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ABSTRACT

Fast-burst reactors are designed to provide intense,
short-duration pulses of neutrons. The fission reaction
also produces extreme time-dependent heating of the nu-
clear fuel. An existing transient-dynamic finite element
code was modified specifically to compute the time-de-
pendent stresses and displacements due to thermal shock
loads of reactors. Thermomechanical analysis was then
applied to determine structural feasibility of various con-
cepts for an EDNA-type reactor and to optimize the me-
chanical design of the new SPR III-M reactor.

I. INTRODUCTION

An important aspect of the design of a pulsed neutron
fission reactor is ensuring that its mechanical integrity is
maintained during operation. Ideally, all of the stressed
components (i.e., the fuel and structural supports) should
remain within the elastic material property range for each
reactor shot. Unfortunately, the need for high magnitude,
short duration pulses conflicts with the mechanical ideal.
The role of thermomechanical analysis, therefore, is to
optimize the physical design to accommodate high mag-
nitude shots while remaining within safe and repeatable
operating limits for the reactor.

Pulse mode operation causes severe thermal tran-
sients to arise in the fuel of a fast-burst reactor. A pulse
may have a time width at half-maximum power (FWHM)
of less than a hundred microseconds, and a maximum
fuel-temperature rise of several hundred degrees Celsius
within a few hundred microseconds. Large spatial tem-
perature gradients will be produced. The fission heating
of the fuel will occur faster than thermal strains can be re-
lieved by material deformation. This thermal shock will
produce vibrations leading to high stress in the fuel and
supporting structure. For both operational and structural
reasons, however, the fuel must be designed to remain in
the elastic or near-elastic stress range during a pulse.

In order to predict the mechanical effects due to
high-level pulses, an existing finite element method anal-
ysis code, PRONTO 3D,!? was modified to calculate
thermal shock loadings of fast-burst reactors during pulse
mode operation.? The modifications consisted of the ad-
dition of a thermoelastic material constitutive model and
a thermal loading algorithm. Because thermal loads on
the typically cylindrical fuel elements are essentially ax-
isymmetric, the load algorithm was formulated to com-
pute temperature distributions within the fuel based on
input of normalized radial and axial fission distributions.
Although not completely general, this formulation allows
virtually any fast-burst type reactor geometry to be ana-
lyzed, even with nonsymmetric geometric details.

Two example calculations were used to verify and
benchmark the modified code.? The first example consid-
ered the effects of a reactor pulse on a fuel ring of the pro-
posed but never-built Sandia Pulse Reactor IV (SPR IV).
PRONTO 3D results were compared against SPR IV de-
sign calculations that were made with the finite differ-
ence code STEALTH.*3 The second example considered
a fissionable solid, slender rod instrumented to measure
its temperature and deflection history while subjected to
an actual pulse in SPR I1.% The empirical data from this
experiment provided a benchmark for comparison with
the PRONTO 3D results.

Thermomechanical studies using PRONTO 3D were
done for several reactor designs. Scoping calculations for
various configurations of the EDNA (Externally Driven
Nuclear Assembly) reactor provided fuel-segmentation
and sizing constraint data for conceptual design studies.
The finite element based analysis methodology was also
used extensively during the design of the new SPR III-M
reactor, which is in the final stages of construction.

II. PRONTO 3D CODE MODIFICATIONS

PRONTO 3D is a finite element, three-dimensional
Lagrangian transient solid dynamics code developed to
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calculate the general displacement behavior of nonlinear
or linear materials subjected to high strain rate loading. It
uses an explicit time integration method to solve the
equations of motion. A thermoelastic constitutive model
and spatially variant thermal history load algorithm were
added to PRONTO 3D for application to reactor-induced
thermal shock problems. The thermoelastic material
model was developed to account for temperature depen-
dence of the material properties, including Young’s mod-
ulus and the coefficient of thermal expansion. The reactor
fuel is assumed to behave as an isotropic, homogenous
material. The yield stress, if the fuel is a metal such as
uranium alloyed with molybdenum, or tensile strength, if
it is a ceramic such as uranium carbide or uranium diox-
ide, also varies with temperature and is accounted for but
not used directly in the model. The yield strength is not
used to compute plastic deformation, but is tracked as a
measure of potential damage to the fuel. A normalized
yield/tensile-failure criterion is computed at each time
step based on the ratio of the effective stress to the yield
or tensile-failure stress.

To be consistent with the preexisting PRONTO 3D
formulation, the thermoelastic material model is written
in terms of the unrotated Cauchy stress, G, and the total
strain in the unrotated configuration, € = [ddt, where d is
the unrotated deformation rate tensor. Stresses are ob-
tained directly from the total unrotated strain, &:

o =A(tr(e))d+2ne— (BA+2n)  (AO)S (1)

where A and 2| are the Lamé constants, ¢ is the coeffi-
cient of thermal expansion, A® is the temperature rise,
and § is the identity tensor. The Lamé constants are ob-
tained from the more commonly known Young’s modu-
lus, E, and Poisson’s ratio, v, as functions of temperature:
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The driving force is the thermal loading of the fuel
due to fissile energy deposition. Energy deposition oc-
curs nonuniformly, creating a time-dependent spatial
temperature distribution in the fuel. The temperature his-
tory is calculated by Equation (4), which is the integral of
a theoretically symmetric function for the power pulse,’
adjusted for spatial variation based on normalized, inde-
pendently-computed radial and axial fission distribution
functions:

P e T Ly e S e SR L A

il

o) i (1 + tanh [m(’ - q)n)] )+ o @

2 C;) 1% 211 o
where
© = fuel temperature, in degrees Celsius
E, = maximum pulse yield = (©,,,, - ©,)C,V
©,,.c = maximum fuel temperature
©®, = reactor start-up temperature, 25°C in all cases
Cp =heat capacity of fuel
Vv = fuel (individual finite element) volume
o = pulse rise-time constant, assumed to be 3.524

radians for SPR III-M
t = time, in seconds
0] = phase adjustment, assumed to be 2.0 for both
EDNA and SPR III-M calculations
II = FWHM pulse width, in seconds
T

. = normalized radial fission distribution function

T

, = normalized axial fission distribution function.

The resulting temperature distribution in the fuel is
therefore simplified as axisymmetric, with decoupled ra-
dial and axial distributions. The magnitude of the thermal
load function follows a hyperbolic tangent curve, which
can be adjusted for a specific reactor design by specifica-
tion of four parameters: the maximum temperature rise,
the FWHM pulse width, the phase-adjustment constant,
and the reactor-dependent rise-time constant.

III. EDNA SCOPING CALCULATIONS

The EDNA concept involves a wide range of reactor
sizes and configurations. The feasibility of the EDNA
concept was explored with several different fuel materi-
als and for overall reactor dimensions ranging from about
20 cm to several meters. The most basic concept included
a large hollow cylinder of fissionable material. Thermo-
mechanical analysis with PRONTO 3D was used to de-
termine the degree of circumferential segmentation nec-
essary for the fuel, since the limiting factor in a cylinder
or ring is the hoop stress. Because of the preliminary
stage of the investigation, many physical details, such as
bearing, friction, or both, between expanding fuel seg-
ments, mechanical preloading of the segmented fuel as-
sembly, and interaction with a support structure, which
would affect the actual thermomechanical behavior of the
fuel elements, were neglected. What was left to analyze
were individual, unconstrained pieces of fuel. This had
the advantage of allowing many relatively fast calcula-
tions to be made with small and simple models.
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For example, the finite element mesh for an unsup-
ported (i.e., all boundaries free except for a plane of sym-
metry) 4-cm by 4-cm by 30° cylindrical fuel segment is
shown in Figure 1. In this calculation, the fuel was as-
sumed to be UO, and the segment would be located at the
axial midplane of the reactor, where fission density is
greatest so that both axial and radial temperature gradi-
ents aren’t significant. Assuming further that the reactor
can produce a FWHM pulse of about 81 ps in duration
with a maximum temperature rise of about 900°C results
in the stress ratio contour plot of Figure 2. The stress con-
tours show a normalized measure of stress, SR, at 200 ps,
when the peak tensile stress is reached. SR is the ratio of
von Mises (effective) stress to the temperature-dependent
tensile strength in each finite element. SR values greater
than one mean the tensile strength has been exceeded and
that failure is expected (although no cracking behavior
occurs in the model). Maximum tensile stresses occur on
the outside curvature of the segment. This calculation re-
quired less than five minutes of CPU time on a Hewlett-
Packard 9000/730-66 workstation.
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Figure 1. EDNA Fuel Segment Mesh

Parametric studies were conducted in which the seg-
ment size, segment shape, pulse width, temperature rise
parameters, and material assumptions were varied. For a
given set of assumptions regarding the fastest possible
pulse for an overall volume of a specific material, the
maximum size fuel segment could be determined. For ex-
ample, the allowable stress curve shown in Figure 3 for
the 4-cm by 4-cm UQ, segment subjected to the pulse
discussed above indicates a maximum possible circum-
ferential extent of about 25°.

Because the EDNA reactor concept was at such an
early stage of development, a theoretical study of particle
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Figure 2. EDNA Fuel Segment Maximum Stress

sizes possible for particular materials over a wide range
of pulses was also done. In this set of scoping calcula-
tions, particles were assumed to be spherical and uni-
formly loaded, which kept the number of variables to a
minimum. Since a uniformly loaded sphere has no inher-
ently stress-raising geometric feature, an upper bound to
particle size, or absolute minimum degree of segmenta-
tion could be established.

—— T T T T T T T T T T
5 -
F 4.cm x4 cm segments b
[ Ose=903°C .
e 4F m =si23ps 3
g [ ]
» 3F ]
[%] o -
2 3
b oF 3
4 I o
[\] o -
Q o e
0_1" J
L ]
0:|l||:||||:|l||||||||ln:

E-S
)]

22 25 28 31 34 37 40 43
Circumferential Length (Degrees)

Figure 3. Circumferential Extent vs. Allowable Stress

The results from this study are presented graphically
in Figures 4 and 5. These plots show the FWHM pulse
width as a function of the largest possible spherical par-
ticle for which the peak SR value stays below the failure
strength limit of the fuel material, for several levels of
temperature rise. The maximum values of temperature
rise shown, 900°C for U-10 wt.% Mo and 2100°C for
UO,, correspond to approximately 85% and 75% of the
respective melting temperatures of these materials. The
ordinate of each plotted point was determined by repeat-
ing the PRONTO 3D calculation for the specific pulse




width and temperature rise while changing the dimen-
sions of the sphere until the peak value of SR was com-
puted to be almost exactly one, within a very small toler-
ance.
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Figure 4. Maximum Size of U-10 wt.% Mo Particles
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Figure 5. Maximum Size of UO, Particles

Although the upper bound particle sizes turned out to
be fairly large (i.e., over a centimeter in diameter for
pulse widths greater than a few microseconds), in all like-
lihood an EDNA-type reactor would require a high de-
gree of segmentation. Rectangular cross section seg-
ments would have greater stresses than spherical seg-
ments of equal volume. Spatial temperature gradients are
proportional to flux density and would need to be calcu-
lated for a specific configuration. Gradient loading would
be more severe than uniform loading. No account was
taken of other stress-raising effects such as dynamic con-

tact between fuel pieces or with components of a contain-
ing structure if one was necessary. A great deal of uncer-
tainty also exists concerning the material properties at
very high temperatures and strain rates. Parametric sensi-
tivity studies would have to be conducted to gauge com-
putational uncertainty, however.

IV. SPR III-M DESIGN CALCULATIONS

The central irradiation cavity of SPR III-M has a di-
ameter of 21 cm and a height of 37 cm. The reactor struc-
ture consists of two stacks of fully enriched U-10 wt.%
Mo alloy fuel rings held together by stainless steel sup-
port rings and bolts. A novel feature of SPR III-M is the
incorporation of mechanical springs between the support
rings and bolts, the intent of which is to accommodate ax-
ial fuel expansion during pulse mode operation without
overstressing the support bolts.

Design calculations for SPR III-M were considerably
more complicated than the benchmark example problems
and EDNA scoping calculations. A stress state will exist
in the reactor components prior to any pulse operations as
a result of bolt tightening during final assembly. Room-
temperature prestress was calculated with the quasi-static
finite element code JAC3D3 and passed to PRONTO 3D
as an initial condition using the restart capabilities of the
codes. Thermal strains produced by the fuel-temperature
rise were calculated with PRONTO 3D for several pulses
at the upper limit of the SPR III-M operating range.

The temperature rise caused by fission energy depo-
sition is too rapid for thermal conduction to dissipate the
heat energy during the initial vibratory response of the fu-
el. Therefore, temperature effects in the steel supporting
structure of SPR III-M were neglected. Peak stresses
from the expansion and contraction phases of the fuel vi-
brations were determined for both the fuel and supporting
structure. By comparing the finite element results from
models with successive changes in the fuel rings and steel
supporting structure, stresses were reduced to an accept-
able level over most of the desired operating regime.

A. SPR III-M Operational Parameters

The relationship between FWHM pulse width and re-
actor yield, expressed in terms of the peak temperature
rise, is plotted in Figure 6. Figure 6 includes the peak
temperature rise versus FWHM pulse width relationships
for the older, existing SPR III reactor® and proposed (but
not built) SPR IV reactor.* The characteristic curve for
SPR III-M was derived by interpolation based on the rel-
ative size of each reactor. Because SPR III-M is only
slightly larger in cavity diameter than SPR III, the behav-



ior of the newer reactor should be quite similar to the ex-
isting one but with slightly longer pulses.
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Figure 6. SPR-Type Reactor Pulse Characteristics

SPR III-M fuel temperatures were computed with
Equation (4). The spatial distribution of temperature is
directly proportional to the fission distribution. Normal-
ized radial and axial fission distribution functions are
plotted in Figures 7 and 8. Circumferential variation was
neglected. The normalized distribution functions were in-
put to PRONTO 3D as polynomial curve fits, as were the
temperature-dependent material properties of the fuel.
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Figure 7. SPR III-M Radial Fission Distribution

B. The Mechanical Design of SPR III-M

The major components at the heart of SPR III-M are
the fuel rings, steel support rings, and the large steel bolts
that hold the fuel stack assemblies together. There are
other components as well, such as gas coolant plenums,
neutron reflectors, control rods, and a spider assembly
that moves the lower fuel assembly into position to ini-
tiate a pulse and then allows it to separate from the upper
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fuel stack to control neutron multiplication and end the
pulse. These other components do not contribute to the
structural soundness of the fuel assembly in its capacity
to withstand its own pulse loading, however.
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Figure 8. SPR III-M Axial Fission Distribution

The upper and lower fuel assemblies are virtually
identical. Each fuel stack (Figure 9) is clamped between
two stainless steel support rings by stainless steel bolts
situated every 90° around its perimeter. In the original
design, the outer support rings incorporated cylindrical
pass-through cups holding a stack of Belleville washers
on each bolt. The washer stack would be a flexible spring
helping the bolt absorb the axial vibration deflections of
the fuel assembly. An improved design eliminated the
pass-through cups, but not the washer stacks on each bolt.
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Figure 9. Finite Element Mesh of SPR III-M Final Design

Each cylindrical fuel stack has approximate dimen-
sions of 21 cm across the inner diameter, 33 cm in outer
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diameter, and 20 cm in height to the outside of the steel
clamp rings. The fuel stacks consist of nine fuel rings
plus the upper and lower clamp rings. Eight of the nine
fuel rings are identical (shape “B”), while the midplane
ring, “A,” is shaped differently to allow the midplane
steel clamp ring to fit in the stack while also providing a
nearly uninterrupted volume of fuel along the inner radi-
us. Small pass-through holes for thermocouples are in-
corporated in the midplane clamp ring to allow fuel-tem-
perature measurement. The fuel stack assembly incorpo-
rates 0.5 mm gaps between each fuel ring, except at the
bolt locations every 90° where the rings fit together via
lock-tab sections, to allow coolant flow on each ring sur-
face. The designed-in gaps between fuel rings are also in-
tended to reduce axial stress wave propagation.

A total of ten fully coupled static-dynamic numerical
simulations of SPR III-M operation were completed, cov-
ering four different designs for the reactor. As listed in
Table 1, analyses included four yield levels with the ini-
tial design, plus simulations comparing the effects of re-
ducing the bolt preload, changing the design to eliminate
the Belleville washer stack pass-through cups, and add-
ing more lock-tab features to the outer circumferences of
the fuel plates. All together, this resulted in six static
JAC3D calculations and ten dynamic PRONTO 3D cal-
culations being made, since identical geometries only re-
quired a single bolt preload calculation.

C. SPR III-M Finite Element Models

Virtually identical meshes were used in JAC3D and
in PRONTO 3D. Inherent symmetry allowed one-eighth
of a fuel assembly (a slice with a 45° circumferential ex-
tent) to represent the entire reactor structure. Each nu-
merical model included well over 40,000 nodes and
30,000 eight-node hexagonal elements. The elements
were divided among 14 material blocks, including the
nine fuel rings, two steel clamp rings, an equivalent-elas-
tic material simulating the Belleville washer stack, and
two separate blocks for the single steel bolt. Various con-
tact surfaces either “fixed” components together or al-
lowed intermittent contact between model regions.

Two material blocks were needed to model bolt
torquing. An initial dividing gap separating the upper and
lower bolt halves equaled the amount of vertical com-
pression specified for the Belleville washers. The quasi-
static process of tightening the bolt and compressing the
washers proceeded in JAC3D by applying opposite axial
displacement functions to each bolt-gap surface bound-
ary. As the two bolt halves were brought into fixed con-
tact, static equilibrium put the bolt in tension and the rest
of the model in compression. A restart file was written
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Table 1. SPR ITI-M Operational Case Calculations

Reactor Yield FWHM
Case Design Model (Peak Oy,) Pulse Width

OC us
1 300 92
2 400 81

Initial Design
3 500 76
4 550 74
Reduced Preload
Reduced spring stiff-

5 ness (i.e, reduced 400 81

number of Belleville
washers), otherwise
same as Case 2.

Alternate Design

Bolt preload same as
in Case 5, relocated
springs to outside of
6 outer, now flat steel 400 81
clamp ring with
longer bolt. Reduced
bolt centerline radius
about axis of reactor.

Extra Lock Tabs
Added locking tabs to
7 fuel at 45° between 400 81
each bolt, otherwise
same as Case 5

Combined Features

Similar to Case 6, but
added tabs (nonlock-
8 ing) between bolts 400 81
every 30° to preserve
cooling gaps between
stacked fuel plates.

Comb. Features 11

9 Same as Case 8, but 400 8l
bolt preload halved.
Comb. Features III
10 | Same as Case 8, but 400 81
without bolt preload.

and used as input into PRONTO 3D to establish initial
stress and displacement conditions. The undeformed
mesh for the final design is shown in Figure 9.

The initial reactor design was analyzed over a range
of four increasingly severe pulse levels. Subsequent cal-
culations at a constant pulse level of 400°C maximum
temperature rise and 81 ps FWHM width investigated de-




sign improvements. Each calculation lasted 650 ps, just
long enough to capture a full vibration cycle of the fuel
assembly, but short enough to allow neglecting conduc-
tive heat transfer from the fuel to the steel components.
Only one vibration cycle was examined for two reasons.
Because the structural response of succeeding cycles
would be dampened by energy-loss mechanisms such as
friction and thermal cooling, the highest stresses occur
during the first vibration cycle. In addition, each 650 us
PRONTO 3D calculation required about 90 minutes of
CPU time on a Cray YMP 8/32 supercomputer.

The first design change (Case 5) reduced the preload
on each bolt by decreasing spring stiffness in the stacks
of Belleville washers. Changing from sixteen to eight
washers per bolt in a reoriented stacking order allowed
the same deflection at half the compressive force. The
second design change (Case 6) eliminated the cups hold-
ing the reduced-height stack of washers by making the
outer steel clamping plate entirely flat. This made the
outer support rings simpler but had the disadvantage of
reducing the axial compactness of the fuel assemblies.
The support bolts increased in length although their radi-
al positions decreased relative to the central axis of the
reactor. The third change (Case 7) added interlocking
tabs to the fuel plates at circumferential intervals halfway
between each bolt, which produced more axisymmetric-
like radial dynamic deflections. This model was an exten-
sion of Case 5 and included the pass-through cups in the
outer steel clamping plates. Final geometric changes
were incorporated in the models of Cases 8, 9, and 10,
which were based on the geometry of Case 6 with the ad-
dition of noninterlocking tabs at 30° increments around
the outer fuel circumference. Case 9 explored halving the
preload of Case 8, while Case 10 dispensed with preload
altogether. Case 10 provided an analysis reference point,
although a physically unrealistic one since some preload
is necessary to keep the bolts from loosening.

D. SPR III-M Finite Element Results

The vibration cycle induced by a reactor pulse con-
sists of three distinct phases. The cycle begins with an
initial period of approximately two FWHM pulse widths,
in which the fuel starts to expand as the temperature rises
halfway to maximum level. Fuel expansion is relatively
small, though, as the fuel heats up more rapidly than its
inertia allows it to respond. During this time stresses, par-
ticularly circumferential stresses, begin to build up. The
stresses are initially compressive since the relief provid-
ed by expansion lags the rate of heating. By four FWHM
pulse widths the temperature rise is complete and the fuel
temperature is essentially constant to the end of the cal-
culation. The fuel expands much more, primarily radial-
ly, and stresses switch to being tensile and reach their

peak shortly after the full temperature rise is completed.
Peak stresses occur at the point of maximum deflection,
which is the peak radial expansion. The third phase then
begins as the fuel rebounds into a radial-compression
mode in which the radial deflections reach a minimum
point and stresses become compressive. The compressive
stress peak occurs at the point of minimum radial deflec-
tion. The fuel then continues cycling between tensile and
compressive phases, repeating the deflections between
maximum and minimum radial expansions. Cyclic axial
expansion/contraction phases also occur, although more
complex modal behavior is involved because of fuel seg-
mentation along the reactor axis.

The vibratory stress response increases in proportion
to the pulse level. Each additional 100°C of temperature
rise roughly doubles the mechanical (kinetic) energy lev-
el of the vibrations. For the initial design, SR ranges from
peak values below 1.0 (all stresses remain elastic) in
Case 1 to above 2.0 (widespread yielding) in Case 4.
However, some evidence exists that the dynamic (high
strain rate) yield strength of U-10 wt.% Mo alloy may be
twice the value at quasi-static pull-test rates. 10

Stress levels were reduced progressively as the de-
sign evolved. In all cases, the highest stresses in the fuel
occur along the inner radius near the bolts and reactor ax-
ial midplane. Figure 10 is a typical plot of stress (SR,
Case 9) at the tensile-phase peak. High tensile stress is
more likely to cause cracks than compressive stress, thus
is of more concern. Maximum significant dynamic stress-
es and strains from calculations at identical pulse levels
are listed in Table 2, which shows the progressive im-
provement as the design changes were implemented in
the models. Stresses are most notably lowered by the
Case 7 model due to its more uniform deflections, fol-
lowed by Case 9, which has similar geometry and further
reduced preload (Case 10 is not realistic, since it did not
include any bolt preload on the fuel assembly). Cases 7
and 9 also result in the least localized yielding of the steel
components. Some yielding is indicated in every design,
but far less with the improved designs. At worst, in the
later designs, yielding is confined to localized strain
hardening of the stainless steel middle support ring,
mainly in the thermocouple holes (which would deform
by closing less than two percent of their nominal 3-mm
diameter in the worst case investigated, Case 4). In no
case did the average cross-sectional bolt stresses come
close to yielding.

V. CONCLUSION

Thermal shock stress in the fuel and structure of a
fast-burst reactor must be determined in order to allow it



HAGRIFIED BY 1.000
ELEKENT BLOCKS ACTIVE:
140F 14

TIME 0.3600€-3

L.

Figure 10. Peak Tensile SR Contours, SPR III-M Case 9

to operate safely and reliably. The deleterious mechani-
cal effects of high magnitude, short duration pulses may
be quite severe and must be accounted for in the design
process. Analysis methodology based on modifications
incorporated into the transient-dyanmic finite element
code PRONTO 3D was developed to address reactor-in-
duced thermal shock loading. Thermomechanical analy-
sis with three-dimensional finite element codes is advan-
tageous in that it accounts for all important geometric de-
tails in a design. The capability was instrumental in
analyzing mechanical behavior and reducing stresses sig-
nificantly in the nonaxisymmetric design of the new SPR
III-M reactor. Thermomechanical analysis also had a ma-
jor impact in determining the feasibility of various
EDNA reactor designs. Although EDNA design work has
not progressed beyond the feasibility stage, valuable in-
sight was gained concerning the degree of fuel segmenta-
tion that would be necessary to build such a reactor.

Table 2. SPR III-M Stress/Strain Results

Tensile Phase Compressive Phase
(t =360 ps) (t =560 us)
Case
Peak SR Peak g, Peak SR Peak g,

(Fuel) (Steel) (Fuel) (Steel)

2 1.330 1.11% 1.397 1.57%
5 1.284 0.92% 1.391 1.34%
6 1.269 0.87% 1.395 1.28%
7 1.051 0.69% 1.250 0.90%
8 1.209 0.68% 1.397 0.88%
9 1.189 0.65% 1.391 0.93%
10 1.146 0.05% 1.342 1.13%
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