084E-01 5,41030E-01 5,1965656-D1 5.06397€-01 5,983906-01 &,94028£-01 4.907608-01 4,58885E=01
139 5.25820E-01 5.45494E-01 5.17528E-01 4.97T35E-01 4.84412E-01 4.76130E-01 4.7i3138-01 4.67766E-0L 4,63812E-01
140 42044T4E~01 5.162956-01 4.91719E-01  4.73963€-01  4,513575~0L 4.53305E-0} 4.486308-01 4.%48356-01 4,42900E-01
14T 4.624096-01 4.855356-01 %.543376-01 #.58830E-01 4.37418E-01 4.25977E-0L 4.25363E-01 #.21935E-01L  4,20133E-01
142 4.302156-01 4.54048E-01 4.35051E-01 4.22830E-01 4.12966E-01 4.06299€-01 4.02181E-01  3.99095E-01 3,97534E=01
143 3.98420E-01 4.22507E-01 4.07452E-01 3.96661E-01 3.88025E-01 3.82476£-01 3.79009E-01 3,76392E-01 3,75159E-0L
146 3.67466E-01 3,91454E-01 3.79048E-01 3,70094E~01 3,63216E-01 3,58738E-01 3,56003E-01 3.53935E-01 3, 53091E=-01
145 3.377086-01 3.61318E-01 3.51258E-D1 3.44166E-01 3,33741E-01 3,35319E-01 3.33337E-01 3.31850E-01 3.31425E-01
145 3.09416E-01  3.32431E-01 3,24419£-01 3,18973E-01 3,14859E-01 3,12¢34E-01 3.11178E-01 3,10266E=01  3,10262E-01
47 5 B27576-01 3.05041F-01 2.98T94E<G1 2.94771E-01 2.91820E-01 2.9027TE-01 2.89682E-0L 2,89306E-01  2,89699E-01
148 2.57952E-0% 79%28E-01 2.74580E-0% 2.717592-0%  2,696D4E-01 2.59004E-01 2.68979E-01 2.69076E-0L 2,69825E-01
149 2.34988E-01 2.556126-01 2.51913E-01 2.500B1€-01 2.48928E-01 2.4873BE-01 2.4G174E-01 2,49564E-0L 2.50714E-01
156 2.139326-01 2.33364E-01 2.30683E-01 2.29832E-01 2,2929%E-0L 2,29562E-0L 2,30339E-01 2.311326-01L -01  2,326196-0%
151 1.947806-01 2.1321GE-01 2.11534E-01 2.11762E-01 2.10948E-01 2.11517E-01 2.12511E-01 2.135138-01 2.14976€-01
152 1.94780E-01 2.132196-01 2,11534E-01 2.11062E-01 2.10943E-01 2,11517£-01 2.12511E-01 2.13518E-04 2,14978E=-01
153 1.653176-01 1.82146E-01 1.815276-01 1.81812E-0% 1.82259E-01 1,83214E-01 1.944732-01 1.857395-01 1,87400E-08
156 1.39436E-01 1.545315-01 1.54¢7186-01 1,55583E-01 1.56496E-01 1.57775E-01 1.59262E-01 1.607346-01 1, 62536E=01_
155 1.171176-01 1.30361%-01 1.310856-01 1,32343E-01 1.235925-D1 1.35107TE-0% 1.36761£-01 1.38378E-01 1.40268E-01
156 9.79482E-02 1.09459E-01 1.10500E-01 1.11980E-0%1 1.13433E-0t 1,15088E-01 1.16837€=01 1.,18537E-01 1,20457E-01
157 B.165165-02 9.15581E-02 9.27470E-02 9.43136E-C2 9.58551E-02 9.75597E-02 9.93333E-32 1.01055E-01 1.02958E-01
163 §,759228-02 T.63451E-02  7,75651E-02 7.911T6 -oz%,a 05577E=02 B,23374E-02 B,40T40E-02 8.576465=02 8.76060E-02
159 5.63319E-02 5.34921E-02  5.45699E-02 6.61613E-02 THLSLIE-02 6.921405-02 7.08653E-02 7.24803E-02 7.42243E-02
160 4.66561E-02 5.26863E-02 5.37T565E-02 5,51265€-02 ”j_EEQZOE -2 5.79724E-02 5.95042E-02 6.10113E~02 6,26313E-02
161 3. 85798E-07 4.363235-02 4.46126E-02 4,58212E-02 4.70550E-02 #.83948E-02 4.9TB62E-02 5.11641E-02 5,26426E-02
162 3.18511E-02  3.60662E-02  3,692756-02 3,79686E-02 3,90809£-02 4.02707E-02 4. 15119£-02 4.27493E-02 4.40771E-02
153 5. £35076-02 2.97514E-02 3.064953E-02 3.14119E~02 3.23626E-02 3,340216-02 3,4%3918E=D2 3,55853E-02 3.67606€-02
164 2.15361E-02 2.44836E-02 2.51161E-02 2,56969E~02 2.67T121£-02 2.75072£-02 2,855028-02 2,950278-02 3,05288E-02
165 1.77031E-02 2.00855E-02 2.,06157E-02 2.12719£-02 2.19615E-02 2.272319E-02 2.35272£-02 2.434568-02 2.52300E-02
165 1.44576E-02 1.64051E=02 1,634295-02 1,738728~02 1.79626€-02 1,86003E-02 1.92792E-02 1.99733E- 02 2.07280E-02
157 1.173817-02 1.33123E-02 1.366806-02 1.41129E-02 1.45854E-02 1.51140E-02 1.55T39E-02 1.62601E-02 1.689276-02
168 9.432676-03  1.08960E-02  1.09793£-02 1.13371E=02 1.17207£-92 1.215126-02 1.26150E-02 1. 30952E-02  1.3561985-02
189 7 45761E-03 5.460B26-03 5.65152E-03 8.96361E~03 9.269Z4E-03 9.61512E-03 9.990456-03 1,03815E-02 1.08101E-02
170 5.76500E-03 ©6.52565E-03 6.69318E-03 6,91039E-03 7 14929E-03 7.42269E-03 T, 72175E-03 $.035206-03 8.37902E-03
171 4.26066E-03 4.82152E-03 5.94515E-03 5.10736E~03 2G055E-03 5.50318E-05 5.73745E-03 5.9B381E-03 6.,252T0E-03
172 2.898256-03 3.29162E-03 3.37904E-03 3.49498E-03 3.53: 3 53383£-03 73»13102&<957"§_9770a5 03 4.16526E-03 %, 36693E-03
VT3 1.62720E-03 1.B9308E-03 1.94534E-03 2,02257E-03  2.13030E-03 2.25479E-03 2.38933E- 2.52618E-03 2,66506E-03
174 1.627202-03 1.39305E-03 1.94534E-03 2,02257E-03 _2.13020E-03 2.256479%-03 2.3£933E-03 2.52616£-03 2.66506E=-03
178 1.0764626-05 1.14335E-02 1.17076E-03 1,21211E=03 1.27617E-D3 1.393L76-03 1.44172E-03 1,533228-03 1.827728-03
176 7.12774E-04 7.25456E-04 71.32386E-04 7.505526-04 7.84231£-06 B8.27302E-04 8.796236-04 9.34850F- 84 9.93293E-04
197 4.62G79E-04 4.51309E-04 4.60225E-04 6.66249E-04 4.62T61E-04 5.05492E-04 5.34518E-04. 5., 65545E-04 5.99344E-04
178 2.78422E-04  2.747056-04  2.71709E=04 2,730T6E-04 2.80674E-04 2.91944E-04 3.06964E-04 3. 23208E-04  3,61114E-D4
170 1.305276-06 1.252395-04 1.262416-D4 1.26290E-04 1.29219E-04 1.33631E-04 [.40185E-04 1.67032E-04 L1.546938-06
180 0. ¢. 0. 0. 0. 0. 0. 0s 9.
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GROUP FLUXES

. NOs GROYPS 19~ 27
1 S.BB4HE-01 G5.69728E-01 5.73396E=31 5.74493E-01 5,72234E-G1 5.72525E~01 5.75902E~-D1 5,.75318E-01 3,92984E-01
2 5,66127E=01 5,70355E-01 5.73995E-01 5.75064E-01 5,72769E-01 5.73026E-01 5.76361E~01 5.75727E-01 3,93396E-01
3 5,68102E~0C1 5.72234E-01 5.T57B6E-GL 5.T6T72E=01 5.74367E-01 5.,74520E-01 5.77729E~01 5.78344E~D1 3,94660E-01
4 5,71366E-01 5.75339E-01 5.787436-01 5.79592E~01 5.77003F-01 5.769B5E~01 5.79977E-01 5.78938E-01 3,96878E~-01
5 5,758719E-01 5.796286-01 5,82825E~01 5.83486E-01 5.80640E-~01 5,B80380€6-01 5.83056E~01 5.6416566~01 4.002726~01
6 5,81583E-01 5,85G41E-01 5.87974E-01 5.88400E-01 $5.85223€~01 5.84850E~01 5.86897E~-01 5.85023E-01 4.052725-01
7 5,88402E~01 5.91503E-01 S5.981156-01 5.94265€-01 5,90682E-01 5,89721E~01 5.91406E-01 5.8B938E-01 4.12692£-01
B 5.96244E-01 5.98919E-01 6.01155€-01 6.010006-01 5.96932E-01 5.95506E~01 5.96464E-01 5.93274€-01 4.24056&-01
9 B.04996E~01 6.07175E-01 6.08986E<01 6.08509E-01 6,03672E-01 6.01897E~01 &.01920E-01 5.9T873E-01 4.42206E-01
10 6.14528E-0N1  6.15139E~01 5.17480E-01 6.16587E-01 6,113B7E~01 &.0B772E~01 5,07589€-01 6.02541E-01 4, T72409E-01
11 6.24691E~01 6.25660E~01 6.264956~01 b5,25421E-01 6.19348E~01 56,159B8E~01 6.13237€-01 6,07004E-01 5.28431€-01
12 6,24691E-01 6.25660E~01 6,26495E-01 B.25421E~01 6.19346E-01 6,15988E-01 6,132376-01 6.07044E-01 5.24431€-01
13 6.36659E-01 6.367236-01 6.368DTE-D1  6.35221F-01 6,27968E=-01 %.23516E<01 6.19100E-31 4.11357€-01  5.57633E-01

14 6.,48928E-01

6.4 7843E-01

5.46927E-01

5,44532E-01

6.35709€-01

6,29820E~-01

5423903E-01

6.14305E-01

5.77338E~01

15 6.,6102%E~01

16 6,72378E~01

5,58544E~01

17 8.72378E~01
18 6,73923E-01

6.68213E-01

6.68713E-01

6.59501€-01

6.64562E-01

6+56374E=-01

_6.64582E-01

T6.52935E-01

6:59903€-01

6,42078E-01
6.45435E-01

6.34389E-01

5.36558E-01

6. 27056E~01
6.27893E-01

6.15263E~01
6,13510E-01

5, BT575E~-01

5. 90371€£-01

6,65521E~01

&£,59905£~01
6,60776E-D1

5.,46435E-01
6.46881E-01

6.3655BE-01
5 436548E-01

6.27893E~01
6+ 27800E-01

6.,135106~01
6,129T2€-01

5.,90371E-01
5+90275€-01

19 6.754456-01
20 6.77005E-01

6.7Q0788E-01
84 T2074E-01

6.66681E-01
5.67741E-D1

21 6,78542E-01

6.73358E-01

22 6.78542€~01

6., 73358E~01

6.688006-01

6,688005-01

8.61651E~01
5.562530E~01

6. 4T334E-01
6.47791E=-D1

6 .36T45E-01
6.,36847E-01

5. 2TT24E~D1
5, 278651E=01

& 1245 TE-CL
£.11931€-01

5.90150E-01
G 89996E-01

£.53812E=01

T 6.48250E-31

6,36953E-01

6, 2T611E-01

6.11422€6-01

5.89813E-01

6.63412E~-01

6, 48250E-01

6,36953E-01

6,27611E-01

$.11622€-01

5.B9813E~01

73 6.80065€~01
24 5.B1566E~0)
25 6.83G43E<01
26 6.B4495E-01

6,746 28E~-C1

6,69849E-01

5,64290E~01

6.48700E-01
6:.49132E-01}

6.37052E-D1
6.37133E-01

6,49543E-01
6.49930E=01

6.37193E-01
%.37230€-01

6,27558E-01
5.27490E-01

5,10912€-01
6.10388€-01

5.B89593E~-01
5« 89340601

6,274038-01
5.27297E~01

6.09845€-01
6.09281E=01

5.89054E-01
5.88734E-01

37 6.85495E-01
28 &,86480E~01

29 &,88417E~01
30 5.90304E-01

31 6,92137E~01

5.49930E~01
6. 50446E=-01

6.37230€-01
5.37258E~01

6.27297E-01
6.27125E-01

6,09281E~-01
5,084564E-01

%2 88734E~01
5. 88243E-01

6,50936E-01
6.51392E-01

£.37265€E-01
6.37244E-01

5.,26937E£-01
b5,26726E~01

6,076386~01
6,06796E-01

5.87720E-01
5.87162E~0}

6.5{808E~-01

6,37188€-01

6.26486E-01

6.05929€~01

5. 886585E~-01

32 6.,%2137E-01

33 6,93326E~01
34 6,95664E-01

35 §.97348€E-01
36 6,9B974E-01

6.51B0BE~D)
6.52231E~D1
5. 525T$E=G1

6+371 88E-0)

6. 28485E-01

6.05923E~01

5.86565E-01

5.3710%E-Q1
6.37024£-01

6,2622%E-01
6.25966E=-01

6,05034E-01
5.,04153€E=-01

5.,85938E~01
5.85308£~01

66E~0)  6,75874E-01  6,70877E-01 5.65150€-01
£.77102E-01 6.71883E~01 ©6,55989E-01

95E~01 6.78302E-01 5.728856-01 6.66807E-01
§. 78302601 &.72863E-G1 6.65607E-0L
6. 79942601  6.74204E~01 6.679196-01
6.81539E-01 6.755056-01 6.68998E~01
6.83089E-01 6.T6763E=01 6.T0040€-01
5.84589E~01  6.77975E~01 6.71039E~01
5,84589E~01 6.77975E-01 6,71039E~01
§.86052E~01 5.791556-01 6.72011E-01
6:87471E~01 6.BO2FME-GL  6.72952E-61
6.89843E-01 6.814006-01 6.73857E-01
6.90163E-01 5.8245TE-D1  5.747256~01

6.52926E-01
5. 53245E-01

T6,36923E-01

6.36802E-01

6,25695E=01
6:25411€~01

5,03276E-01
5.023934E-01

“5.B46TIE~O1

5. 8402501

37 6.98974E-01
38 7,02101E~01

39 7.05026E-01
40 7.0772BE-01

6,901 63E-01
5,92715E-01

6,951176-01

6:97342E-01

T6.82457E-01

84845106-01

T6.864548-01

6.88261E-01%

6. 74725801

676411 E-01

6479508BE~01

6.78014E-01

£.53245€=-01
6:53897E-31

6,36802E-01
$:36604E-01

6,25411E-01

6, 24891E-01

6.,02394E~01
6,00709E-01

5.,84025€~01
5,827B5E~01

6.54572€-01
$.55225E-01

$.36512E-01
6+36470E-01

6.24488E-01

5. 24157E-01

5.99264€-01
5,97992€-01

5.81702E-01
5.,80745E-01

41 7.10189E-D1

6,99367€-01

6.89908F-01

6,86870E=-01"

5.55814E-01

6:.36429E~01

6.23857E-01

5,968326-01

5. 79865E-01
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42 7.10189E~-01

43 T.12443E-01
44 7.,14492€-01

64 99387E-D1
T+01243£=03
7.02979€-0%

6.899062-01
6e31445E-01
5.92898E~01

45 T.163256-01

46 T.17935E-01

47 ¥.179356-61

48 7.19321E~01

7.04563E-01
7.05983E-04

7.05983E-01"

Te07240E-02

6. 94249E-01
$.954856=01

6,95485E-01
5.96605E-01

6.85578E-01

6.8087T0E-01
6.82151£-01
_6.83372E-01

505581 4E-
6,56429E=-01
5.57133£-01

=08 6.36429E-0%

5.35%488E-01
6.367T85E=01

_$e238575-01 S$.968328-D1

$e238T1E~-D1
5.23690£-01

5.93878E-01
5.95297€~-01

5.79H85E=0]
5. 79200£-01
5, 18800E-01

6.84519E-01

6,855785-01
6.B5545E=01

6.57398E-01

6.58704E-01

"5.58704E-01

6.59547E=01

5.37168E-01

5.37728F-01

5. 23884E-01
5,24228E-31

5.95042E-01
5.,95078E~-01

Se TBES DE-DL
S5.78760E=01

6.37728E=01
6.38433E-51

6.24223£-01
$.26714£-91

5.95078E=-01
5.95399E-01

5.78760E=01
5. 7909 7E-01

49 T.20683E-61
50 7.214225-D1
51 7.221418-0%

52 7.22141E-01

T.083325-01
7.09260E-01

7.100255-0%

7.10025E-01

6.97T5076-01
6.954B9E-01
6.992536-01

6.,99253E-014

5. 3T418E-01
6.882935 =01

64604315-01
6.61351E-01

6,39254E-01
5.403216E-02

5.253408~01
5.26096E-01

5.960064E-01
5,946883E-03

SeT9668E~01
S.80465E-01

6.88869E-01

5. 88869E~01

6.,52311E=-01

5.62311E-01

65.413312E-01

6.,26575E~-01

5.98C35E-01

5.81484E-01

6.41312E-01

5. 26975€-01%
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158 3.92130£-02 9.06935g-02 9. Z4831E~U2 9.37324E~02 9.46791E-02 9,63173E-02 9, 67642E-02 9.,98109€-02 |1, 00833E~-01

159 7.57706E-02 7,720876-02 7.891076-02 8.01516€-02 5.11303£-02 B.270165-02 8.326480E-02 3.803495-02 3. 70822E-02
160 6.40875E-02 6.54539E-02 6.70465E-02 6.B248TE-02 £292258E-02  T.0TO9TE-G2  7.13167E-02 7,38467E-02 7.48888E-02
161 5.39882E-02 5.52613E-02 S.87289E-02 5,785855-02 5.861765-07 5.019912-02 6.083625-02 ©6.311358-02 6.41260E-02
162 €.52992E-02 4.64647E=02  4.77930E-02 4. 88565£-02 4.97585E-02 5.10273E~02  5,166456-02 5.370108-02 5,46659E-02

163 3.785326-02 3.890315-07 4.00982E~02 %, 10681602 h.19049c-03" 4e30550E-02 4,35739E-02  #.54803E-02 4.53819E-03
164 3,14916E-02 _3,242358-02 3.3480G9E-02 3.@35505 2e31180E-02  3.61476E-02 3.67330E-32 3.83209E-02 3,91503£-62

185 2,806 T0E-02  2.588256-0% 2.78063E-02  2,8380BE-02 2.92557E-02 3.01768E-03 3. 07182E-02 2.210116-02 3,28621£-02
186 2.14440E-02 2.21481E-02 2,29452:-02 2. 362228-02  2.422B2E-02 2,50224E-02 2,.55126E~02 2.6706465-02  2,73740E-02

167 1,75005€-02 1.310025-02 1., 877B9E-02 1.,93622E-02 1.98390E-02 205723602 2.,10075E5-02 2,20225E- -02 2.28092£-02
169 1,41278E-02 1.46306E-02 1.520028- =02 1.56949E-02 1,61451f-02 1.67235E-02 1.710i8E-02 1. 79533E-02 1.84580£-02

169 1.122728-02 i’ia«zas—oz 1.211286-02 1,25250E-07 0.29018:165“”3‘536155‘65‘*1 3702BE~02 1.44028E-02 ©.48274E=02
170 8.715405-03 9,05165E-03 9,43054E-03 FoTOE5IE-03  1,007358-02 1.04598E-02 1,07256E-52 1. 12839€=02 1,16319£-02

171 %.517015-03 5. TS0E2E-D2  7,076755-33 Te34281E=03 T.58209£-03 7.87924£-03 8 092708-02 §.51530E-53 $.792512=03
172 4,56653E-03 4,763755-03 4, 98256E-03 5.18523FE-03 5.35866E-03 5 56619-03 2 734312-03  $.019355-03 6,23823E-03

173 2.806115~63 2.93990E-032 3,085695~03 3. 2326TE-03 3.326S1E-U3 3.451328-03 J.s 19332-63  3.T1762E-03  3,90872E<03

iT4 2.50611E-03 2.93990E-03 3.08559E-03 3.23267E-03 3.32691£-03 3.451226-03  3.58933E-03  3,717626-03 3,90872E-03
175 1.72293E-03  1,82031E-03 1,92093E-03 2,02188E-33 2.10843E-03 2. 20783E-03  2.28939E-33  2,402995-03 2. 850062E-03
136 1.05277E-05 1.11612E-03 1.18123E-03 1.24593€-03 1,30977€-03 1038048803 1.44189E-03 1,516686-03 1, 57411E~03
177 6.34097E-04 6.72084E-04 T.11458E-04 7.51575E-04 7.910485 04 Be3T6BSE-04  B,76881E-04 9,25241E-06 9. 611876-04
178 3.59782E-04 3.805345-04  4.02273E-04 . 220622E-04  4.6T70LE=06 5, 74186E-04 4,96892E-06 5.260315-04 5. 46066504

179 1.62731E-04 1,717535-04 1.61250E-D4 19171335204 2.01434E-00 2+13331E-06 2,23657E-0% 2.369835-04 2, 46062E-04
180 0. Ge . 0. i D Go 0. 0. 0. [
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_GROUP FLUXES

R N3, GROUPS 28- 33 _ -
1 4.554B9E-01 4.82542E-01 4.82852E-01 4,75348E-01 4.%8895E-01 1.51518E 01

2 4.600556-C1  4,83126E-01 4.63428E-01 &.758976~01  4.5%403E-01 1.51479E 01
3 4. 61778E~01 4.84B91E~01 4.85164E~01l 4.77545E-01 4.60927E-01 1.51358€ 01
& 4,647T40E-01 4,878FIE-01 4.88084E-01 4.B0302E~01 4.63466E-01 1,51140€ 01
€ 4.59093E-01 4.921596-01 4,92227E-01 4.84175E~0B1 4.67010E~01 1,50799€ 01
B 4.T50TIE-01  4,97820£-01 4,975206-01 4.89168E~01 4,T1538E-01 1.50299€ 01
7 %.83013E-01 5.04965E-01 5.043106-01 4.95263E~01 4,77006E-01 1,49591E 01
8 4.933T1E-01 5,13674E-01 5.122856-01 5,023986-01 4,83325€-01 1,48511E 01
9 5.06698E~01 5,23946FE-01 5.21455E~01 9.10435E-01 4.9033BE-01 1.47281E 01
10 5.23556E=01 5,35560E~01 5.31552E-01 5.19096E-01 4.97778E-0)1 1.45505E€ Ot
11 5.44249F<01 5.47B828E<01 5.419796-01 5,27874E-01 5.05217E-01 1.43186E 01
12 5,44249E-01 5.47828E-01 5,41979E-01 5.27874E-0l 5.05217E-01 1.43165F 01
13 5.626526-01 5.59933E-01 5.52270E~D1 . 5,356384€-01 5.,12299E-01 1.37473E Ol
14 5.752236-01 5,69025E-01 5,59998E-01 5.42527€-01 5,17T165E-01 1.26899E 01
15 5.826956-01 5.74781E-01 5.647456~01 5,45B8156-01 5.193326-01 1,11411£ 01
16 5.85684E-01 5.7721TE-01  S5.66368E~01 5.45937E-01 5.18443E-01 9.09021E 00
17 6.,85684E-01 5,772176=01  5.66368E-01 5.45937E~01 35.1B443E-01 9.09021€ 00
18 5,85831E-01 5,77352E-01 5.66388E-01 5,45711E~0L 5.18067E-01 8.87328E 00
T19 6. B5984E~D1 6,77504E-01 5.664256~01 5,45505E~01 5,17712E-01 8.68189E 00
20 5.86144E=01 5.77672E~01  5.66480E-01 5.45318E-~01 5.17376E-01 8,45561€ 00
2175.86311E~01 5.778566-01 5.66551E~01 5.4514BE-0L 5.1705BE~01 8.25400E Q¢
22 5.86311E~01 5.77856E-01 5,66551E~01 5.45148€-01 5.17058£-0%1 8,235400f 00
33 5.B5462E-01 5.7B803KE-01  5.66615E-01 5.44974E~-01 5.18739E-01 8.01285E 00
24 5,86575E-01 5.7B179E-01 5,68651E-D1 5.447756-01 5.16397E~01 7.77691F 00
255, 86650E-01 5.7B204E~01 5.66658E-01 5,44549E-01 5.16031E-01 7.54566E 00
26 5.86689E-01 S5.TBIBOE-OL 5.66637E-01 5.44296E-01 5,15640E-01 7.31860F 00
BT B B6689E-01 5. TH3B0E-01 5.66637E-01 5,44296E~01 5.15640€-01 7.31860E 00
28 5.86692E-01 5,78456E-01 5,66569E~D1 5.43906€-01 5.15080€-01 7,01212€ 00
29 5.B6643E~01 5.7848BE~01 5.6b6461E~01 5,43484E-01 5.14454E-01 6.71829E 00
30 5.B6547E-01 5.7847BE-01 5.66314E-01 5.43028E-01 5,13817E-01 &.43558€ 00
31 5.86406E-01 5.78629E-01 5.66128E-01 5.42538E-01 5.13149E-01 6.16255¢ 00
32 5.864056-01 5.78429E-01 5.66123E-01 5,42536€-01 5.13149E-01 6.16235E 00
33 5. 86336E-01 5,783476~01 5.65911E-01 '5.42012E-01 5.12450E-01 5.90082E 00
34 5,86021E-01 5,7B239E-01 5.65672E-01 5.41476E~01 5.117456-01 5,63359€ 00
35 5_B57916-01 5,7BIOTE-01 5.65411E-01 5.,40923E-01 5,11028E~01 5.419Z1€ 00
36 5.85540E-01 5,77953E-01 5.651276~01 5,40351€-01 5.,10297E-01 5.19614E 00
3F 6. 85840E-01 5.779536=01 5.85127E~G1 5.40351E-01 5.10297E~01 5.19614E 00
38 5.85016E-01 5,77610E-0l 5.64538E-01 5.39213E~01 5,08853£-01 4.79383F 00
39 5.84511F-01 5.77252E-01 5.63956E-01 5.3814TE~01 5.07513E-01 4.45765E 00
40 5,84028E-01 5,768B5E-01 5,6337BE-01 5.37130E-01 5,06249E-01 4.16985€ 00
%1 5.83570E-~01 5.76518E<f1 5.62B00E-01 5.361426~01 5.05036E-01 3.92254F 00
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42 5.83570E-01
43 5.83177E-01
44 5,82895E-01

45 . 8271SE-01

46 5.82526E-01

47 5,82626E-01
48 5.8261TE-01

5.765185-01
5.76173£-01
5.75877E-01

5.75625€~01

5.75408E-01

5.75408E-01
5,75215E-01

49 5,826765-01
50 5.827B1E-01
S1 5.82907:8-C1

52 5.82907E-01

53 5.62961E-01
54 5.829976-01
55 5,83012£-01
56 5,83000E-01

5.75033E-01
5.74841E-D1
5.74616E-01

5.74616E-01

5.74314E-01

5.74121E-01

5,73894E-01

5.62800E-01
5.62254E~01
 5,61784E-01

5.61379E-01
§.61027E~01

5.610276-01

5.60720£-01

5,36142E-01  5,Q5038E-01

5.35231£-01 5.03923E-01
5.34479E-01 S5.03007E-01

3.92254F 09

3.72015E 00
3.558B81E 00

5.33B65€=01 5,02264E-01
5.33373E~01  S5.01674E-01

5.33373E-01 5.,016745-01
5.329935-01  5,01232E-01

3.456173E 00
3.39395E 00

"3.39395¢8 00
34363845 90

Se 60##6E 01
5.601926-01
5.59937E-01

5.59937€-01

5,744T8E-01

5.897998-01
5.59642E-01
5.594656=-01
5.59265E-01

87 5.83000E-01

58 5.82937£-01

59 $.82800E-01
60 5.82582E-01
65 5.82274E-01

62 5.82274E-01
83 5,81718E~01
6% 5.80830E-01
65 5.,79752E-01
66 5.78329E-01
67 5.76609E-01
88 5,74591E-01
59 5,722796-01
70 5.69677€-01
71 5,66793E-01
72 5.536365=01

5.73894E-01
5.,73568E-01
5.73169E-01
5.,72689E-01
5.72119E-01

5.72119E-01
5.71283£-01
5.702345-01
5.68984E=01

5.67468E-01

5.65743E-01

5.,63791E-01
5.61613E-01
5,59216E-01
5,56607E-01
5,53795E-01

§.592655-01

5.58983E-01
5.58641E-01
5.568234E-01
5,57 758E-01

5.57759E-01
S 5TO4UE-01
5.56081E-01
5.56879E-01
__5.53436E-01
5.51751E-D1
5.49827E-01
5.47566E-01
5.452745-D1
5.426545=-01
5.398158~01

5.32722E-01 5.00933E-01
5.32547E-0Y 5.,00767E-01

5.32450E-0} 5.00726E-01

5.32460E-01 S5.00726E-01

3.37040F 0D
3.41369E 00

3.,49435E 00

3.49435€ 00

5.32436E-01 5.00739£-03%
5.32409E-01  5.00757E-01

5.32380E~01 5.00782E~C1
5.3234BE~31 5,00812F-01

3.54862€ 00
3.60917E 0G
3,67826E 0OC
_3.75580¢ 0C

"5.32348E-D1 5.00B812E-01

5.32287E-81 5,00834E-01
5.32184E-01 5.00824E-01
5.32039€-01 5.00782E-01

5431853E-01 5.007i0E-D1

3.75580F 00
3.85771E 00
3.96810F 00
4,08807E 00
4.21886E OO0

5,318536-01 5,00710E-01
5.31459E-01 5.00445E-01
5.30753E~01 4.99852E-01

5,29740E-01 4.98936E-01
5.28426E-01  4.97705E-01

4,21886E 00
4.36275€ 00
_4.46798E 00

4453544F Q0
4.56597E 00

5.26814E-01 64,95163E-01

S5¢24909E-01  4.,94314E-01

4.56033E Q0
4.51920€ 00

5.22715E-01 4,92163E-01
5.,20233E-01  4.,89712E-01

5.17468E-01 &,.B569525-91
S, 14421E-01  4,83916E-01

4.44321E 00
4+33289E 00

%.,1B8T3E GO
4.011165 00

73 5.60218E-01
76 _5.56554E-01

75 5.56554E-01
76 5,54554E-01

5.50794E<01
5,47619E-01

5.47519E=01
5,46003E=0}

5.38763E-01

5.33508E~-01

5,335086-01
5,31823E-01

S.1IG95E-CYL  4,B0574E-01

5.07489E-01 4.76936E-01

5.07489E-01 4,76936E=01
5.05553E-01 4.74959E-01

3.80055E 060
3.55721E 00

T3.95721E 00
3.43533E 00

77 5.52736E-01
78 5.50804E-01
79 5.48859E-01

80 5.48859E-01

5.44369E-01
5.,42719E-01
5.41056E~-01

5.4105%5-01

5.301296-07
5.28426E-01
5.267165-01

5.26716E-01

81 5.460456-01
82 5.43243E-01
83 5.40460E-01
84 5.37701E-01

5.38650E-01
5.36244E-01
5.33844E-01
5.31456E=01

5.24246E-01
5.21792E-01
5,19357E-01
5.16944E-01

85 5,37701E-0¢
86 5.,34952£-01
87 5.32284E-01

5.31456E-01

5,29075£-01
5.26733E~01

S5.14539E-01
5.12187E-01

5.16944E-01"

5.036206-01 &, 7399001
5.01691E-01 4,710288-01

4e99784E-01 4,690728-01

4.99764E-01 4.,69072E-D1

3,31851E 00
3.20626E 00

3.09810€ 60

3.09819€ Q0

4.969T7E-01  4.66244E=01
4.94240E~01 4,634T56-01
4.91547E-01  4,507816~01

4.88898E-01 4,58100E~01

2495169 00
2.81645E 00
2.69098E 00
2.57401E 00

"4.88898E-01" 4,58100E-01

4.862585-01 4.55450E=01
4.83707E-01 4.52902E-01

2.57T461E 00
2.46649E 00
2.37069E 00
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B8 5,29641E~01  5,24436E-01  5.09891F=01 4.81242F~01 4,50452F=01__2.28539E 00_
89 5,2708BE-0L 5.22187E-01 5.07652E-01 4.78862F~0F %.4809BE~-0L 2,20953F 00
90 S5.27088E-01 5,22187€=0} 75 07652E~01  4.7B862E~0L  4.4B098E~01 2420953E 00
91 5.221976-01 5.17843E-01 5.03352E~01 &.74351E~01 4,.43668E-01 2,09016€ 09
92 5,17722E~01 5,13797E~01 4.99404E~01 4,70346E~01 4,39801E~-01 2,01280F 00
93 5,1387YE-0G1 5.10069E-01 4.95814E-~01 4.66835E-81 4,3647BE-0L 1.97305E 00
94 5,10069E-01 5.06671E~01 4.92589E-01 4.63808E-01 &,.3368TE~-01 1.96867E 00
95 5.10069E-01 5,06871E~01 4.92589E-01  4.638B08E-01 4.33687E-01 1.9686T¢ 00
_96 5.06895E-01 5,03609E~01 4.89726E-01 4.61251E~01 4.31407E-01 1.99692E 00
97 5.04128E~01 5.00857E-01 4.87203£-01 4.59123E~01 &.29596E-01 2,05692€ 00
98 5,017606-01 4,98438E-01 4.85018E6-01 4.57429E-01 4.28258E~D1 2,15192E 00
99 4.99780E~01 4.963136~01 4.B83168E-01 4.561T6F<01 &.27T406FE-01 2.28697€ 00
100 4,99780E-01  4.96313E~01 4,83168E-01 4,556178E-01 4,27407€-01 2,28697E 00
101 4.9B130E=-01 4.9%4459E~01 %.8160TE-D1 %.55274E=01  4.269256-01 2,4550%E 00
102 4.96596E~01 4,32799E~01 4.80232E-01 4.54576E-01 4.2686TE-01 2,65193E 00
T03 4,95462E-01  4.,91313E-01  2.79039€-01  4.54100E-01 4.,26556E-D1 2.88584€ 00
104 4,94410E-01 4.89981E-01 4.TBO23E~01 4.53866E-01 4.256922E-01 3.166469E 00
105 4.944106-01 4.89981E-01 4.78023E~01 4.53866E~01 #,26922E-01 3,16669E 00
106 4,93936E-01 4.89362E~01 4.77571E-01 4,53819E~01 4,27129E~0L 3.32406E 00
107 4.93%69E€-01 &,B8B756E-01 &4.7719DE~01 4.53782E<01 &.27348E-01 3,48955F 00
188 4.93004E-01 %.88160E-01 4,76700E~D1 4,53756E~01 4.27584E~01 3,66448E 00
109 4,92541E-01  4.87572€-01 4. T8ZT9E<0Y  4.53746E-01 %.27B%2E<DI 3.95030F 00
110 4.92541E~01 4.87572E-01 4,76279E-01 4.53746E-Cl 4.,27842€-01 3.85030€ 00
111 4.92071€-01 4.B6986E-01  4,75862E-01 4.53736E-01  %,28099E-01 4.04395E 00
112 4,91576E-01 4.86391E~01 4.75435E-01 4.53T12E=01 4.28346E-01 4.24422€ 00
113 4.91056E-01 4.857B5E~01 &, 74998E~01 4.,53678E~01 4.2858T€-01 4.45235€ 00
1% 4.90505E-01 4.85165E~01 4.74551€-01 4.53636E-01 4.28825E-01 4.66969€ 00
115 4,905056-01 4.851656~01 4.74551E~01 4.53638FE-01 4,78826E-01 4.66969F 00
116 4.89919€-01 4.84528E-01 4.7408BE~01 4.53575E-01 4,29046E-01 4.89347E 00
117 4.8928B0E~01 4.83B63E-01 4.73598E~01 4.534816-01 4.23238E-01 5.12252€ OO
118 4,B88584E-01 4,83168E-01 4.73081E-01 4.53358E~01 4.294056-01 .35§g}§mggA
119 4,87B29E~01 4.82440E-0} 4.,72536E-01 4.53208E-01 4,29552E-01 5,80114E 00
120 4,87829E-01 4.824408-01 4.72536E~01 4,53208E=0L 4,29552E-01 5.60114E OO
121 4.867B0E~01 4.,81%49F-G1 4%.7T1780E-0Y 4.52944E-01 4.296b9E-D1 5.9190%5F 00
122 4,85698E~01 4,30403E-01 4.T0954E-QL 4.52570E-01 4,29675E-01 56.21724E 00
123 4,04575E-01  4.79297E-01  %,70059E-01 #.52092E-01 3.29578E-01 6.49660F 0O
124 4,83408E~01 4.7B131E-01 4.69096E-01 4,5151T€-01 4,29389€-01 6,75795E 00
125 %, 821936=-01 4.76902E-01 “4.68068E<01 " 4.50850E-01 %, 29115E-01  ¥.006210F 00
126 4.80929E-01 4.756106-01 4.656973E~01 4.5009BE~D1 4.2B755E=01 7.22374E 00
127 4.79614E-01 4.74255E-G1  &.,69822E~01 4,69Z255E-01 4,28347E-01 7.44165€ 00
128 4,7824BE~01 4,72835E6-01 4,54608E~01 4.48359E-01 4.27871E-01 7.63844€ 00
129 4,768326-01 4o71350E=01 4.63339E<01 4.47382E-01 4,273436-01 7.82075f 00
130 4,75386E~01 4,59801E-01 4.62014E~01 4.46342E-01 4,26774E-01 7,98B917E 00
13Y R, TIBS3E-01 4.58187E-01  4.60639E~01 %.45242E<01  4,28170E-01 8.14426¢ 00
132 4.72294E-01 4,66509E=01 4.592155~01 4.4408TE~01 _# 25542601 B.28656E 00
123 4.70891E-01 4.6476TE-C1 4.STT4S5E<01 &.,628B2E<01  §,24A9BE~01 €.,41655E 00
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134 4.59047E-01
135 4.6T7365E-01

4452960E-01
4.,51(88E-0C1

136 4.67365E-01
137 4.54306E-01
138 4,397476-01
139 4.24033E-01
140 4.07462E-01

4.5108BE-01
4.4TQTHE-OL
4.22348E-01
4.,16506E-01
4.00840E-01

141.3.90290E-01
142 3,72738E~01
143 2,54992E-01
144 2%,27210E-01
145 3,19524E-01
146 3,02048E-01
147 2,84 866E-01
148 2.6B062E~01
149 2.51694£-01
150 2.35811£-01
151 2.20452£~-01

152 2.20452E-01
153 1.957625-01
154 1.73057E~01
155 1.52311E-01
156 1.33472£-01

157 1.166658=01
158 1.01196E-01
159 8.755855-02
160 7.54385£-02
161 6,4TL66E-02
152 5,52702€-02

163 4.697A8E-02
184 3.97234E-02
165 3,338928-02
166 2.78664E-02
167 2.30514E-02
168 1,88469E-02

169 1.51625E-02
170 1.191526-02
171 9.02933E-93
172 $.43811E-03
173 4.08491E-03

3,84283E-01
3.67T379E=-01
3.50274E-01%
3.33102E-01
3.159848~-01
2.99025€-01

2.82317e-01
2.55936E-01
2.49945E-01
2.34397E-01
2.19331E-01

2.19331E-01
1.95087E-01
1.72754E-01
1.52311E-01
1.33709€E-01
1.16881E-01
1.017415=01
8.51902E~02
7.612068-02
6.54191E-02
5.59699E~02

4.56234E-01
4.54683E-01

4454683E-01
4.42270E-01
4428575E-01
4.13892£-01
3.98449E-01

%,82439E-01 -

3.660326-01
3.49380E-01
3.32619E-01
3.15870E-01
2.99241E-01

2.82823E-01

2.66697E-01
2.50931E~01
2.35585E-01
2.20709E-01

2.20709E-01
1.96691E-01
1.74492E-01
1.54118E~01

1.35536E=-01

1.18689E-01
1.03499E-01
8.95742E-02
T T7123E-02
6.69056E-02
5,73419E=02

4.615633E-01
4.40343£-01

4.40343E-01
4,2%436E-01
4417T046E~01
4.034995-01
3.89060E-01

4y 24249E-012

4423602E-01

4.23602E-01
4, 16844E-01
4.07350E-01
3.95878E-01

3,82974E-01

8 53470 00
eb%144E DO

«64144E QO

S a3t 00
8.95789€ 00

9.04224E 00
9.08167E 00

3.739535-01
3.583726-01
3.42483E-01
3.26430E-01
3.10340E-01
2,94324E-01

"2.78477E-01

2.62884€E-01

2.47614E-01
2432732E-01
2.18291E-01

2.18291€-01
1.94896E-01
1.73212€-01
1.53258E-01
1.35016E-02

1.54711€-01
1.36555€E-01

3.690435-01 9.07938E 0O
3.54392E-01 9.03857E GO
3,39263E~31 8.96231F 0C
3,23849E-D01 8.85359€ 00
3,083106-01 8.71527€ 00
2.92777E-01 8,55008E 00
2. 7T366E-01 B.36060E 00
2.62172E-01 B8.14929E 00
2.472856~01 7.91844E 00
2.32782E-01 V.67022E 00
2.18741E-01 7.40682EF 00
2.18741E-01 7.40662E 60
1.95874E~01 6,99230€ 00
1.74493E-01 6.58157€ 00

6.,177T70E 0O
5.,78343E 00

1.18440E-01
1.03461€-01
8.99989£-02
7.79529E-02
6.72273E-02
5,77161E-02

1.20007€-01
1.05016E-01

9.15086E-02

7.93990E-02

5.40102€ 00
5.03224E OO
4.5T848E 00
4,34069E 00

6. 85917E-02
5.89862E-02

4,01959E 00
3.7155%¢ Q0

4. T5568E-02

6489092E-C2

174 4.,08491E-03
175 2.591856-03
176 1.626985-03
177 9.929255-04
178 5.64141E=-04

4,931098-02

5.04794E~02

3.42875E 09

4,036556-02 4.149626-02 4,190556-02 4,29681E-02 3.15913E 00
3.39851E~02 3.49944E-02 3.53959E-02 3,63505E-02 2.90649E 00
2.84090E-02 2.929935-02 2.96812E-02 3,05279E-02 2.57048E 00
2.35365E6-02 2.431156-02 2.465508-02 2.54050E-02 2.45066€ 00
1.92728E~02 1,99373E-02 2,025505-02 2.08912E-02 2.24654F 00
1.552956-062 1.605918-02 1.5636805~02 1.68998E-02 2.05755E 40
1.22256E-02 1.26850E-02 1.29199E-02 1,33461E-02 1.85311E 0D
9.28664E-03  9.64903E-03 9,33483E-03  1.01562E-02 1.72285EF 00
6,64573E-03  $.909115-03 7.03827E-03  7.29418E-03 L.57559E 0C
4.24214E-03  4.396226-03 4.45729E-03 4.520126-03  1.44142E 00
4.24214€-03  4.39422E-03 4.65729E=03  4.52912E-02 1.44142E 00
2.68720E-03 2,78983E-03 2.85144E-03 2.87287E~D3 9,97095E-01
1.68563E-03 1.75149E-03 1.796386-03 1.80464E-03 6.76716E-01
1.02876E-03 1.06961E-03 1.09901E-03 "1.103236-03 4.423275-01
5.84544E-04 6,08138E-04 6.,25481E-04 5,27863E-06 2.65385E~01

179 2,54233E-04
180 0.

2.63516E-04
0.

2.74177E-04
Ce

2.82138E-08
0.

2483242E-04

B

1.23881E-01
0.

981



19--21.

26--

187

ORNL-4621
UC-80 — Reactor Technology

INTERNAL DISTRIBUTION

1. G. M. Adamson, Ir.
2. R. G. Aftel
3. D.S. Asquith
4. S. E. Beall
5. M. Bender
6. D. S. Billington
7. F.T. Binford
8. H. Blauer
9. A.L.Boch
10. C. J. Borkowski
11. G.E.Boyd
12. W. E. Browning, J1.
13. F. R. Bruce
14. W.D. Burch
15. T. J. Burneit
16. C. D.Cagle
17. A.D. Callihan (Y-12)
18. W. R. Casto
21. R.D. Cheverton
22. H. C. Claiborne
23. T.E.Cole
24. B. L. Corbett
25. Wm. B. Cottrell
35. J.A.Cox
36. S. J. Cromer (ORGDP)
37. W. H. Culbert
38. F. L. Culler, Jr.
39. G. L. Dixon
40. D. E. Ferguson
41. J. L. Fowler
42. A.P. Fraas
43. J. H. Frye, Jr.
44. R.J. Griffin
45, W. R. Grimes
46. E.E. Gross
47. L. A. Haack
48 R.F.Hibbs(Y-12)
49. T.P. Hamrick
50. J. A. Harvey
51. L. B. Holland
52 S. S. Hurt, 1}

. E. B. Johnson

. W.H. Jordan

55. F.B. K. Kam
S6. P. R, Kasten
57. G. W. Keilholtz

58.
59.
60.
61.
62.
63.
64.
65.

66--70.

71.
72.
73.

74.
75.
76.

77.
78.

79-80.
81.
82.

83.

84.

85.

86.

&7.
88--90.

91.

92.

93,

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.
104.
105.
106.
107.
108--110.
111,
112,

H. V. Klaus

Magnuson
. C. Maienschein
. V.McCord
.C.McCurdy

. A. McLain
.R. MLthrter

. L.
Z
H

L. C. Qakes-
G. W. Parker
R. B. Parker
A. M. Perry

K. H. Poteet

Rupp

anl\s

. B. Trauger
.M. Weinberg
C

M. K. Wilkinson

E. J. Witkowski

G. Young

Biology Library

Central Research Library
Document Reference Section
Reactor Division Library



188

113. Laboratory Shift Supervisor

114. Nuclear Safety Information Center
115-212. Laboratory Records Department

213. Laboratory Records, R.C.

EXTERNAL DISTRIBUTION

214. D F. Cope, OSR, ORNL
215. R. Devine, Bethesda Technical Library, USAEC, Washington, D.C. 20545
216. E. E. Hall, Division of Reactor Development and Technology, Report Staff, USAEC, Washington, D.C. 20545
217. L. H. Jackson, USAEC, Oak Ridge, Tenn.
218. E. E. Kintoer, Division of Reactor Development and Technology, USAEC, Washington, D.C. 20545
219. J. A. Lenhard, USAEC, Oak Ridge, Tenn.
220-222. P. W. McDaniel, Division of Research, AEC, Washington, D.C. 20545
223--236. H. M. Roth, USAEC, Oak Ridge, Tenn.
237. S. R. Sapirie, USAEC, Oak Ridge, Tenn.
238. Milton Shaw, Division of Reactor Development and Technology, AEC, Washington, D.C. 20545
239. J. A. Swartout, Union Carbide Corporation, 270 Park Avenue, New York, New York 10017
240. C. E. Winters, Union Carbide Corporation, Wyatt Building, 777 14th St., NW, Washington, D.C. 20005
241. Laboratory and University Division, AEC, ORO
242. Patent Office, AEC, ORO
243--466. Given distribution as shown in TID-4500 under Reactor Technology category (25 copies -- NTIS)



