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Abstract

Preliminary shielding calculations were performed for a prototype National Spent
Nuclear Fuel Program (NSNFP) transport cask. This analysis is intended for use in the
selection of cask shield material type and preliminary estimate of shielding thickness.
The radiation source term was modeled as cobalt-60 with radiation exposure strength of
100,000 R/hr. Cobalt-60 was chosen as a surrogate source because it simultaneous emits
two high-energy gammas, 1.17 MeV and 1.33 MeV. This gamma spectrum is considered
to be large enough that it will upper bound the spectra of all the various spent nuclear
fuels types currently expected to be shipped within the prototype cask. Point-kernel
shielding calculations were performed for a wide range of shielding thickness of lead and
depleted uranium material. The computational results were compared to three shielding
limits: 200 mrem/hr dose rate limit at the cask surface, 50 mR/hr exposure rate limit at
one meter from the cask surface, and 10 mrem/hr limit dose rate at two meters from the
cask surface.

The results obtained in this study indicated that a shielding thickness of 13 cm is required
for depleted uranium and 21 cm for lead in order to satisfy all three shielding
requirements without taking credit for stainless steel liners. The system analysis also
indicated that required shielding thicknesses are strongly dependent upon the gamma
energy spectrum from the radiation source term. This later finding means that shielding
material thickness, and hence cask weight, can be significantly reduced if the radiation
source term can be shown to have a softer, lower energy, gamma energy spectrum than
that due to cobalt-60.
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ES. EXECUTIVE SUMMARY

ESJ Purpose

The United States Department of Energy Office of Environment Management’s
(DOE/EM’s) National Spent Nuclear Fuel Program (NSNFP), through a collaboration
between Sandia National Laboratories (SNL) and Idaho National Engineering and
Environmental Laboratory (INEEL), is conducting a preliminary systematic shielding
analysis for a prototype transport cask. This cask is intended for use in shipping spent
nuclear fuels (SNFS) and high-level wastes (HLWS) with a contact exposure rate of up to
100,000 R/hr. The analysis results from this study identify the shielding requirements
necessary to meet the governing regulatory limits for various radiation source term
spectra. These results are intended to provide DOE/EM with a technical basis for
determining an optimal design for the prototype cask design.

ES.2 Introduction

This report discusses point-kernel shielding calculations for a prototype transportation
cask for use with DOE-owned SNF and HLW, which are planned to be disposed of in the
potential repository at the Yucca Mountain Site (YMS). The shielding calculations were
performed with use of a small computational code, supplied in Appendix C, which was
automated so that sensitivity results were obtained for several shielding materials with a
wide variation of radiation source gamma energies. The code was also designed to

11



generate results for inclusion of stainless steel liners for the cask shielding material (see
Figure ES- 1). Also incorporated into the computer code design was the robustness for
easy modifications for possible future use in estimating the transport cask weight.

The radiation source term was conservatively
from colbalt-60, a high-energy gamma emitter,
R/hr.

bounded with a gamma energy spectrum
with a radiation exposure rate of 100,000

Figure IS- 1. Schematic of National Spent Fuel Program (NSNFP) transport cask.
(Inner basket is one of several preliminary designs.)

ES.3 Results

The general findings from this study are as follows:
●

●

●

Depleted uranium provides superior shielding characteristics versus lead shielding
material.

The most stringent shielding requirement was the regulatory limit requiring that the
radiation dose rate be less than 10 mredhr at a distance of two meters from the cask
surface. The thickness of depleted uranium required to meet this regulatory limit was
approximately 13 cm (without shielding credit for the stainless steel liners, see Figure
ES-2) and 10 cm (with shielding credit for the stainless liners, see Figure ES-3).

Sensitivity analysis results indicated that there is a strong correlation between the
required shielding thickness and the gamma-ray energy. If it can be demonstrated

12



that this expected source term gamma-ray spectrum is significantly less than the
spectrum from cobalt-60, then shielding thickness and mass can be reduced.
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1. INTRODUCTION
A request was made by the Idaho National Engineering and Environmental Laboratory
(INEEL) Transportation Group for an estimate of the shielding thickness required for a
prototype National Spent Nuclear Fuel Program (NSNFP) transport cask under current
study. The cask is required for the transportation of United States Department of Energy
(DOE) spent nuclear fuel (SNF) and/or waste components. The cask must meet the
following shielding limits: dose rate at the surface of the cask less than 200 mrernhr,
radiation exposure less than 50 mR/hr at one meter from the cask surface, and dose rate
less than 10 rnrem/hr at two meters from the cask surface. All calculations presented in
this study were estimated at the cask mid-height, since this location yields the maximum
dose rates.

1.1 Cask Geometry

The design for the prototype cask is constructed from two layers of stainless steel, with a
layer of either lead or depleted uranium between the stainless steel to provide gamma
shielding. The inner layer of stainless steel is 2.54 cm (1.00 in) thick and the outer is
3.81 cm (1.50 in). A schematic of the transport cask is provided in Figure 1.1-1.

Figure 1.1-1. Schematic of National Spent Fuel Program (NSNFP) transport cask.
(Inner basket is one of several preliminary designs.)
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The shielding of the prototype cask is comprised of three zones. The shield consists of a
right-hand cylinder of inner diameter of 182. cm (71.7 in) with the inner most zone
corresponding to the 2.54 cm (1.00 in) thick stainless steel liner. The lead or depleted
uranium shielding zone surrounds the inner Ii:ner. The two inner zones are then encased
within a 3.81 cm (1.50 in) stainless steel liner. The overall dimensions of the prototype
cask are 2.28 m (89.9 in) diameter by 5.54 m (218. in) in length.

1.2 Radiation Source Term and Shielding Requirements

The radioactive source term may be comprised of several different types of high-level
wastes, spent nuclear fuels and/or reactor components. Current design criteria require the
radiation source to be bound by an exposure rate of 100,000 R/hr with a gamma spectrum
corresponding to CO-60. This spectrum is used since it is expected that some of the
reactor components to be transported will contain significant quantities of CO-60 due to
neutron activation of stellite materials [Lengyel 1999]. The major significance of the
source term is the gamma-ray energy of CO-60. This radionuclide emits two high-energy
gamma-rays per each disintegration, one at 1.17 MeV and the other at 1.33 MeV.

There are three shielding limits that were considered as part of this study:
1. In accordance with 10 CFR 71.43, the dose rate at the surface of the cask must be less

than 200 mrern/hr.
2. A design criterion for cask handling, used for illustrative purposes, was that the

radiation exposure rate be less than 50 mR/hr at one meter from the external surface
of the cask. (Although not a radiation standard, per se, this corresponds to the
determination of a Transport Index [TI] of 50 given in 10 CFR 71 .4.)

3. In accordance with 10 CFR 71,43, the dos,e rate at two meters from the cask surface
must be less than 10 mrer@r.

The maximum radiation dose rates and exposures will occur at the cask mid-height,
because cask ends have additions shielding due to cask end effects. Thus, only one-
dimensional shielding calculations are necessary to investigate the maximum radiation
field outside of the transport cask at this location.

1.3 Computational Code

The shielding calculations can be performed by several methods, the two most notable
are the Boltzmann transport equation [Schaeffer 1973] and the much simpler, point-
kernel method [Jaeger 1968]- In general, solutions to the transport equation are more
accurate but require more time to setup ancl execute. The point-kernel method was
chosen a.s the computational method since the analysis for this study was for a prototype
design, not requiring extreme accuracy. A computer program called SHIELD was
developed to calculate the dose rates. It is a small code and is listed in Appendix C.
SHIELD was developed since a large number of calculations were to be performed and
known commercial codes (i.e., MICROSHIELD) were not available that met these
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requirements due to the large number of calculations needed. (The equations used in
SHIELD are identified in Appendix A.) SHIELD is completely self contained and at
present is programmed to perform on the order of one thousand calculations for each of
the three shielding limits. This large of a set of calculations would not be practical with
transport codes, nor with MICROSHIELD.

The computational results presented in this study (see Section 4) indicate that the
shielding thickness is strongly dependent upon the gamma-ray energy of the source term.
To emphasize this finding, the results presented in this report are shown for a wide
variation of gamma-ray energies.

The shielding calculations were performed only for gamma radiation because betas and
alphas would not penetrate the stainless steel liners that surround the radiation shielding
material. Neutrons are not included because they typically have a dose equivalent rate
that is about two or three orders of magnitude less than that from gammas.
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2. MODELING TECHNIQUES

The calculations in this study estimate the surface dose rate on the outer surface of a SNF
cask, the exposure rate at one meter from the cask, and the dose rate at two meters from
cask surface. The computational steps used for the gamma shielding are shown in Table
2-1 (followed by limited discussion on the appropriate units used for presenting shielding
results).

I

Table 2-1. Calculation Steps For Cask Shielding Calculations

Step
I

Calculation

1 Determine the corresponding gamma-ray flux for the identified exposure rate of the

radionuclide source term. Thus, the total internal source strength is estimated as generating a
uniform normal surface flux. Since the gamma spectrum of the expected source term is
unknown, its spectrum is assumed to be that of CO-60, which gives off two simultaneous
gamma-rays, one at 1.17 MeV and the other at 1.33 MeV. A wide range of gamma-ray

&energies will be investigated to determine shielding requirements as a function of energy.

2 Use the point kernel shielding method to generate the code SHIELD for gamma-ray flux
attenuation whhin the shielding material region. This method is modeled in a small
computationalcode to allow a sensitivityanalysisto be performedon: 1) shield material type,
2) shielding region thickness, and 3) gamma-ray energy. The shielding model includes: 1)
proper integration of point sources over the extended source term (right-hand cylindrical
geometry), and 2) use of associated isotropic exposure buildup factor for shield materials
being investigated.

3 Determine the gamma-ray flux on the outside of the cask as a function of shield material,
thicknessand gamma-rayenergy. Results will be generated for several levels of conservatism:
1) no credit for the actual gamma-ray spectrum, 2) no credit for the outer stainless steel (SS)
liner around the shielding material, and 3) no credit for the inner SS liner. Computational
results for the study will be at the cask mid-height where maximum gamma-ray flux density
and corresponding cask surface dose rates will occur.

4 Using the gamma-rayflux results from step‘#3,identifythe dose equivalentrate. This requires
several steps: 1) convert gamma-ray flux vaiues into exposure rate values, 2) convert exposure

rate values into absorbed dose rate values, and 3) convert the absorbed dose rate values into
the requesteddose equivalentrate values.

5 From the above sensitivityanalysis results, identify the shielding thicknessrequired to meet a
surface contact limit (200 mrem/hr limit, see Section 1.2) for scenarios of 1) lead shielding
region/with credit for SS liners, 2) lead shielding region/without credit for SS liners, 3)
depleted uranium (DU) shielding regiordwith credit for SS liners, and 4) DU shielding
region/without credit for SS liners.

6 For selected combinations of shielding thickness and gamma-ray energy, identify the dose
equivalent rates and exposure rates external,to the cask. This analysis will address the dose
rate limit at 2 meters from the accessiblecask surface and the exposure rate limit at 1 meter
from the cask surface.

7 For comparative purposes, identify a typical light water reactor (LWR) SNF gamma-ray
spectrum. This information will be used to determine the gamma-ray spectra that may be
expected from SNFS that would be shipped within the transport cask. The presented LWR
gamma-ray spectra will be flux density weighted to determine a flux averaged gamma-ray
energy, which could be compared to mono-energetic gamma-ray shielding calculations from
Step #5.
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Steps 1 through 4 of Table 2-1 incorporate gamma properties in various units related to
biological effects. These properties (such as radiation exposure) are identified in the
following few equations:

Equation 2-1 calculates the dose equivalent rate (abbreviated as dose rate for this report).
The dose rate incorporates the quality factor, which tzikes into account that different types
of radiation have different biological effects.

H =QD, rewritten as: D=HIQ [2-1]

Equation 2-2 relates the absorbed dose rate to the exposure rate through the parameter f.
Equation 2-3 relates the exposure rate to gamma-ray flux density.

D= fX, rewritten as: X= D/f [2-2]

X = C~@, rewritten as: @= X /Cd [2-3]

where:

H = dose equivalent rate [rern/hr]

D= absorbed dose rate [rad/hr]

Q= quality factor [remhad]

X = exposure rate [R/h]

f= exposure to absorbed dose conversion ratio [rad/R]

=0.874 (P” ‘P)’iS~
(pa /p)az’

[2-4]

~= gamma-ray flux density [~/cm’ –s ]

Cd = flux-to-dose conversion factor [(cmz – see/ y)x(R/ Iv-)]

= 0.0659E – 03EY(#@/ P)air

Ey = gamma-ray energy [MeV]

(P. /p)’ = mass energy-absorption coefficient for i [cm’ /gin]

where i = air or tissue
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The above equations are a synopsis of the dose rate and exposure rate equations identified
in Appendix A.

2.1 Capabilities

The code SHIELD used in this study (see Appendix C for code listing) can easily be
adapted for changes in shielding materials aMI/or geometry. Also, it performs ancillary
calculations for linear cask weight (expressed as metric tons per linear meter of length,
not including end caps). This feature is not extensively used in this study. However, it is
expected that any future optimization studies and decision analysis may advantageously
benefit from this feature. The standard output of SHIELD generated for this study is
listed in Appendix D.

2.2 Scoping Analysis

As can be seen from the standard. output from the code SHIELD in Appendix D, the
output is presented in a sensitivity analysis form. The results are generated for a range of
different key input parameters, namely:
●

●

●

Gamma-Ray Energy -- The gamma energy range from 0.25 MeV to a maximum of
1.5 lVfeV. This range exceeds the energy from cobalt-60 gammas, which are 1.17
MeV and 1.33 MeV. The average of the cobalt-60 gamma energies is 1.25 MeV,
which is also a standard output value.

SS Liner Thickness -- The calculations are performed for cases where shielding
credit is given and not given for the stainless steel liners. (See flux results for
shielding Regions 1 and 3 in standard output from SHIELD.)
Shielding Thickness -- The calculations are performed for a wide range of shielding
thickness (i.e., 2 cm up to 20 cm of shielding) for both lead and depleted uranium
shielding material. (See flux results for shielding Region 2 in standard output from
SHIELD.)
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. 2.3 Limitations

There are accuracy limitations with any type of shielding calculations. As a general rule,
the accuracy of gamma radiation shielding calculations is not extremely accurate. The
results from state-of-the-art deterministic finite codes for deep shielding (decreasing the
gamma flux by several orders of magnitude) as required for this study are within a factor
of two or three (roughly a third of an order of magnitude). Monte Carlo transport codes
may fair slightly better, but they require significant efforts to optimize the computational
results and would require significant computational time. The point-kernel method used
in this study, requires an insignificant amount of computational time, but has an accuracy
of plus or minus an order of magnitude for the gamma-ray flux (including uncertainties
from the flux-to-dose conversion factors). For the results presented in Appendix D, this
is reflected in an uncertainty of about one and a half to two centimeters of shielding
thickness. Since this study is preliminary and the final dimensions will be fine-tuned
during the cask design phase, these uncertainties are acceptable at present.
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3. RESULTS

This section presents selected results obtained from SHIELD (see Appendix C for code
listing and Appendix D for standard output). A significant finding from this study was
that the shielding results (both dose rate and exposure rate) are extremely sensitive to the
assumed average gamma-ray energy of the radionuclide source term. This sensitivity is
so large that if it is determined that the averaged gamma-ray energy should be less than
0.6 MeV, then the cask mass could be reduced by a factor of two or more. Three
dimensional shielding results are presented in Appendices E and F for lead and depleted
uranium shielding materials, respectfully. Sections 3.1 and 3.2 contain select results from
the appendices for depleted uranium and lead shielding material, respectfully. Limited
discussion on these figures can be found in Table 3-1, which is presented to serve as a
key to the figures and as a summary of the results of the shielding calculations. Synopsis
results are presented in Figures 3-1, 3-2, and 3-3 (note these figures are constructed from
the shielding limit intercepts from the figures in Sections 3.1 and 3.2).
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Table 3-1. Discussion of Shielding Results

Figure Discussion

3-1 This figure identifies the minimum shielding thickness required to meet the
200 mrem/hr dose rate on the cask surface. This is investigated for the four
cases: 1) lead shield with no credit for the stainless (SS) liners, 2) lead shield
with SS liners, 3) depleted uranium (DU) without credit for the SS liners, and
4) DU with SS liners. Results indicate the superiority of DU versus lead for
shielding material. Also apparent from this overall systems analysis figure is
the significance of the shielding due to the SS liners. Thus, if credit for the
SS liners can be obtained then significant reduction in the shieldlng region
thickness and mass could be made.

3-2 This figure resembles Figure 3-1, but presents results for the exposure limit of
50 mR/hr at 1 meter from the cask surface.

3-3 This figure resembles Figure 3-1, but presents results for the dose rate limit of
10 mredhr at 2 meters from the cask surface.

3.1-1 This figure identifies the dose rate at cask surface as a function of lead
shielding thickness for selected gamma-ray energies. This figure also takes
shielding credit for the SS liners.

3.1-2 ~This figure resembles Figure 3.1-1, but does not take credit for the SS liners.
3.1-3 This figure identifies the exposure rate at 1 meter from the cask surface as a

function of lead shielding thickness for selected gamma-ray energies. This
figure also takes shielding credit for the SS liners.

3-1-4 ~This figure resembles Figure 3.1-3, but does not take credit for the SS liners.
3.1-5 This figure identifies the dose rate at 2 meter from the cask surface as a

function of lead shielding thickness for selected gamma-ray energies. This
figure also takes shielding credit for the SS liners.

3.1-6 ~This figure resembles Figure 3.1-5, but does not take credit for the SS liners.
3.2-1 This figure identifies the dose rate at cask surface as a function of depleted

uranium shielding thickness for selected gamma-ray energies. This figure
also takes shielding credit for the SS liners.

3.2-2 This figure resembles Figure 3.2-1, but does not take credit for the SS liners.

3.2-3 This figure identifies the exposure rate at 1 meter from the cask surface as a
function of depleted uranium shielding thickness for selected gamma-ray
energies. This figure also takes shielding credit for the SS liners.

3.2-4 This figure resembles Figure 3.2-3, but does not take credit for the SS liners

3.2-5 This figure identifies the dose rate at 2 meter from the cask surface as a
function of depleted uranium shielding thickness for selected gamma-ray
energies. This figure also takes shielding credit for the SS liners.

3.2-6 This figure resembles Figure 3.2-5, but does not take credit for the SS liners.
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Figure 3-1. Shielding thickness, as a function of gamma-ray energy, required to meet
regulatory limit of 2,00 mrernh at cask surface. (Shielding thickness at
gamma-ray energy of 1.33 MeV corresponds to cobalt-60 source term.)
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Figure 3-2. Shielding thickness, as a function of gamma-ray energy, required to meet
shielding limit of 50 mR/hr at one meter from cask surface. (Shielding
thickness at gamma-ray energy of 1.33 MeV corresponds to cobalt-60
source term. )
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3.1 Lead Shielding Material

The following figures identify the dose rates and exposure rates (at desired distances
from the cask surface) as a function of lead shield material thickness.

Cask Surface Dose Rate for Lead Shielding
(dose rate @ surface, 2.54& 3.81 cm SS liners)
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1e+7

1e+6

1e+5

1e+4
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~ei4
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o 2 4 6 8 10 12 14

Lead Shielding Thickness [cm]

Figure 3.1-1. Dose rate at cask surface as a function of lead shielding thickness for
selected gamma-ray energies with shielding credit for SS liners. Data
compared to dose rate limit of 200 mrem/hr at cask surface-
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Figure 3.1-2. Dose rate at cask surface as a function of lead shielding thickness for
selected gamma-ray energies without shielding credit for SS liners. Data
compared to dose rate limit of 200 mrem/hr at cask surface.
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1-3. Exposure rate at one meter from cask surface as a function of lead
shielding thickness for selected gamma-ray energies with shielding credit
for SS liners. Data compared to exposure rate limit of 50 rnR/hr at one
meter from cask surface.
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Figure 3.1-4. Exposure rate at one meter from cask surface as a function of lead
shielding thickness for selected gamma-ray energies without shielding
credit for SS liners. Data compared to exposure rate limit of 50 rnR/hr at
one meter from cask surface.

30



1e+8

1e+7

1e+6
c’

$ ,,+5

~

~ 1e+4

$

Z 1e+3

1e+2

1e+l

Figure 3.1

Dose Rate at 2m from Cask Surface for Lead Shielding

(2.54 &3.81cm SSliners)

-5.

2 4 6 8 10 12 14

Lead Shielding Thickness [cm]

1e+6

1e+5

1e+4

1e+3

1e+2

1e+l

Dose rate at two -meters from cask surface as a function of lead shielding
thickness for selected gamma-ray energies with shielding credit for SS
liners. Datacompared todoserate limit of 10mrem/hr attwo meters from
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Figure 3.1-6. Dose rate at two meters from cask surface as a function of lead shielding
thickness for selected gamma-ray energies without shielding credit for SS
liners. Data compared to dose rate limit of 10 mrerrdhr at two meters from
cask surface.
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3.2 Depleted Uranium Shield Material

The following figures identify the dose rates and exposure rates (at desired distances
from the cask surface) as a function of depleted uranium shield material thickness.

Cask Surface Dose Rate for DU Shielding
(dose rate @ surface, 2.54& 3.81 cm SS liners)
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Figure 3.2-1. Dose rate at cask surface as a function of depleted uranium shielding
thickness for selected gamma-ray energies with shielding credit for SS
liners. Data compared to dose rate limit of 200 mrern/hr at cask surface.
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Figure 3.2-2. Dose rate at cask surface as a function of depleted uranium shielding
thickness for selected gamma-ray energies without shielding credit for SS
liners. Data compared to dose rate limit of 200 rnrem/hr at cask surface.
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Figure 3.2-5. Dose rate at two meters from cask surface as a function of depleted
uranium shielding thickness for selected gamma-ray energies with
shielding credit for SS liners. Data compared to dose rate limit of 10
mrem/hr at two meters from cask surface.
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4. CONCLUSIONS

The results obtained from the shielding calculations in this study indicate the following
major findings:
1.-

2.

3.

Depleted uranium is a superior shielding material in comparison to lead shielding
material.
It is desirable to receive shielding credit for the stainless steel liners. By obtaining
credit for the stainless steel liners it is possible to reduce the shielding material
thickness by over 2 centimeters. This is a significant saving in total cask weights.
The required shielding thickness is strongly dependent upon the gamma-ray energy.
Calculations indicate that large shielding thicknesses are required for gamma-ray
energies greater than 1.0 MeV.

The results presented in Figures 3-1,3-2, and 3-3 indicate that shielding thickness on the
order of 10 to 13 centimeters of depleted uranium are required for cobalt-60 type gamma
spectra (maximum gamma-ray energy = 1.33 MeV). The actual thickness will be
determined by whether credit can be taken for the liners.
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5. RECOMMENDATION FOR FUTURE WORK

. Updating Gamma-Ray Spectrum for Source Term
The shielding thickness is strongly dependent upon the gamma-ray energy spectrum
of the radiation source. This finding is significant and indicates that future work may
be desirable to determine if spectra softer than that from cobalt-60 can be used.
Figure 5-1 illustrates this point. This figure presents “energy averaged” gamma-ray
spectra after various times of decay for pressurized water reactor (PWR) spent
nuclear fuel. This data was analyzed in Table 5-1, which also generated “flux
averaged” gamma-ray energies at various post-reactor times. The flux average data
are plotted in Figure 5-2, whiclh indicates that very low average gamma-ray energies
(less than 0.3 MeV) may occur after five years. Unfortunately, this spectrum may not
be typical of DOE SNFS and even more importantly, the appropriate average gamma-
ray energy should be “dose equivalent rate averaged” based on shielding calculations
for each gamma line. This work would require detailed analysis and could be
advantageous only if the proposed radiation source forms (SNF and HLW) can be
identified as not being bounded. by colbalt--6O.

. Cask Mass Optimization (Minimization) Study
Further engineering and system analysis could be performed using the SHIELD code
(Appendix B) to minimize the cask mass. At its present level, this code estimates
cask mass per unit length. Sekcted results are presented in Figures 5-3, 5-4 and 5-5.
These figures indicate that required cask mass (SS liners and shielding mass) is
smallest when depleted uranium is used for the shielding material. These mass values
are only for the cask main body and do not include masses due to auxiliary
components such as: cask impact limiters (end caps), hold-down equipment,
personnel protection barrier, etc. Since SHIELD is a small code that is easy to
modify, it can be used directly in a mass optimization/cost analysis study.

● Radiation Transport Code Analysis
Final cask dimensions should “beobtained/fine-tuned with use of calculations from a
radiation transport code (i.e., a code that obtains a numerical solution to the
collisional Boltzmann transport equation). By using SHIELD to obtain an optimal
solution, only a small number of calculations would be needed for this process. Only
these calculations would require quality assurance associations.
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Figure 5-1. TypicaI gamma-ray spectra at selected post reactor times for typical
pressurized water reactor (PWR) spent nuclear fuel (SNF). (After Ref.
Croff 1980, construction of spectra performed in Table 5-1. Histograms
from top to bottom correspond to 5 yr, 10 yr, 50 yr, and 100yr.)
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Flux Averaged Gamma Energy for Typical PWR SNF
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Figure 5-2. Flux-averaged gamma-ray energy from typical PWR SNF as a function of
time. (Data generate using Figure 5-1, data analysis performed in Table 5-

1-)
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Table 5-1. Calculations for Flux Averaged Gamma-Ray Energies for Pressurized
Water Reactor (PWR) Spent Nuclear Fuel (SNF) at Various Times
After Burn-up. (Select Results From This Table Are Presented in
Figures 5-1 and 5-2.)

Photons from Activation+Actinides+Fission Products in PWR Spent Fuel
As a Function of Decay Time (Basis = 1.0 MTHM) Time= 5yr [Ref. ORG1]
-------------------------------------------------------------------------------

Photon Energy Activation Actinides Fission Total Photon
Range cAVE>

Fraction
Products Products * Energy of Flux

[MeVl [MeVl [MeVl [photon/s] [photn/s] [photn/s] [photn/s] [MeV-p/s] [1

.000 -> .020 .015 9.586E+12 3.642E+13 4.869E+15 4.915E+15 7.373E+13 2.905E-01

.020 -> .031 .025 1.358E+13 9.461E+11 1.114E+15 1.129E+15 2.821E+13 6.671E-02

.031 -> .048 -038 3.784E+12 1.798E+11 1.045E+15 1.049E+15 3.934E+13 6.200E-02

.048 -> .071 .058 9.889E+11 1.374E+13 9.664E+14 9.811E+14 5.641E+13 5.799E-02

.071 -> .105 -085 3.946E+11 5.853E+11 6.218E+14 6.228E+14 5.294E+13 3.681E-02

.105 -> .175 .125 2.280E+11 4.712E+11 5.601E+14 5.608E+14 7.O1OE+13 3.315E-02

.175 -> .300 .225 1.088E+12 3.682E+11 5.336E+14 5-351E+14 1.204E+14 3.163E-02

.300 -> .475 .375 6.206E+12 2.683E+1O 2.887E+14 2.949E+14 1.106E+14 1.743E-02

.475 -> .712 .575 -7.964E+12 7.629E+08 5.157E+15 5.165E+15 2.970E+15 3.053E-01
0.71 -> 1.05 0.85 1.664E+11 7.904E+08 1.120E+15 1.120E+15 9.521E+14 6.621E-02
1.05 -> 1.50 1.25 3.016E+14 3.564E+08 2.299E+14 5.315E+14 6.644E+14 3.142E-02
1.50 -> 2.00 1.75 1.500E+08 7.844E+07 8.687E+12 8.687E+12 1.520E+13 5.135E-04
2.00 -> 2.50 2.25 1.599E+09 3.51OE+O7 5.146E+12 5.148E+12 1.158E+13 3.043E-04
2.50 -> 3.13 2.75 4.947E+06 7.687E+07 1.524E+11 1.525E+11 4.193E+11 9.013E-06
3.13 -> 4.25 3.50 3.252E-05 1.830E+07 1.943E+1O 1.945E+1O 6.807E+1O 1.150E-06
4.25 -> 6.00 5.00 9.672E-06 7.828E+06 5.957E-05 7.828E+06 3.914E+07 4.627E-10
6.00 -> 9.00 7.00 6.276E-07 9.024E+05 3.865E-06 9.024E+05 6.317E+06 5.334E-11

9.0 -> 20.0 11.0 3.969E-08 1.037E+05 2.444E-07 1.037E+05 1.141E+06 6.130E-12

Total = 3.456E+14 5.274E+13 1.652E+16 1.692E+16 5.165E+15 1.000E+OO

Average Energy = 5.165E+15 / 1.692E+16 = 0.3053 HeV

Photons from Activation+Actinides+Fission Products in PWR Spent Fuel
As a Function of Decay Time (Basis = 1.0 MTHN) Time= 10yr [Ref. ORG1]

Photon Energy Activation Actinides Fission Total Photon
Range

Fraction

<AVE> Products Products * Energy of Flux
[MeVl [MeV] [MeVl [photon/s] [photn/s] [photn/sJ [photn/s] [MeV-p/s] [1

.000 -> .020 .015 4.670E+12 3.962E+13 3.335E+15 3.379E+15 5.069E+13 3.230E-01

.020 -> .031 .025 4-039E+12 1.597E+12 7.180E+14 7.236E+14 1.809E+13 6.916E-02

.031 -> .048 .038 1.268E+12 2.288E+11 6.970E+14 6.985E+14 2.619E+13 6.676E-02

.048 -> .071 .058 4.897E+11 2.331E+13 6.484E+14 6.722E+14 3.865E+13 6.425E-02

.071 -> .105 .085 1.943E+11 5.817E+11 4.016E+14 4.024E+14 3.420E+13 3.846E-02

.105 -> .175 .125 9.59OE+1O 4.605E+11 3.271E+14 3.277E+14 4.096E+13 3.132E-02

.175 -> .300 .225 3.218E+11 3.505E+11 3.419E+14 3.426E+14 7.708E+13 3.274E-02

.300 -> .475 .375 1.779E+12 2.715E+1O 1.594E+14 1.612E+14 6.045E+13 1.541E-02

.475 -> .712 .575 2.279E+12 9.553E+08 3.357E+15 3.359E+15 1.932E+15 3.211E-01
0.71 -> 1.05 0.85 9.679E+1O 7.981E+08 2.820E+14 2.821E+14 2.398E+14 2.696E-02
1.05 -> 1.50 1.25 1.563E+04 3.326E+08 1.107E+14 1.107E+14 1.384E+14 1.058E-02
1.50 -> 2.00 1.75 5.863E+07 6.960E+07 3.417E+12 3.417E+12 5.980E+12 3.266E-04
2.00 -> 2.50 2.25 8.282E+08 2.915E+07 8.O8OE+1O 8.166E+1O 1.837E+11 7.804E-06
2.50 -> 3.13 2.75 2.563E+06 8.764E+07 4.820E+09 4.91OE+O9 1.35OE+1O 4.693E-07
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3.13 -> 4.25 3.50 1.328E-07 1.520E+07 6.243E+08 6.395E+08 2.238E+09 6.112E-08

4.25 -> 6.00 5.00 3.449E-08 6.500E+06 6.085E-05 6.500E+06 3.250E+07 6.212E-10
6.00 -> 9.00 7.00 2.233E-09 7.492E+05 3.949E-06 7.492E+05 5.244E+06 7.160E-11
9.0 -> 20.0 11.0 1.414E-10 8.605E+04 2.497E-07 8.605E+04 9.466E+05 8.224E-12

-------—---------——--------————- ..-------——_______---__________---—--———-—-—----

Total = 1.523E+13 6.618E+13 1.038E+16 1.046E+16 2.662E+15 1.000E+OO

------------_------------------— -.——————---———____--——________---------------——-
Average Energy = 2.662E+15 / 1..O46E+16 = 0.2544 MeV

Photons from Activation+Actinides+Fisision Products in PWR Spent Fuel
As a Function of Decay Time (Basis = 1.0 MTHM) Time= 30yr [Ref. ORG1]
--------------------------------------------------------------------------------

Photon Energy Activation Actinides Fission Total Photon Fraction

Range <AVE> Products Products * Energy of Flux

[MeVl [MeVl [MeVl [photon/s] [photn/sl [photn/sl [photn/sI [MeV-p/sl [1
--------------------------------------------------------------------------------

.000 -> .020 .015 4.169E+11 4.S57E+13 2.014E+15 2.060E+15 3.090E+13 3.436E-01

.020 --> .031 .025 8.153E+1O 3.020E+12 4.173E+14 4.204E+14 1.051E+13 7.012E-02

.031 -> .048 .038 3.725E+1O 3.333E+11 3.986E+14 3.990E+14 1.496E+13 6.655E-02

.048 -> .071 .058 3.42OE+1O 4.424E+13 3.891E+14 4.334E+14 2.492E+13 7.228E-02

.071 -> .105 .085 1.347E+1O 5.655E+11 2.343E+14 2.349E+14 1.996E+13 3.918E-02

.105 -> .175 .125 5.618E+09 4.2.34E+11 1.650E+14 1.654E+14 2.068E+13 2.759E-02

.175 -.> .300 .225 3.794E+09 2.974E+11 2.017E+14 2.020E+14 4.545E+13 3.369E-02

.300 -> .475 .375 1.278E+1O 2.796E+1O 8.678E+13 8.682E+13 3.256E+13 1.448E-02

.475 --> .712 .575 1.577E+1O 1.337E+09 1.928E+15 1.928E+15 1.109E+15 3.216E-01
0.71 -> 1.05 0.85 8.876E+1O 7.701E+08 3.054E+13 3.063E+13 2.604E+13 5.109E-O3

1.05 -> 1.50 1.25 1.126E+13 2.671E+08 2.277E+13 3.403E+13 4.254E+13 5.676E-03
1.50 -> 2.00 1.75 1.162E+07 4.315E+07 9.030E+11 9.031E+11 1.580E+12 1.506E-04

2.00 -> 2.50 2.25 5.965E+07 1.414E+07 3.952E+07 1.133E+08 2.549E+08 1.890E-08
2.50 --> 3.13 2.75 1.846E+05 7.343E+07 5.086E+03 7.362E+07 2.025E+08 1.228E-08

3.13 -> 4.25 3.50 1.231E-07 7.357E+06 6.646E+02 7.358E+06 2.575E+07 1.227E-09
4.25 -> 6.00 5.00 3.346E-08 3.I.43E+06 6.132E-05 3.143E+06 1.572E+07 5.242E-10
6.00 -> 9.00 7.00 2.167E-09 3.619E+05 3.979E-06 3.619E+05 2.533E+06 6.036E-11
9.0 -> 20.0 11.0 1.372E-10 4.1.54E+04 2.516E-07 4.154E+04 4.569E+05 6.929E-12

Total = 1.197E+13 9.448E+13 5.889E+15 5.995E+15 1.379E+15 1.000E+OO

-------------------------------------------------------------------------------
Average Energy = 1.379E+15 / 5.995E+15 = 0.2300 MeV

Photons from Activation+Actinides+Fission Products in PWR Spent Fuel
As a Function of Decay Time (Basis = 1.0 MTHi’4) Time= 100yr [Ref. ORG1]
-------------------------------------------------------------------------------

Photon Energy Activation Actinides Fission Total Photon Fraction
Range <AVE> Products Products * Energy of Flux

[MeV] [MeV] [MeV] [photon/s] [photn/sl [photn/s] [photn/s] [MeV-p/sJ [1
_______________________________________________________________________________

.000 -> .020 .015 7.104E+1O 4.175E+13 3.801E+14 4.219E+14 6.329E+12 3.467E-01

.020 -> .031 .025 4.979E+09 3.525E+12 7.874E+13 8.227E+13 2.057E+12 6.761E-02

.031 -> -048 .038 1.327E+09 3.552E+11 7.475E+13 7.511E+13 2.816E+12 6.172E-02

.048 -> .071 .058 7.048E+08 5.167E+13 7.311E+13 1.248E+14 7.175E+12 1.025E-01

.071 -> .105 .085 2.905E+08 5.285E+11 4.401E+13 4.454E+13 3.786E+12 3.660E-02

.105 -> .175 .125 1.295E+08 3.603E+11 2.846E+13 2.882E+13 3.603E+12 2.368E-02

.175 -> .300 .225 8.069E+07 2.266E+11 3.757E+13 3.780E+13 8.504E+12 3.106E-O2

.300 -> .475 .375 2.885E+08 2.918E+1O 1.631E+13 1.634E+13 6.127E+12 1.343E-02

.475 -> .712 .575 2.659E+08 1.437E+09 3.815E+14 3.815E+14 2.194E+14 3.135E-01

0.71 -> 1.05 0.85 8.769E+1O 6.314E+08 2.693E+12 2.781E+12 2.364E+12 2.286E-03
1.05 -> 1.50 1.25 1.130E+09 1.881E+08 9.345E+11 9.358E+11 1.170E+12 7.690E-04
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1.50
2.00

2.50
3.13
4.25
6.00

9.0

-> 2.00 1.75
-> 2.50 2.25

-> 3.13 2.75

–> 4.25 3.50

-> 6.00 5.00
-> 9.00 7.00

–> 20.0 11.0

Total =

4.126E+04 1.914E+07 6.978E+1O 6.98OE+1O 1.221E+11 5.736E-05
5.983E+03 1.998E+06 7.462E+06 9.466E+06 2.130E+07 7.779E-09
1.851E+01 3.438E+07 2.797E-04 3.438E+07 9.455E+07 2.825E-08
1.147E-07 9.832E+05 2.060E-04 9.832E+05 3.441E+06 8.O8OE-10

3.346E-08 4.163E+05 6.132E-05 4.163E+05 2.082E+06 3.421E-10
2.167E-09 4.743E+04 3.979E-06 4.743E+04 3.320E+05 3.898E-11
1.372E-10 5.417E+03 2.516E-07 5.417E+03 5.959E+04 4.452E-12

------------------------------------------------------ ------
1.679E+11 9.845E+13 1.118E+15 1.217E+15 2.634E+14 1.000E+OO

---------
Average Energy = 2.634E+14 / 1.217E+15 = 0.2165 MeV
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Figure 5-3. Shielding mass, as a function of gamma-ray energy, required to meet
regulatory limit of 200 mrernlhr at cask surface. (Vertical line
corresponds to maximum cobalt-60 gamma-ray energy.)
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Figure 5-4. Shielding mass, as a function of gamma-ray energy, required to meet
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corresponds to maximum cobalt-60 gamma-ray energy.)
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7. APPENDICES

7.1 Appendix A – Details of Point Kernel Shielding Calculations

This appendix contains an abbreviated description of the point-kernel method for gamma-
ray shielding calculations. The shielding calculations were performed only for gamma
radiation because betas and alphas would not penetrate the inner stainless steel liner.
Neutrons are not included because the dose equivalent rate from neutrons is expected to
be several orders of magnitude less than that for gammas. The computational steps used
for gamma shielding are shown in Table A-1.

Table A-1. Calculation Steps For Gamma Shielding Calculations *

Step Calculation

1 Use the flux exposure rate relationship for shielding to determine the
gamma-ray flux density corresponding to the source term exposure
rate.

2 Use the proper shielding equation with the point source isotropic
exposure buildup factor for a self-shielding distributed source to
identify the gamma flux density at the material interfaces within the
cask and at locations exterior to the cask.

3 Determine the corresponding dose and exposure rates from the
computed gamma flux values.

4 Repeat steps 2 and 3 for various gamma-ray energies.

Step 1 requires use of Equation A-1 [La-1], which incorporates the “quality factor” (see
Table A-2) which is a factor that takes into account the fact that equal absorbed doses of
radiation of different types (qualities) have, in general, different biological effects.

H = Q~, rewritten as: ~ =1? /Q [A-1]
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Likewise, Equation A-2 [La- lb] relates the absorbed dose rate to the exposure rate
through the parameter~ (see Figure A-1) and Equation A-3 [La-1 c], which describes the
biological shielding (shielding to reduce radiation exposure to persons in the vicinity of
radiation sources), relates the exposure rate to the gamma-ray flux density.

~ = ~X ,rewritten as: X =D/ f [A-2]

X = C~+, rewritten as: @= X /C~ [A-3]

where:

H= dose equivalent rate [retir]

D = absorbed dose rate [rad/hr]
Q = quality factor [rern/rad]

X = exposure rate [R/lx]
~= exposure to absorbed dose conversion ratio [rad/R]

= ~ *74 (pa/ p)’’””’
(pa / p)””

[La-1b] [A-3b]

# = gamma-ray flux density [y/cm’ –s ]

C. = flux-to-dose conversion factor [(cm2 – sec/y)x(R/hr)]

= (0.0659E-03) E, (pa /p)air [La-lc] [A-3c]

Er = gamma-ray energy [MeVj

(pa / p)”” = mass energy-absorption coefficient for air [cm’ / g]
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Table A-2. Quality Factors for Various Types of Radiation *

Type of Radiation

~

x-rays and y-rays 1

~-rays, Em> 0.03 MeV It

~-rays, Em= <0.03 MeV 1.71

Naturally occurring u-particles 10

Heavy recoil nuclei 20

Neutrons;
Thermal to 1 keV 2

10 keV 2.5

100 keV 7.5

500 keV 11

1 MeV 11

2.5 MeV 9

5 ikfeV 8

7 ikfeV I 7

10 i14eV 6.5

14 ik?eV 7.5

20 h4eV 8!
Energy not specified 10

I

* Taken from Lamarsh [La-id], based on NCRP Report 39 [Nc-1].
7 Recommended in ICRP publication 9 [It-l].

52



5

4

3

2

1

0
0.01 0.1

E, MeV
1 10

034gn2a

Figure A-1. Parameter~as function of gamma-ray energy. (Taken from Ref. La-lb,
originally from Mo- 1.)

The mass energy-absorption coefficients (Ay’) for air and tissue for various gamma-ray
energies are shown in Table A-3. Performing Step 1 of Table A-1 with the use of
Equation A-3 yields Equation A-4, which identifies the maximum allowable canister
(cask) surface gamma flux density for a given maximum allowable surface dose
(equivalent) rate.

X, (max) ~, (max) H, (max)
+, (max) = ~ = [A-4a]

d cd f = Cdf Q

Ii, (max) Es (max)

= (Q0659=3)E,(p~ /p)air f Q = (5.7966E-05)Ey(p~ ,p)rissueQ ‘A-4b]
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able A-3. Mass Energy-Absorption Coefficients for Air*

I Mass Energy-Absorption Coefficient
;amma-ray

(pa /p)x [cm’ /g]
,nergy [MeVj

Air Tissue
h

0.1 1 0.0233 0.0271
0.15 0.0251 0.0282
0.2 0.0268 0.0293
0.3 0.0288 0.0312
0.4 0.0296 0.0317
0.5 0.0297 0.0320
0.6 0.0296 0.0319
0.8 0.0289 0.0311
1.0 0.0280 0.0300
1-25 0.0268 0.0288
1.50 0.0256 0.0276
2.0 0.0238 0.0256
3.0 0.0211 0.0220
4.0 0.0194 0.0206
5.0 0.0181 0.0192
6.0 0.0172 0.0182
8.0 0.0160 0.0168
10.0 0.0153 0.0160

)ata from Ref La-if.
NOTE: these are energy-absorption coefficients, which are to be used

for dose calculations. They are not attenuation coefficients,
which are used for shielding calculations.

If there is more than one radionuclide emitting gammas to be included in the gamma
source term, then the total dose (equivalent) rate is composed of several components (see
Equation A-5). Likewise, the gamma flux density will be composed of several
components (not necessarily of the same gamma energy distribution).

zif = Fiitotal
[A-5]

i

Now the gamma flux density due to gamma-ray attenuation is needed. The equations for
a point source are given by Equations A-6 and A-7.
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[y/cnz2 -see] [A-6]

[A-7]

where:

f%= gamma-ray flUX of an unshielded uncollided isotropic point source

~ = gamma-ray flux of a shielded uncollided isotropic point source
S= source strength ~/see]

R = distance from the point source [cm]
t = shielding thickness [cm]

P= linear attenuation coefficient for shield [I/cm]

= mass attenuation coefficient x mass density= (p,/p) x p

Equation A-6 corresponds to a bare isotropic point (gamma emitting)
describes the direct-beam (uncollided) component of the unshielded source.
7 includes the attenuation (the e-pf term) of an intervening absorbing

[A-7b]

source and
Equation A-
material (f$U

corresponds only to the uncollided component of the gamma flux). @Udoes not include,
however, important effects due to: 1) the Compton effect (scattering with loss of energy:
this is very important since non-direct beams can be scattered to detector locations), 2)
the photoelectric effect (producing x-rays), and 3) pair production (the incident photon in
the vicinity of a nucleus produces a electron-positron pair and the annihilation of the
positron with an eIectron generates gamma-ray radiation). The importance of these
effects can be identified from Figures A-2 and A-3, which show qualitative effects on
gamma energy spectra due to shielding material.
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Figure A-2. Energy spectrum ofincident gamma-ray beam. (Taken from Ref. La-lg.)

FE-o 033gnla

Figure A.-3. Energy spectrum of gamma-rays emerging from shield. (Taken from
Ref. La-l g.)

The necessary correction factor for these effects is the gamma buildup factor (BP(W)
tabulated in many references and for many cases yielding acceptable estimates for
calculated gamma fluxes) for the gamma-ray transport. The addition of this term yields
Equation A-8.

[A-8]
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If more accurate gamma-ray transport calculations are needed, they should be performed
with the Boltzmann transport equation which incorporates the complete treatment of the
scattering component (this was not deemed necessary for this scoping study). The time-
independent transport theory (Boltzmann Equation) for photons is given by [Se-lb]:

v “ @(r,Q,E) + Z,(r,E)@(l-,Q,E) = [A-9]

Jj~,(~>~’)P(~’+ ~>Q’+Q)$(r>Q’>E’)~Q’d~’ +~(~>f%~)
E’cr

where:

r = gamma-ray position vector

E= gamma-ray energy

!i2= solid angle

~= gamma-ray flux

p = probability that a particle of energy E’ and direction Cl’ scatters into

dE about E and d Q about f2

S = source term

Zi = macroscopic cross section (i=t + total, i=s + scattering)

=atom density x microscopic cross-section

Equation A-9 is a complex integral differential equation which has the extra dimensions
of particle energy (E) and angular distribution (f2), thus a one dimensional steady-state
problem is actually a three dimensional problem. There are a significant number of
available discrete ordinates and Monte Carlo codes for solving the Boltzmann equation,
but this extra level of effort is not necessary for the problem at hand.

Proceeding with the simple shielding expressions, Equation A-8 represents the total
(direct and scattered) component with an intervening absorbing and scattering shield for a
point source. The buildup factor is a function of the shielding thickness and the gamma-
ray linear attenuation coefficient, which is dependent on gamma energy. Note; the
buildup factors are problem specific; there is separate buildup factor for each source type
– mono-directional beam, isotropic, etc. There are various buildup factors for different
specific geometries, such as a point source, line source, etc., see Refs. Sc- 1 & Ja- 1. Since
real geometries correspond to distributed sources, it is necessary to integrate the
collective fluxes from multi-point sources that are used to represent a distributed gamma
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source. Thus Equation A-8 (which is for a point source) is integrated over all point source
strengths convoluted with the attenuation kernel to yield Equation A-10:

$(?-) = p, (r’)qr’ - l-p
all space

[A-10]

r = vector to the measuring point

r’= vector to any source-bearing point in space

Sv (r-’)= source strength per unit volume at r’

This equation for the “extended source term” (integrated volumetric source term) has the
exponential point attenuation kernel given by:

K(R) = B(@):> [A-n]

The solution to
geometries, is an
Equation A-12.

Equation A-10, for simple
exponential integral function

me-p
E, (X)= xn-+-dp

.Pn’

cases of uniformly distributed source
[G1-1], whose general form is given by

[A-12]

Further description of the exponential point attenuation kernel can be found in Ref. Gl-
lb.

For the problem at hand, the uncollided gamma flux at the interface of the stainless-steel
liners with the shielding material and at the canister outer diameter is given by Equation
A-13 [Ja-1].

4.1 = LOJ%(PS,A )
[A-13a]

4.’2 = b.1 ‘Z(Pl?l@e~illl‘z) [A-13b]

~uJ = @u2E2@d3) [A-13c]

where: @Ui= uncollided gamma flux density at outer diameter of region i [y/cm*-s]

~~= linear attenuation coefficient of region i [I/cm]

ti = thickness of region i [cm]



The above uncollided fluxes are evaluated at the canister center plane (mid-height) and
have a gamma mean free path (mfp) lengths (also called the relaxation length) in the
radial direction given by (~t). The shield material thicknesses are obtained from the
canister design and typical mass attenuation coefficients can be seen in Table A-4.

Table A-4. Mass Attenuation Coefficients* I
Gamma
Energy
[Me~

0.1
0.3
0.5
0.6
0.8
1.0
1.5
2.0

I

Mass Attenuation Coefficients, (vJp)x [cm2/g]
II

Air

0.151
0.106
0.0868
0.0804
0.0706
0.0635
0.0517
0.0445

Concrete

0.169
0.107

0.0870
0.0804
0.0706
0.0635
0.0517
0.0445

Iron

0.344
0.106
0.0828
0.0762
0.0664
0.0595
0.0485
0.0424

Calcium

0.238
0.109
0.0876
0.0809
0.0708
0.0634
0.0518
0.0451

* Data from Ref. Ra-1 (see Equation A-7b for usage).

Silicon

0.172
0.107
0.0869
0.0802
0.0706
0.0635
0.0517
0.0447

Aluminum Oxygen

0.161
0.103

0.0840
0.0777
0.0683
0.0614
0.0500
0.0423

0.151
0.107
0.0870
0.0806
0.0708
0.0636
0.0518
0.0445

Modifying Equation A-13 to include the gamma flux buildup results in: I
@bl = WSSL )#.o ~2(l%tl) [A-14a]

#b2= ‘(Pn2a*eridt2)$bl ‘2@nmeridt2)
[A-14b]

~b3 = ‘@SSt3)@b2 ‘2@SSt3) [A-14c]

where:

B = buildup factor for the shield material

Buildup factors can be seen in Table A-5 and the solution for EQis shown in Figure A-4.
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Table A-5. Dose Buildup Factors for a Point Isotropic Source (a)
I

Material

Water

AIuminum

Iron

Tin

Tungsten

Lead

Uranium

Gamma !
Energy

Relaxation Lengths, p (b)

0.5 2.52 5.14 14.3 38.8 77.6
1.0 2.13 3.71 7.68 16.2 27.1
2.0 1.83 2.77 4.88 8.46 12.4

Y
0.5 I 2.37 4.24 9.47 21.5 38.9
1.0 2.02 3.31 6.57 13.1 21.2
2.0

0.5 1.98 3.09 5.98 11.7 19.2
1.0 1.87 2.89 5.39 10.2 16.2
2.0 1.76 2.43 4.13 7.25 10.9

0.5 1.56 2.08 3.09 4.57 6.04
1.0 1.64 2.30 3.74 6.17 8.85
2.0 1.57 2.17 3.53 5.87 8.53

0.5
1.0

2.0

I

2.0
I

1.33
1111~

1.64 2.23 3.09 3.95

Data from Ref. Ra-lb
P = mass attenuation coefficient [crn2/g]x shield thickness [an] x shield density I

[g/cm’]. I
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Figure A-4. Solution for Ez. (Taken from Ja- lb.) 028ml

A rough approximation for Ez(b) can be given by Equation A-15 (the fit for b values
greater than 14 was based on data in Ref. Ah-l and the fit for b values less than 14,
obtained by using singular value decomposition (SVD, Ref Sa-2), was based on data in
Ref. Ja-lb):

E2 (b) =

where:

e-b /(b +2) l~b >14 (goodforl% accuracy)]
e-(c1+c2b+c3b2+c4b3) if 14> b 21 (good for7% accuaracy)

I

[A-15]
e–(c5+c6b+c7b2+c8b3)

if 12 b >0 (good for3% accuracy)

C, = 5.5565607E – 01 C5 = 1.7837543E –02

C2 = 1.4190903~+00 C6 = 3.O1O585OE+OO
C3 = –3.3941944E– 02 CT= –2.0438538E + 00

C4 = 1.1209473E–03 C8= 9.3175783E–01

61



Equation A-15 was programmed directly into the computer code SHIELD (see Appendix
C) and polynomial fits (obtained with the code COUNTACH, Ref. Sa-2) for attenuation
coefficients and buildup factors (also programmed into SHIELD) are presented into
Appendix B.

For dose rates (or exposure rates) external to the canister, the reduction in the dose rate
relative to the canister surface value is simply the ratio of the canister radius to the
distance of the external location from the center line of the canister. Values for this ratio
are shown in Figure A-5.

External Dose Ratio

1.0 1.0

0.9

0.8

0.2

l-+---

0.9

0.8

0.2

2.5ml~
0.1

0.0c_tk’””llll 3.0 m
0.1

0.0
1.0 1.5 2.0 2.5 3.0

Outer Cask Radius (m)

Figure A-5. Solution for external dose ratio due to geometrical spread. (Prototype cask
radius is 1.14 meters. Added distance is distance away from the cask
surface.)
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7.2 Appendix B - Shielding Parameters

This appendix contains the results of data fits for shielding parameters (i.e., buildup
factors, attenuation coefficients, etc.,) identified in Appendix A and used in the code
SHIELD (see Appendix C).

1Table B-1. Listing of Data Fit for Depleted Uranium Buildup Factor
1

This file contains the data for Buildup factors

for W (monodirectional source) as a function of mu’ thick

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = Cl * EXP( C2*X + C3*Y )

I OR IN REDUCED FORM
F = K1 * EXP( K2*XR + K3*YR )

(WHERE XR = Xt(+4.0000OOOE-~00) )

/ (WHERE YR = Yf(-Fl.5000000E+Ol) )

ARE GIVEN BY :

c(l)= 9.7792223E-01 K(l)= 9.7792223E-01
C(2)= 1.1832534E-01 K(2)= 4.7330137E-01
C(3)= 8.9406006E-02 K(3)= 1.34109O1E+OO

THE CALCULATED SOLUTIONS ARE

x Y ORIGINAL CALCULATED
DATA DATA

RELATIVE %

ERROR ERROR

0.5000000E+O0
0.5000000E+O0
0.5000000E+O0
0.5000000E+O0

0.5000000E+00
0.5000000E+O0
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1

O.1OOOOOOE+O1
O.1OOOOOOE+O1

O.1OOOOOOE+O1
0.2000000E+01
0.2000000E+01
0.2000000E+Ol

0.2000000E+01
O-2000000E+01
0.2000000E+Ol
0.3000000E+Ol
0.3000000E+Ol
0.3000000E+01
0.3000000E+01

O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2

0.1500000E+02
O.1OOOOOOE+O1

0.2000000E+01
0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01

0.1170000E+01
0.1280000E+01
0.1450000E+01
0.1600000E+01
0.1730000E+01
O.31OOOOOE+O1
0.1300000E+01
0.1530000E+01
0.1900000E+01
0.2320000E+01
0.2700000E+01

0.3600000E+01
O-1330000E+01
0.1620000E+01
0.21.50000E+01
0.2870000E+01
0.3560000E+01
0.4890000E+01
0.1290000E+01
0.1570000E+01
0.21.30000E+01
0.3020000E+01

0.1134558E+01 -0.3544155E-01
0.1240668E+01 -0.3933248E-01
0.1483585E+01 0.3358516E-01
0.1939984E+01 0.3399837E+O0
0.2536785E+01 0.8067852E+O0

0.3966673E+01 0.8666727E+O0
0.1203707E+01 -0.9629269E-01
0.1316283E+01 -0.2137165E+O0
0.1574006E+01 -0.3259936E+O0
0.2058221E+01 -0.2617785E+O0
0.2691397E+01 -0.8603305E-02

0.4208433E+01 0.6084327E+O0
0.1354905E+01 0.2490530E-01

0.1481622E+01 -0.1383778E+O0
0.1771718E+01 -0.3782822E+O0

0.2316755E+01 -0.5532448E+O0
0.3029464E+01 -0.5305363E+O0
0.4737055E+01 -0.1529449E+O0
0.1525095E+01 0.2350953E+O0
0.1667729E+01 0.9772915E-01
0.1994264E+01 -0.1357363E+O0
0.2607763E+01 -0.4122365E+O0

3.0292
3.0729

2.3162
21.2490
46.6350
27.9572
7.4071

13.9684
17.1576

11.2836
0.3186

16.9009

1.8726
8.5418

17.5945
19.2768
14.9027
3.1277

18.2244
6.2248
6.3726

13.6502
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0.3000000E+01
0.3000000E+01

0.4000000E+01
0.4000000E+01

0.4000000E+01
0.4000000E+01
0.4000000E+01
0.4000000E+Ol

O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+Ol

0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02

0.3990000E+01
0.5940000E+01

0.1250000E+01
0.1490000E+01

0.2020000E+01
0.2940000E+01
0.4060000E+01
0.6470000E+01

0.3409995E+01 -0.5800045E+O0
0.5332078E+01 -0.6079222E+O0

0.1716663E+01 0.4666629E+O0
0.1877213E+01 0.3872130E+O0
0.2244764E+01 0.2247637E+O0

0.2935325E+01 -0.4674697E-02
0.3838326E+01 -0.2216741E+O0
0.6001841E+01 -0.4681585E+O0

14.5365
10.2344

37.3330
25.9875
11.1269
0.1590

5.4600
7.2358

_________________________________________________________________________________________
SIGMA= 3.9571E-01

THE MAXIMUM ERROR OCCURS AT :

0.5000000E+O0 O.1OOOOOOE+O2 0.1730000E+01 0.2536785E+01 0.8067852E+O0 46.6350 %
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1Table B-2. Listing of Data Fit for Iron Buildup Factor

This file contains the data for Buildup factors
for Iron (monodirectional source) as a function of mu’thick

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = Cl * X’*C2 * Y’*C3

OR IN REDUCED FORM
F = K1 * XR**K2 * YR**K3
(WHERE XR = X/(i-6.0000OOOE+OO) )

(WHERE YR = Y/(i-1.5ooooooE+-ol) )

ARE GIVEN BY :

C(l)= 1.7572102E+OO K(l)= 8.2472841E+O0
C(2)= -2.8696747E-01 K(2)= -2.8696747E-01
c(3)= 7.6081795E-01 K(3)= 7.6081795E-01

THE CALCULATED SOLUTIONS ARE

x Y OR:[GINAL CALCULATED RELATIVE %

DATA DATA ERROR ERROR

0.5000000E+00
0.5000000E+O0

0.5000000E+O0
0.5000000E+O0
0.5000000E+O0
0.5000000E+00
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
0.2000000E+Ol
0.2000000E+Ol

0.2000000E+Ol
0.2000000E+Ol
0.2000000E+01
0.2000000E+Ol
0.3000000E+Ol
0.3000000E+Ol
0.3000000E+Ol
0.3000000E+Ol
0.3000000E+Ol

0.3000000E+Ol
0.4000000E+01

0.4000000E+Ol
0.4000000E+Ol
0.4000000E+Ol
0.4000000E+01
0.4000000E+01
0.6000000E+01

0.6000000E+01

O.1OOOOOOE+O1
0.2000000E+01

0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+Ol
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+Ol
0.4000000E+01
0.7000000E+Ol
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+Ol
0.4000000E+01

0.7000000E+Ol
O.1OOOOOOE+O2
0.1500000E+02

O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+Ol
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1

0.2000000E+01

0.20’70000E+01
0.2940000E+01
0.48’70000E+01
O.831OOOOE+O1
0.1240000E+02
0.2060000E+02
0.1920000E+01
0.2740000E+01
0.4570000E+01
O.781OOOOE+O1
0.1160000E+02
0.1890000E+02
0.1690000E+01
0.2350000E+01
0.3760000E+01

O.611OOOOE+O1
0.8780000E+01
0.1370000E+02
0.1580000E+01

0.2130000E+01
0.3320000E+01

O-5260000E+01
O.741OOOOE+O1
0.1140000E+02
0.1480000E+01
0.1900000E+01

0.2950000E+01
O.461OOOOE+O1
0.6460000E+01
0.9920000E+01
0.1350000E+Ol
O.1’71OOOOE+O1

o.2,~43925E+ol ().’73$I2473E.()1

0.3632775E+01 0.6927755E+O0
0.6155560E+01 0.1285560E+01
0.9422698E+01 0.1112698E+01
0.1236026E+02 -0.3974353E-01
0.1682677E+02 -0.3773226E+01
O.175721OE+O1 -0.1627898E+O0
0.2977507E+01 0.2375066E+O0
0.5045239E+01 0.4752392E+O0
0.7723061E+01 -0.8693885E-01
O.1O13O75E+O2 -0.1469248E+01
0.1379161E+02 -O.51O8387E+O1

0.1440250E+01 -0.2497500E+O0
0.2440433E+01 0.9043319E-01

0.4135195E+01 0.3751945E+00

0.6329999E+01 0.2199992E+O0
0.8303398E+01 -0.4766021E+O0
0.1130392E+02 -0.2396076E+01
0.1282051E+01 -0.2979486E+O0
0.2172373E+01 0.4237331E-01
0.3680980E+01 0.3609802E+O0
0.5634705E+01 0.3747051E+O0
0.7391343E+01 -0.1865653E-01
O.1OO6229E+O2 -0.1337711E+01
0.1180462E+01 -0.2995378E+O0
0.2000235E+01 O.1OO2354E+OO

0.3389301E+01 0.4393009E+O0
0.5188213E+01 0.5782135E+O0
0.6805657E+01 0.3456566E+O0
0.9264957E+01 -0.6550427E+O0
O.1O5O799E+O1 -0.2992011E+O0
0.1780527E+01 0.7052732E-01

3.5712
23.5638
26.3975
13.3899
0.3205

18.3166
8.4786
8.6681

10.3991
1.1132

12.6659
27.0285

14.7781
3.8482

9.9786
3.6006
5.4283

17.4896
18.8575
1.9894

10.8729
7.1237

0.2518
11.7343
20.2390
5.2755

14.8916

12.5426
5.3507
6.6033

22.1630
4.1244

68



0.6000000E+01 0.4000000E+01 0.2480000E+01 0.3017016E+01 0.5370164E+O0 21.6539

0.6000000E+01 0.7000000E+01 O.381OOOOE+O1 0.4618334E+01 0.8083344E+O0 21.2161
0.6000000E+01 O.1OOOOOOE+O2 0.5350000E+Ol 0.6058116E+01 0.7081157E+O0 13.2358
0.6000000E+01 0.1500000E+02 0.8390000E+01 0.8247284E+01 -0.1427159E+O0 1.7010

_________________________________________________________________________________________
SIGMA = 1.2795E+O0

THE MAXIMUM ERROR OCCURS AT :

O.1OOOOOOE+O1 0.1500000E+02 0.1890000E+02 0.1379161E+02 -O.51O8387E+O1 27.0285 %
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I Table B-3. Listing of Data Fit for Lead Buildup Factor I
This file contains the data for Buildup factors
for lead (monodirectional source) as a function of mu’thick

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = c1 * x**c~ * y**~3

OR IN REDUCED FORM
F = K1 * XR**KZ * ~*.K3
(WHERE XR = X/(-k4.0000OOOE+OO) )
(WHERE YR = Y/(-~1.5000000E+Ol) )

ARE GIVEN BY :

c(l)= 1.0643266E+O0 K(l)= 5.6525889E+O0

c(2)= 2.2681979E-01 K(2)= 2.2681979E-01

c(3)= 5.0048274E-01 K(3)= 5.0048274E-01

THE CALCULATED SOLUTIONS ARE

x Y ORIGINAL CALCULATED RELATIVE %
DATA DATA ERROR ERROR

0.5000000E+O0
0.5000000E+O0
0.5000000E+O0
0.5000000E+O0

0.5000000E+O0
0.5000000E+00
O.1OOOOOOE+O1
O.1OOOOOOE+O1

O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
O.1OOOOOOE+O1
0.2000000E+01
0.2000000E+01
0.2000000E+01
0.2000000E+01
0.2000000E+01
0.2000000E+01

0.3000000E+01
0.3000000E+01

0.3000000E+01
0.3000000E+01
0.3000000E+01

0.3000000E+01
0.4000000E+01

0.4000000E+01
0.4000000E+01
0.4000000E+01
0.4000000E+01

0.4000000E+01
-—----__— ------

O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01

O.1OOOOOOE+O2
O-1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01
0.7000000E+01
O.1OOOOOOE+O2
0.1500000E+02
O.1OOOOOOE+O1
0.2000000E+01
0.4000000E+01

0.7000000E+01
O.1OOOOOOE+O2

0.1500000E+02
O.1OOOOOOE+O1

0.2000000E+01
0.4000000E+01

0.7000000E+01
O.1OOOOOOE+O2

0.1500000E+02
----.___———____

0.1240000E+01
0.1390000E+Ol
0.1630000E+01
0.1870000E+01
0.2080000E+01
O.31OOOOOE+O1

0.1380000E+01
0.1680000E+01
0.2180000E+01
0.2800000E+01
0.3400000E+01
0.4200000E+01
0.1400000E+01
0.1760000E+01
O.241OOOOE+O1
0.3360000E+01
0.4350000E+01
0.5940000E+Ol

0.1360000E+01
O.171OOOOE+O1
0.2420000E+01

0.3550000E+01
0.4820000E+01

0.7180000E+01
0.1280000E+01

0.1560000E+01
0.2180000E+01
0.32,90000E+01
0.4690000E+01
0.7700000E+01

---_.._—— -------

0.9094846E+O0 -0.3305154E+O0
0.1286636E+01 -O.1O33641E+OO
0.1820187E+01 0.1901869E+O0
0.2408531E+01 0.5385315E+O0

0.2879241E+01 0.7992414E+O0
0.3527026E+01 0.4270264E+O0
O.1O64327E+O1 -0.3156734E+O0
0.1505689E+01 -0.1743112E+O0

0.2130078E+01 -0.4992185E-01
0.2818590E+01 0.1858985E-01
0.3369439E+01 -0.3056067E-01
0.4127511E+OI -0.7248864E-01
0.1245531E+01 -0.1544692E+O0

0.1762036E+01 0.2036014E-02
0.2492729E+01 0.8272918E-01
0.3298462E+01 -0.6153831E-01

O-3943095E+01 -0.4069054E+O0
0.4830230E+01 -O.11O977OE+O1
0.1365512E+01 0.5511766E-02
0.1931772E+01 0.2217715E+O0
0.2732852E+01 0.3128518E+O0

0.3616200E+01 0.6619988E-01
0.4322930E+01 -0.4970702E+O0

0.5295523E+01 -0.1884477E+01
0.1457585E+01 0.1775855E+O0

0.2062027E+01 0.5020270E+O0
0.2917122E+01 0.7371224E+O0

0.3860033E+01 0.5700329E+O0
0.4614416E+01 -0.7558381E-01

0.5652589E+01 -0.2047411E+01
-------------—-_-—---—— -------

SIGMA

26.6545
7.4363

11.6679
28.7985
38.4251
13.7750

22.8749
10.3757
2.2900
0.6639
0.8988
1.7259

11.0335
0.1157
3.4327
1.8315

9.3541
18.6830
0.4053

12.9691
12.9278
1.8648

10.3127
26.2462
13.8739
32.1812
33.8130
17.3262
1.61i6

26.5898
.----—------——
— 6.4694E-01

THE MAXIMUN ERROR OCCURS AT :

0.5000000E+O0 O.1OOOOOOE+O2 0.2080000E+01 0.2879241E+01 0.7992414E+O0 38.4251 %
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Table B-4. Listing of Data Fit for Exposure-to-Absorbed Dose Conversion
Factor

EXDOSUR to absorbed dose conversion ratio
f- [rad/R]

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = Cl + C2*X + C3’X**2 + c4’x*’3 + ..

x

OR IN REDUCED FORM
F = K1 + K2*XR + K3*XR**2 + K4*XR**3 + ...

(WHERE XR = X/(+4.0000000E+OO) )

ARE GIVEN BY :

c(l)= 9.7466174E-01 K(l)= 9.7466174E-01
C(2)= -4.1084113E-O2 K(2)= -1.6433645E-01
C(3)= 7.4287014E-03 K(3)= 1.1885922E-01

THE CALCULATED SOLUTIONS ARE

ORIGINAL CALCULATED RELATIVE %
DATA DATA ERROR ERROR

O.1OOOOOOE+OO
0.1500000E+O0
0.2000000E+O0
0.3000000E+O0
0.4000000E+O0
0.5000000E+O0
0.6000000E+O0
0.8000000E+O0
O.1OOOOOOE+O1
O-1250000E+01
0.1500000E+01
0.2000000E+Ol
0.3000000E+Ol
0.4000000E+Ol

-------.— ________

O.1OOOOOOE+OO

O.1O17OOOE+O1
0.9820000E+O0
0.9560000E+O0
0.9470000E+O0
0.9360000E+O0
0.9420000E+O0
0.9420000E+O0
O.941OOOOE+OO
0.9360000E+O0
0.9390000E+O0
0.9420000E+O0
0.9400000E+O0
O.911OOOOE+OO
0.9280000E+O0

0.9706276E+O0 -0.4637238E-01
0.9686663E+O0 -0.1333373E-01
0.9667421E+O0 O.1O742O7E-O1
0.9630051E+O0 0.1600509E-01
0.9594167E+O0 0.2341669E-01
0.9559769E+O0 0.1397686E-01
0.9526856E+O0 O.1O68561E-O1
0.9465488E+O0 0.5548820E-02
O.941OO63E+OO 0.5006330E-02
0.9349139E+O0 -0.4086053E-02
0.9297502E+O0 -0.1224985E-01
0.9222083E+O0 -0.1779168E-01

0.9182677E+O0 0.7267716E-02
0.9291845E+O0 0.1184513E-02

4.5597
1.3578
1.1236
1.6901
2.5018
1.4837

1.1344
0.5897
0.5349
0.4351
1.3004
1.8927
0.7978
0.1276

-----------------------------------------------------------
SIGMA= 1.7869E-02

THE MAXIMUM ERROR OCCURS Al? :

O.1O17OOOE+O1 0.9706276E+O0 -0.4637238E-01 4.5597 %
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~ TableB-5. Listing of Data Fit for Air Mass Attenuation Coefficient

Mass Ener~–Absorption Coefficient

(mu/rhp)_air [cm”2/g]

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = Cl + C2*X + C3’X**2 + C4*X**3 + ..

OR IN REDUCED FORM
F = K1 + K2*XR + K3*xR**2 + K4*XR*’3 + ...

(WHERE XR = X/(+4.0000000E+OO) )

ARE GIVEN BY :

C(l)=2.7353947E-02 K(l)= 2.7353947E-02
C(2)= 5.5507960E-04 K(2)= 2.2203184E-03
C(3)= -7.1288708E-04 K(3)= -1.1406193E-02

THE CALCULATED SOLUTIONS ARE

x ORIGINAL CALCULATED RELATIVE %
DATA DATA ERROR ERROR

O.1OOOOOOE+OO
0.1500000E+O0
0.2000000E+O0
0.3000000E+O0
0.4000000E+O0
0.5000000E+O0

0.6000000E+O0
0.8000000E+O0
O.1OOOOOOE+O1
0.1250000E+01
0.1500000E+01
0.2000000E+Ol
0.3000000E+01
0.4000000E+01

0.2330000E-01
O.251OOOOE-O1
0.2680000E-01
0.2880000E-01
0.2960000E-01
0.2970000E-01

0.2960000E-01
0.2890000E-01
0.2800000E-01
0.2680000E-01

0.2560000E-01
0.2380000E-01
O.211OOOOE-O1
0.1940000E-01

0.2740233E-01 O.41O2326E-O2
0.2742117E-01 0.2321169E-02
0.2743645E-01 0.6364470E-03
0.2745631E-01 -0.1343689E-02
0.2746192K-01 -0.2138084E-02
0..2745326E-O1 -0.2246735E-02

0.2743035E-01 -0.2169645E-02
0.2734176E-01 -0.1558237E-02
0.2719614E-01 -0.8038609E-03
0.2693391E-01 O.13391OOE-O3
0.2658257E-01 0.9825700E-03
0.2561256E-01 0.1812557E-02
0.2260320E-01 0.1503202E-02
0.1816807E-01 -0.1231928E-02

17.6065
9.2477
2.3748
4.6656

7.2233
7.5648
7.3299
5.3918
2.8709

0.4997
3.8382
7.6158
7.1242
6.3501

SIGNA = 1.9587E-03

THE NAXIMUM ERROR OCCURS AT :

O.1OOOOOOE+OO 0.2330000E-01 0.2740233E-01 O.41O2326E-O2 17.6065 %
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I Table B-6. Listing of Data Fit for Iron Mass Attenuation Coefficient I

Mass Energy-Absorption Coefficient
(mu/rhp)_iron [cmA2/g]

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = C1/X + C2 + C3*X + C4*X**2 + ...

OR IN REDUCED FORM
F = K1/XR + K2 + K3*XR + K4*xR**2 + ...

(WHERE XR = x/(+2.0000000E+oo) )

ARE GIVEN BY :

C(l)= 3.2906432E-02 K(l)= 1.6453216E-02
C(2)= 1.0391703E-02 K(2)= 1.0391703E-02
C(3)= 1.0415693E-02 K(3)= 2.0831386E-02

THE CALCULATED SOLUTIONS ARE

x ORIGINAL CALCULATED RELATIVE %

DATA DATA ERROR ERROR

O.1OOOOOOE+OO
0.3000000E+O0
0.5000000E+O0
0.6000000E+O0
0.8000000E+O0
O.1OOOOOOE+O1

0.1500000E+01
0.2000000E+01

0.3440000E+O0
O.1O6OOOOE+OO
0.8280000E-01
0.7620000E-01
0.6640000E-01
0.5950000E-01
0.4850000E-01
0.4240000E-01

0.3404976E+O0 -0.3502403E-02
0.1232045E+O0 0.1720452E-01
0.8141241E-01 -0.1387585E-02
0.7148517E-01 -0.4714827E-02
0.5985730E-01 -0.6542702E-02
0.5371383E-01 -0.5786171E-02
0.4795286E-01 -0.5471359E-03
0.4767631E-01 0.5276305E-02

1.0181
16.2307
1.6758

6.1874
9.8535
9.7247
1.1281

12.4441

____________________________________________________________________________
SIGMA = 7.8998E-03

THE MAXIMUM ERROR OCCURS AT :

0.3000000E+O0 O.1O6OOOOE+OO 0.1232045E+O0 0.1720452E-01 16.2307 %
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I Table B-7. Listing of Data Fit for Lead Mass Attenuation Coefficient I

Mass Energy-Absorption Coefficient

(mu/rhp)_lead [cm’’2/g]

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = Cl * X’*C2 * EXP(-C3/X)

OR IN REDUCED FORM
F = K1 * XR**K2 ‘ EXP(-K3/XR)

(WHERE XR = X/(+2.0000OOOE+OO) )

ARE GIVEN BY :

C(l)= 5.6077678E-02 K(l)= 3.5233374E-02
C(2)= -6.7048400E-01 K(2)= -6.7048400E-01
C(3)= -3.0495029E-01 K(3)= -1.5247515E-01

THE CALCIJLATED SOLUTIONS ARE

x ORIGINAL CALCULATED RELATIVE %

DATA DATA ERROR ERROR

O.1OOOOOOE+OO
0.3000000E+00
0.5000000E+O0
0.6000000E+O0
0.8000000E+O0
O.1OOOOOOE+O1
0.1500000E+01
0.2000000E+01

0.5400000E+01
0.4040000E+O0
O.161OOOOE+OO
0.1250000E+O0
0.8850000E-01
0.7080000E-01
0.5170000E-01
0.4550000E-01

0.5541870E+01 0.1418698E+O0
0.3474022E+O0 -0.5659776E-01
0.1642488J3+O0 0.3248827E-02
0.1313005E+O0 0.6300519E-02
0.9534862E-01 0.6848623E-02
0.7607260E-01 0.5272599E-02
0.5236195E-01 0.6619493E-03
O.41O3679E-O1 -0.4463214E-02

2.6272
14.0093
2.0179
5.0404
7.7386
7.4472
1.2804
9.8093

SIGMA= 5.7911E-02

THE MAXIMUM ERROR OCCURS AT :

0.3000000E+O0 0.4040000E+O0 0.3474022E+O0 -0.5659776E-01 14.0093 %
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Table B-8. Listing of Data Fit for Average Gamma-Ray Energy as a Function
of Time (see Figure 5-2)

Average Photon Energy
time [yr] Energy [eV]

as a function of Time PWR )

THE POLYNOMIAL COEFFICIENTS FOR THE EQUATION

F = C1/X + C2 + C3*X + C4*X*’2 + ...

OR IN REDUCED FORM
F = K1/XR + K2 + K3*XR + K4*XR’*2 + ...

(WHERE XR = x/(+1.0000000E+02) )

ARE GIVEN BY :

C(l)= 4.5839019E-01 K(l)= 4.5839019E-03
C(2)= 2.1220484E-01 K(2)= 2.1220484E-01

THE CALCULATED SOLUTIONS ARE

x ORIGINAL CALCULATED RELATIVE %

DATA DATA ERROR ERROR

0.5000000E+01 0.3053000E+O0 0.3038829E+O0 -0.1417120E-02 0.4642
O.1OOOOOOE+O2 0.2544000E+O0 0.2580439E+O0 0.3643861E-02 1.4323
0.3000000E+02 0.2300000E+O0 0.2274845E+O0 vO.2515485E-02 1.0937
O.1OOOOOOE+O3 0.2165000E+O0 0.2167887E+O0 0.2887441E-03 0.1334

____________________________________________________________________________

SIGMA = 2.6893E-03

THE MAXIMUM ERROR OCCURS AT :

O.1OOOOOOE+O2 0.2544000E+O0 0.2580439E+O0 0.3643861E-02 1.4323 %
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7.3 Appendix C - Computer Code Used in Shielding Calculations

Table C-1. Listing of Computer Code SHIELD (Version 2.04). (Selected Results
From This Code Are Presented in Appendices C, E and F)

C23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol2SHLOOOOl
c 1 2 3 4 5 6 7 SHLOOO02

c SHLOOO03
c SSSSSS HH HH II EEEEEE LL DDDDD
c Ss

SHLOOO04
HH HH II EE LL DD DD SHLOOO05

c Sss HH HH II EE LL DD DD SHLOOO06
c Ssss HHHHHHHH II EEEEEE LL DD DD
c Ss

SHLOOO07
HH HH II EE LL DD DD SHLOOO08

c Ss 555 HH HH II EE LL DD DD SHLOOO09
c 555555 HH HH II EEEEEE LLLLLL DDDDD SHLOOO1O
c SHLOOO1l
c A POINT KERNEL SHIELDING SET OF CALCULATIONS FOR FIRST-ORDER SHLOO012
c INVESTIGATION OF SHIPPING CASK SHIELDING OF INTRINSIC GAMMA SHLOO013
c RADIATION FROM RADIONIJCLIDES (ACTIVATION PRODUCTS, NEUTRON SHLOO014
c ACTIVATION, AND FISSION PRODUCTS) FROM SPENT NUCLEAR FUELS. SHLOO015
c SHLOO016
c _l_l_/ _l J _/
c –1

_/_/_/ SHLOO017

_/_/ _/ _/ SANDIA NATIONAL LABORATORIES _/_/ SHLOO018
c _l_l._i J _/ _/ –../ NUCLEAR WASTE MANAGEMENT CENTER _/_/_/_/_/_/’SHLOOOl9
c / _/ _/_/ _/ _/ _/_/ _/ SHLOO020
c _/_/_/ _/ _/ _l_/_/_/ J _/_/
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

_l_l_/
************** *ok*********

* ISSUED 13Y *
* SANDIA LABORATORIES, *
* A PRIME CONTRACTOR *
******** TO THE ‘

* UNITED STATES *
* DEPARTMENT *
* OF *
* ENERGY ‘

************** ******* -._No.TICE--- ************** *******

*THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED*
* BY THE UNITED STATES GOVERNMENT. NEITHER THE UNITED *
* STATES NOR THE UNITED STATES DEPARTMENT OF ENERGY, *
* NOR ANY OF THEIR EMPLOYEES, *

* NOR ANY OF THEIR CONTRACTORS, SUBCONTRACTORS, OR THEIR *
* EMPLOYEES, NAKES ANY WARRANT Y, EXPRESS OR IMPLIED, OR *
* ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE *
* ********** ACCURACY, **’*’*’*** *
* * * COMPLETENESS * * *
* * * OR USEFULNESS * * *
* * * OF ANY * * *
* * * INFORMATION, * * *

* * * APPARATUS, * * *
* **** * PRODUCT * **** *
* * * OR PROCESS ‘ * *
* * * DISCLOSED, ‘ * *
* * * OR REPRESENTS ‘ * *
* * ** THAT ITS ‘* * *
* * ** USE WOULD NOT ‘* * *
********* ** INFRINGE ** *********

** PRIVATELY **
** OWNED **
** RIGHTS. **
** **
** **
** **

_/ SHLOO021
SHLOO022
SHLOO023
SHLOO024
SHLOO025
SHLOO026
SHLOO027
SHLOO028
SHLOO029
SHLOO030
SHLOO031
SHLOO032
SHLOO033
SHLOO034
SHLOO035
SHLOO036
SHLOO037
SHLOO038
SHLOO039

SHLOO040
SHLOO041

SHLOO042
SHLOO043
SHLOO044
SHLOO045
SHLOO046
SHLOO047
SHLOO048
SHLOO049
SHLOO050

SHLOO051
SHLOO052
SHLOO053
SHLOO054
SHLOO055
SHLOO056
SHLOO057
SHLOO058
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*************** *****c SHLOO059
c SHLOO060

c SHLOO061
c SHLOO062

C23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol2SHLOOO63
c 1 2 3 4 5 6 7 SHLOO064

c SHLOO065

c SHLOO066

c ************'*'******'*****'***'**************'****'***'**************sHLooo67
c ***************************************************'******************sHLooo68
c ******************** MODULE SHIELD *********************sHL(300fj9

c ********'***'****'**************'******'**'***************************sHLooo7o
c ***'*************************************'*'******************'******'sHLooo7l
c SHLOO072

C23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol2SHLOOO73
c

c
c
c
c
c
c
c

c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c

1 2 3 4 5 6 7 SHLOO074

SHLOO075
PROGRAM : SHIELD.FOR VERSION : 2.04 TYPE : F77 SHLOO076
SYSTEM : Independent DATE : AUG,1999 CLASS : UNCLASSIFIEDSHLOO077
PROGRAMMER : L.C.SANCHEZ (6832) SHLOO078

SHLOO079
+------------------------------------------------------------------ +SHLOO080

coDE- SHIELD .FOR

LAWRENCE C. SANCHEZ

DISCLAIMER
— --- -

THIS COMPUTER PROGRAM WAS PREPARED AS AN ACCOUNT OF WORK
SPONSORED BY AN AGENCY OF THE UNITED STATES GOVERNMENT.
NEITHER THE UNITED STATES GOVERNMENT NOR ANY AGENCY THEREOF,
NOR ANY OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS,
SUBCONTRACTORS , OR THEIR EMPLOYEES, MAKES ANY WARRENTY,
EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR
RESPONSIBILITY FOR THE ACCURACY , COMPLETENESS, OR
USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR
PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT
INFRINGE PRIVATELY OWNED RIGHTS. REFERENCE HEREIN TO ANY
SPECIFIC COMMERICAL PRODUCT, PROCESS, OR SERVICE BY TRADE
NAME , TRADEMARK , MANUFACTURER , OR OTHERWISE, 00ES NOT
NECESSARILY CONSTITUTE OR IMPLY ITS ENDORSEMENT ,
RECOMMENDAT ION, FAVORING BY THE UNITED STATES GOVERNMENT,

ANY AGENCY THEREOF OR ANY OF THEIR CONTRACTORS OR
SUBCONTIUiCTOR S. THE VIEWS AND OPINIONS EXPRESSED HEREIN Ml
NOT NECESSARILY STATE OR REFLECT THOSE OF THE UNITED STATES
GOVERNMENT , ANY AGENCY THEREOF OR ANY OF THEIR CONTRACTORS
OR SUBCONTRACTORS.

SHIELD.FOR IS A F77 COMPUTER PROGRAM FOR ESTIMATING THE
REDUCTION IN DOSE RATES DUE THE USE OF SHIELDING MATERIALS.

THIS CODE USES THE POINT KERNEL METHOD TO PERFORM SHIELDING
CALCULATIONS . THE CODE IS SETUP TO PERFORM THESE CALCULAT-
IONS AS A SERIES OF CALCULATIONS FOR: 1) VARIOUS SHIELDING
NATERIALS (LEAD, DEPLETED URANIUM (DU), AND STAINLESS STEEL
(REPRESENTATIVE BY SHIELDING PROPERTIES OF IRON), 2) VAR-
IOUS THICKNESS FOR THE SHIELDING MATERIAL REGION, AND 3)
ENERGY OF THE GAMMAS BEING SHIELDED. THE VALUES OF THE
ABOVE PARAMETERS ARE HARD CODED BELOW WITHIN THE CODE. THE
OUTPUT FROM THE CODE ARE PRESENTED IN FOLLOWING FILES:

OUTPUT DATA FILES : CONTENTS
____________________________________________________________

REGULATORY LIMIT: 200 mrem/yr
1) SHIELD_Ol .DAT : LEAD SHIELD/NO SS LINERS/.25->l.5 GAMMAS
2) SHIELD_02 .DAT : LEAD SHIELD/ SS LINERS/.25->l.5 GAMMAS
3) SHIELD_03 .DAT : DU SHIELDINO SS LINERS/.25->l.5 GAMMAS
4) SHIELD_04 .DAT : DU SHIELD/ SS LINERS/.25->l.5 GAMMAS

\sHL00081

lsHL00082
lsHL00083

lsHL00084
ISHLOO085
lsHL00086
lsHL00087
lsHL00088
lsHL00089
\sHL00090
\sHL00091
ISHLOO092
lsHL00093
\sHL00094
lsHL00095
ISHLOO096
lsHL00097
lsHL00098
lsHL00099
lsHLOOlOO
lsHLOOlOl

lsHL00102
lsHL00103
lsHL00104
ISHLOO1O5
lsHL00106
ISHLOO1O7
IsHLOO1O8

lsHL00109
lsHLOOl10

lsHLOOlll
lsHL00112
lsHL00113

\sHL00114
lsHL00115
lsHL00116

\sHL00117
IsHLo0118

lsHL00119
lsHL00120

lsHL00121
lsHL00122
ISHLO0123

lsHL00124
ISHLO0125
lsHL00126

lsHL00127
lsHL00128
IsHLo0129
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c I REGULATORY LIMIT: 50 mR/yr @ 1 meter IsHLO0130
c 5) SHIELD_05 .DAT : LEAD SHIELD/NO SS LINERS/.25->l.5 GAMMAS lsHL00131
c I 6) SHIELD_06 .DAT : LEAD SHIELD/ SS LINERS/.25->l.5 GAMMAS ISHLOO132
c 7) SHIELD_07 .DAT : DU sHIELD/NO SS LINERS/.25->l.5 GAMMAS ISHLO0133
c 8) SHIELD_08 .DAT : DU SH.IELD/ SS LINERS/.25->l.5 GAMMAS

c1

lsHL00134
REGULATORY LIMIT: 10 mrem/yr @ 2 meters lsHL00135

c 9) SHIELD_09 .DAT : LEAD SHIELD/NO SS LINERS[.25->1.5 GAMMAS lsHL00136

c1 10) SHIELD_10 .DAT : LEAD SHIELD/ SS LINERS/.25->l.5 GAMMAS
c

ISHLO0137
11) SHIELD_ll .DAT : DU SEIELD/NO SS LINERS/.25->l.5 GAMMAS lsHL00138

d 12) SHIELD_12 .DAT : DU SHIELD/ SS LINERSI.25->1.5 GAi@lAS lsHL00139
c lsHL00140

c1 lsHL00141
c +------------------------------------------------------------------ +SHLO0142
c SHLO0143
C23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol23456789Ol2SHLOOl44
c 1 2 3 4 5 6 7 SHLO0145

c SHLO0146
PROGRAM SHIELD SHLO0147
CHARACTER’1O CLIMIT ! Type of regulatory limit SHLO0148

c ! CLIMIT = 200mrem/hr -– cask surface SHLO0149
c ! = 50mR/hr -- @ 1 meter SHLOO150
c ! = 10mrem/hr -- @ 2 meter SHLO0151

WRITE(6,9000) SHLO0152
9000 i?oRMAT(l/,T4 ,’ [MODULEI INP[7T APPLICATION TO BE USED: v SHLO0153

l,//,TIO,:[lI Reg Limit = 200 mrem/hr at Cask Surfaces SHLO0154
2,/ ,TIO,’ [2] Reg Limit = 50 mR/hr at 1.meter from Cask’ SHLOO155
3,/ ,TIO,’ [3] Reg Limit = 10 mrem/hr at 2 meter from Cask’ SHLO0156
4,/ ,TIO,’ [4] Quit <1> ‘,$)SHLO0157

c SHLO0158
READ(5,8000) IANS SHLO0159

8000 FORMAT(I1) SHLO0160
IF(IANS.EQ.0) IANS = 1 SHLO0161
IF(IANS.EQ.1) CLIMIT=’200mrem/hr’ SHLO0162
IF(IANS.EQ.2) CLIMIT=’50mR/hr ‘ SHLO0163
IF(IANS.EQ.3) CLIMIT=’10mrem/hr ‘ SHLO0164
IF(IANS.GE.4) STOP SHLO0165

c SHLO0166
CALL KERNEL(CLIMIT) SHLO0167

c SHLO0168
NUMBER=l+(IANS-1) *4 SHLO0169
wRITE(6,91OO) NUMBER, NUMBER+:L, NUMEER+2, NDMBER+3 SHLO0170

9100 FORMAT( SHLO0171

c

c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

1 //,TIO, ‘OUTPUT FILES GENERATED’ SHLO0172
2,/,T14rfSHIELD_I,12,’ .DAT: LEAD SHIELD/NO LINERS/.25->l.5 GAMMAS’ SHL00173
3,/,T14,’sHIELD_0,12,s.DAT: LEAD SHIELD/ LINERSI.25->1.5 GAMMAS’ SHLO0174
4,/,T14,[SHIELD_’,12,’ .DAT: DU SHIELD/NO LINERS/.25->l.5 GAMMAS’ SHLO0175
5,/,T14,’SHIELD_s,12,’.DAT: DU SHIELD/ LINERS/.25->l.5 GAMMAS’ SHLO0176

6) SHLO0177
sHLO0178

STOP SHLO0179
END SHLOO180

***.****.*sHLoo181

* KERNEL *SHLO0182
**********SHLO0183

SUBROUTINE KERNEL(CLIMIT) SHLO0184
THIS SUEROUTINE IS USED TO PRODUCE SHIELDING CALCULATIONS BY uSINGSHLO0185

THE POINT KERNEL METHOD. THESE CALCULATIONS ARE FOR A SHIPPING SHLO0186
CASK WITH THREE REGIONS: a) 1.0 IN (2.54 CM) STAINLESS STEEL INNERSHLO0187
LINER, b) THE MAJOR SHIELDING REGION, AND C) 1.5 IN (3.81 CM) SHLO0188
STAINLESS STEEL OUTER LINER (SEE FIGURE :FOR THE CROSS SECTION OF SHLOO189
THE RIGHT HAND CYLINDER SHIPPING CASK). SHLO0190

FIGURE 1 -- CASK CROSS SECTION

----- c -----

/ ---- B --- \
// -A- \\

//1 \\\
/// \\\

Ill II

SHLO0191
SHLO0192
SHLO0193
SHLO0194

REGION: A -> SS INNER LINERSHLO0195
B -> SHIELDING SHLO0196
C -> SS OUTER LINERSHLO0197

SHLO0198
SHLO0199

DIMENSIONS: ID -> 182.2 CMSHLO0200
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c
c

c
c

c
c

c
c

c
c
c
c

c
c

c

c
c

c

c

c

Ill ,1 ,1 ,1 IL SS THICK = 2.54 CMSHLO0201

\\\ OL SS THICK = 3.81 CMSHLO0202

\ \\ /// SHLO0203
\\ // SHLO0204

\ ----------- / SHLO0205
SHLO0206

SURFACES: O -> ID of REGION A SHLO0207
1 -> ID of REGION B, OD of REGION ASHLO0208

2 -> ID of REGION C, OD of REGION BSHLO0209
3 -> OD of REGION CSHLOO21O

SHLO0211
SHLO0212

IMPLICIT DOUBLE PRECISION (A-H,O-Z) ! Default –> Double PrecisionSHLO0213
CHARACTER*8O LINE(7) ! Character string for TitlesSHLO0214
CHARACTER*15 FILE08, FILE09,FILE10, FILE11 ! Filenames SHLO0215
CHARACTER’1O CLIMIT ! Type of regulatory limit SHLO0216

! CLIMIT = 200mrem/hr -- cask surface SHLO0217
! = 50mR/hr -- @ 1 meter SHLO0218

; ~er5=on=nE~/hr -- @ 2 meter SHLO0219
CHARACTER*4 VERSIO SHLO0220

CHARACTER*4 IDNANE ! Name of shield SHLO0221
SHLO0222
SHLO0223

VERSIO = ‘2.04’ ! Version number (must match line #76) SHLO0224
IUNIT6 = 6 ! Device number for writing SHLO0225
IUNIT7 = 7 ! output. SHLO0226
IUNIT8 = 8 SHLO0227
IUNIT9 = 9 SHLO0228
IUNTIO = 10 SHLO0229
IUNT1l = 11 SHLO0230

SHLO0231
IFLAGD = O ! Diagnostic Flag O -> off SHLO0232

! 1 -> on SHLO0233
IF(CLIMIT.EQ. ‘200mrem/hr’ ) THEN ! @ Cask Surface SHLO0234

FILE08 . ‘shield_plll.dat’ SHLO0235
FILE09 = ‘shield_p102.dat’ SHLO0236
FILElO = ‘shield_p103.dat’ SHLO0237
FILE1l . ‘shield_p104.dat’ SHLO0238

ENDIF SHLO0239
IF(CLIMIT.EQ. ‘50mR/hr ‘) THEN ! @ 1 Meter SHLO0240

FILE08 = ‘shield_p105.dat’ SHLO0241
FILE09 = ‘shield_p106.dat’ SHLO0242
FILE1O = ‘shield_p107.dat’ SHLO0243
FILE1l = ‘shield_p108.dat’ SHLO0244

ENDI F SHLO0245

IF(CLIMIT.EQ.’lOmrem/hr ‘) THEN ! @ 2 Meter SHLO0246
FILE08 . ‘shield_p109.dat’ SHLO0247
FILE09 = ‘shield~l10.dat’ SHLO0248
FILElO = ‘shield_plll.dat’ SHLO0249
FILE1l = ‘shield_pl12.dat’ SHLO0250

ENDIF SHLO0251
IF(IFLAGD.GE.1) 0PEN(IUNIT7,FILE= ’DIAG.OUT’ ,STATUS=’UNKNOWN’) SHLO0252
0PEN(IUNIT8 ,FILE=FILE08 ,STATUS=’UNKNOWN ‘) SHLO0253
0PEN(IUNIT9 ,FILE=FILE09 ,STATUS=’UNKNOWN ‘) ! Open files SHLO0254
OPEN(IUNTIO, FILE=FILE1O, STATUS=’UNKNOWN ‘) SHLO0255
OPEN(IUNT1l ,FILE=FILE1l ,STATUS=’UNKNOWN ‘) SHLO0256
IF(IFLAGD.GE.1) REWIND(IUNIT7) SHLO0257
REWIND(IUNIT8 ) SHLO0258
REWIND(IUNIT9 ) SHLO0259
REWIND(IUWT1 O) SHLO0260
REWIND(IUNT11) SHLO0261

SHLO0262
LINE(l) ='+------------------------------------------------------- ‘SHLO0263

+ 11’ -----------------------+ ‘ SHLO0264
LINE(2)=’1 Code: S H I ELD Version: ‘sHLO0265

+ //’ 1’ SHLO0266
LINE(2) (40:43) = VERSIO SHLO0267
LINE(3)=’ I ‘SHLO0268

+ //’ 1’ SHLO0269
IF(CLIMIT.EQ. ‘200mrem/hr’) THEN SHLO0270
LINE(4)=’ I Regulatory Limit: Cask Surface DoseRate . 200 mrem/hr’SHLO0271
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+ //’ 1’ SHLO0272
RNDIF SHLO0273
IF(CLIMIT.EQ. ‘50mR/hr ‘) THEN SHLO0274
LINE(4)=’ I Regulatory Limit.: Exposure Rate . 50 mR/hr at 1 meter’SHLO0275

+ //’ 1’ SHLO0276
ENDIF SHLO0277

IF(CLIMIT.EQ.’lOmrem/hr ‘) THEN SHLO0278
LINE(4)=’ I Regulatory Limit: Dose Rate = 10 mrem/hr at 2 meter ‘SHLO0279

+ //’ 1’ SHLO0280
ENDIF SHLO0281
LINE(5)=’]

+
‘sHLO0282

//’ 1’ SHLO0283
LINE(6) =' +------------------------------------------------------- ‘sHLO0284

+ //’-----------------------+ ‘ SHLO0285
LINE(7)=’

+
‘sHLO0286

//’

WRITE(IUNIT6,9000) LINE

SHLO0287

SHLO0288
9000 FORMAT(A80) SHLO0289

c SHLO0290
c SHLO0291

RHOIRO = 8.00D+OO ! Iron/SS Density [gm/cm”31 SHLO0292
RHODU = 18.5D+O0 ! DU (depleted uranium) Density [gm/cmA31SHL00293
RHOLED = 11.35D+O0 ! Leaci Density [gm/cmA3] SHLO0294
PI = 4.OD+OO * DATAN(I.OD+OO) ! Calculate PI from arctan(l)SHLO0295
RADIUS = 182.2D+O0 / 2.OD+OO ! Dimension of ID of cask [cm]SHLO0296
DOSERA = 1000OO.OD+OO ! Dose Rate [R/hr] at surface of HLW SHLO0297
WRITE (IUNIT6,901O) DOSERA,RAD:U-JS,RHOIRO,RHOLED,RHODU ! TitlesSHLO0298

9010 FORMAT( SHLO0299

+ l///,T5INITIALAL IMPUT PARAMETERS’, SHLO0300
+ /,TIO, ‘SOURCE TERM EXPOSURE RATE =’,F9.1, ‘ [R/HR]’,
+

SHLO0301
/,TIO,’INNER CASK RADIUS = ‘,F5.2,’ [CM]’, SHLO0302

+ /,TIO,’DENSITY (SS305L) := ‘,F5.2,’ lG/CCl’, SHLO0303
+ /,TIO,’DENSITY (LEAD ) := ‘,F5.2,’ [G/cc]’,
+

SHLO0304
/,TIO,’DENSITY ( DU ),=! ,F5.2,’ [G/CC]’,//) SHLO0305

c SHLO0306
LINE(l)='+-------------------------------------------------------- ‘SHLO0307

+ //’---------–-------------+ ‘ SHLO0308
LINE(2)=’ I OUTPUT FROM ONE-DIMENSIONAL SHIELDING CALCULATIONS ’SHLO0309

+ //’ 1’ SHLOO31O
LINE(3)=’ l------------------------------------------------------- ‘SHLO0311

+ /at_________--_____-_____-} I SHLO0312
LINE(4)=’\ GAMMA I SS SKIELDRII SHIELDING REGION 21 SS SHI’SHLO0313

+ //’ELD R31 SURFACE\ WEIGHT]’ SHLO0314
IF(CLIMIT.EQ. ‘50mR/hr ‘) THEN SHLO0315
LINE(4)=’ I GAMMA \ SS SHIELDRII SHIELDING REG1ON2I SS SHI’SHLO0316

+ //’ELDR31 @ 1 m I WEIGHTI’ SHLO0317
ENDIF SHLO0318
IF(CLIMIT.EQ.’lOmrem/hr ‘) THEN SHLO0319
LINE(4)=’ I GAMNA I SS SHIELDRII SHIELDING REGION 21 SS SHI’SHLO0320

+ //’ELDR31 @ 2 m I WEIGHTI’ SHLO0321
ENDIF SHLO0322
LINE(5)=’ IENERGY FLUX I THICK FLUX I THICK FLUX I THICK ‘sHLO0323

+ /;’ FLUX lDOSEILiTE\ 1’
LINE(6)=’l(MEV)(l/CM2S)l (CM) (1/CM2S)l ID (CM) (1/CM2S)

+ //’/CM2S)l(MREM/H)l (MT/M)l’
IF(CLIMIT.EQ. ‘50mR/hr ‘) THEN
LINE(5)=’ IENERGY FLUX I THICK FLUX I THICK FLUX

+ //’ FLux IEXPOSURE\ 1’
LINE(6)=’\(MEV)(l/CM2S)l (CM) (1/CM2S)l ID (CM) (1/CM2S)

+ //’/CM2S)](NR/HR) I (MT/M)l’
ENDIF

SHLO0324
(CM) (1’sHLO0325

SHLO0326
SHLO0327

THICK ‘sHLO0328
SHLO0329

(CM) (1’SHL00330
SHLO0331

SHLO0332
LINE(7)='+-------------+-------------+-------------------+------- ‘SHLO0333

+ //’------+--------+-------+ ‘ SHLO0334
WRITE(IUNIT6,9011) LINE SHLO0335

9011 FORMAT(A80) SHLO0336
DO 5000 GAMNEV =0.250D+O0, 1.50D+O0, 0.25D+O0 ! Gamma Energy [MeV]SHLO0337

IF(IFLAGD.GE.1) WRITE(IUN1T7,9012) GAIQ4EV,CD(GANMEV) !DiagnosticSHLO0338
9012 FORMAT(TIO, ‘GAMMA/MEV=’ ,1PI.E1O.4,’ CD()=’,1P1E1O.4) SHLO0339

FLUXO=DOSERA/ CD(GAMMEV) ! Gamma Flux (gamma/cm”2-sec)SHLO0340
DO 4000 SHTHO1 =0.OD+OO, 2.54001D+O0, 2.54D+O0 ! Region 1 thick SHLO0341

RELAX=SHTHO 3.*RHOIRO*XMORNO_IRON (GMEv) ! Relaxation Length SHLO0342

8CI



9018

9019

+

c

9016

9017

FLUX1=FLUXO’B.IRON (GAMMEV,RELAX) *E2(RELAX) ! Surface 1 G-FluxSHLO0343
IF(IFLAGD.GE.l) THEN ! DiagnosticsSHLO0344

WRITE(IUNIT7,9013) GAMMEV,XMURHO_IRON(GAIfYIEV) SHLO0345
9013 FORMAT(T15, ’GAMFWMEV= ‘,1P1E1O.4,’ MU/RHO()=’,lPIEIO.4) SHLO0346

WRITE(IUNIT7,9014) SHTHO1,RHOIRO SHLO0347
9014 FORMAT(T15,’SH THICKICM]=’, 1P1E1O.4,’ RHO(IRON) =’,lPIEIO .4)SHLOO348

WRITE(IUNIT7,9015) RELAX,FLUX1 SHLO0349
9015 FORMAT(T15, ‘RELAX= ’,1P1E1O.4, ‘ FLUX1=’,1P1E1O.4) SHLO0350

ENDIF SHLO0351
DO 3000 IDMATE = 1, 2, 1 ! Materials, l-lead, 2-DU, 3-IronSHLO0352

DO 2000 SHTH03 =0.OD+OO, 3.8101D+OO, 3.81D+O0 !Regn 2 thickSHLO0353
DO 1000 SHTH02 =O.OD+OO, 20.001D+O0,1.0D+O0 !Region 3 thickSHLO0354

IF(SHTH02.LT.3.0D+O0.AND.SHTH02 .NE.O.OD+OO) GO TO 1000 SHLO0355
IF(IDMATE.EQ.1) THEN ! Region 2 material -> LeadSHLO0356

IDNAME=’LEAD ‘ ! ID SHLO0357
RHO=RHOLED ! density [gm/cm”3] SHLO0358

XMURHO=XMURHO.LEAD (GAMMEV) ! Product of mu & rhoSHLO0359
RELAX=SHTH02*RHO*XMURH0 ! Relaxation length SHLO0360
B=B_LEAD(GAMMEV ,RELAX) !Gamma buildup factorSHLO0361

ENDIF SHLO0362
IF(IDMATE.EQ.2) THEN ! Region 2 material -> DU SHLO0363

IDNAME=’ DU ‘ SHLO0364
RHO=RHODU SHLO0365
XMURHO=XMURHO.DU (GAMMEV) SHLO0366
RELAX=SHTH02 ‘RHO*XMURHO SHLO0367
B=B_DU(GAMMEV ,RELAX) SHLO0368

ENDIF SHLO0369
IF(IDMATE.EQ.3) THEN ! Region 2 material -> IronSHLO0370

IDNAME=’IRON ‘ SHLO0371
RHO=RHOIRO SHLO0372
XMURHO=XMOllHO_IRON (GAMMEV) SHLO0373
RELAX=SHTH02 *RHO*XMLJRHO SHLO0374
B=B_IRON(GAMMEV, RELAX) SHLO0375

ENDIF SHLO0376
! Write out Headers SHLO0377

FLUX2=FLUX1*B*E2 (RELAX) !Surface 2 G-flux [1/cm’’2-s]SHLOO378
IF(IFLAGD.GE.1) THEN ! DiagnosticsSHLO0379

WRITE(IUNIT7,9016) IDNANE,RHO SHLO0380
FORMAT(T20, ’IDNAME=’,A4, ‘ RHO=’,1P1E1O.4) SHLO0381
WRITE(IUNIT7,9017) XMURHO,B SHLO0382
FoRMAT(T20,’Mu/RHo=’,lPIElo .4,’ B=’,1P1E1O.4) SHLO0383
WRITE(IUNIT7,9018) SHTH02,RELAX SHLO0384
FORMAT(T25,’ SHIELD TH=’,1P1E1O.4,’ RELAX= ’,1P1E1O.4)SHLOO385
WRITE(IUNIT7,9019) FLUX2 SHLO0386
FORMAT (T25,’FLUX2=’ ,1P1E1O.4) SHLO0387

ENDIF SHLO0388
RELAX=SHTH03*RHOIRO*XMURHO_IRON(GAMMEV) !Region3 relaxSHLO0389
FLUX3=FLUX2*B_IRON (GANMEV,RE=) *E2(RELAX) ! Region 3SHLO0390
DOSERM=FLUX3*CD(GAMMEV) *F(GAMMEV) *1OOO.OD+OO !Region 3SHLO0391
EXPOSU=FLUX3 *CD(GAMMEV)*1OOO .OD+OO SHLO0392
SOLUTI=DOSERM SHLO0393
IF(CLIMIT.EQ. ‘50mR/hr ‘) THEN ! @ 1 Meter SHLO0394

RADTOT=IW.DIUS+2 .540+SHTH02+3 .81D0 SHLO0395
EXPOSU=EXPOSU*RADTOT/ (RADTOT+1OO. ODO) SHLO0396
SOLUTI=EXPOSU SHLO0397

ENDIF SHLO0398

IF(CLIMIT.EQ.’lOmrem/hr ‘) THEN ! @ 2 Meter SHLO0399
RADTOT=RADIUS+2 .540+SHTH02+3 .81D0 SHLO0400
DOSERM=DOSERM*RADTOT/ (RADTOT+200. ODO) SHLO0401
SOLUTI=DOSERM SHLO0402

ENDIF SHLO0403
SSTH01=2.54D0 ! SS Liner #1 thickness (must always) SHLO0404
SSTH03=3.81D0 ! SS Liner #2 thickness (include wt) SHLO0405
WEIGHT=RHOIRO*PI* ((RADIUS+SSTHO1) **2-RADIuS**2 ) ![g/cm]SHLO0406
+RHO*PI*( (RADIUS+SHTH02+SSTH01) **2–(RADIUS+SSTH01) **2)SHLO0407

+RHOIRO*PI*( (RADIUS+SSTH03+SHTH02+SSTH01) **2– SHLO0408
(RADIus+sHTH02+ssTH01 )**2) SHLO0409
WEIGHT=WEIGHT/l .0E+04 ! Linear weight [mt/m]SHLO0410

! Write 0UTPUTSHLO0411
IF(SOLUTI.LE.200.OD+OO.AND.DOSERM.GT.1. OD+OO) THEN SHLO0412
WRITE(IUNIT6,91OO) GAMMEV,FLUXO ,SHTHO1,FLUX1 ,IDNAME,SHLO0413

+
+

c
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+ SHTH02,FLUX2 ,sHTHo3,FLux3 ,soLuTI,sHLoo414

WEIGHT SHLO0415
9100+ FORMAT( ’I’ ,F4.2,1P,E9.2, 0P,’I’, F4.2,1P,E9 .2,0P, ’I ’,A4SHLO0416

+ ,F6.2,1P,E9.2,0P, ’I’,F4 .2,1P,E9.2,0P, ’I ’,1X,F6 .2,1X, SHLO0417
+ ‘I’,lP, E7.1, OP,’ I’) SHLO0418

ELSE SHLO0419
WRITE (IUNIT6,9200) GAMMEV, FLUXO, SHTHO1,FLUX1, IDNAME,SHLO0420

+ SHTH02,FLUX2 ,SHTH03,FLUX3 ,SOLUTI,SHLO042 1

WEIGHT
9200+

SHLO0422
FoRMAT( ’I ’,F4.2,1,P,E9.2, OP,’I’ ,F4.2,1P,E9.2,0P, ‘1 ‘,A4SHLO0423

c
c
c
c

c

c

c

c

c
c

c
c

c

c

c

+ ,F6.2,1P,E9.2,0P, ’I’,F4 .2,1P,E9.2,0P, ’I ’,1P,E8.2, OP, SHLO0424
+ ‘I’,lP, E7.1, OP,’ I’) SHLO0425

ENDIF SHLO0426
IF(SHTH02.LT. 2.0D+O0.AND.SHTH02 .NE.O.OD+OO) GO TO 1000 SHLO0427
[The above IF statement is used because the dose con- SHLO0428
version ratios and the flux buildup factors are not SHLO0429
accurate below shielding thicknesses of 2.Ocm (and for SHLO0430
gamma energies greater than 1.0 MeV).] SHLO0431

SHLO0432
IUNIT = O SHLO0433
3D-Plot Lead Shielding/no SS Liners/ 0.25 -> 1.5 gammasSHLO0434
IF(SHTHO1.EQ.0.00D+OO.AND.IDMATE. EQ.1.AND.

-..—.. ---

+ SHTH03.EQ. 0.00D+OO) IUNIT = IUNIT8

3D-Plot Lead Shielciing/SS Liners/ 0.25 -> 1.5 gammas
IF(SHTHO1.EQ.2.54D+O0.AND. IDMATE.EQ.1.AND.

+ SHTH03.EQ.3 .81D+OO) IUNIT = IUNIT9

3D-Plot DU Shielding/no SS Lhs2rS/ 0.25 -> 1.5 gammas
IF(SHTHO1.EQ.0.00D-}00.AND. IDMATE.EQ.2.AND.

+ SHTH03.EQ. 0.00D+-00) IUNIT = IUNTIO

3D-Plot DU Shielding/SS Liners/ 0.25 -> 1.5 gammas
IF(SHTHO1.EQ.2.54D-EOO.AND. IDPl&TE.EQ-2.AND.

+ SHTH03.EQ.3 .81D+OO) IUNIT = IUNTII

IF(IUNIT.EQ.0) GO TO 1000

IF(CLIMIT.EQ. ‘200mrem/hr’) THEN ! @ Cask Surface
WRITE(IUNIT,9300) GAMMEV, SHTH02,DOSERN

ENDIF
IF(C!LIMIT.EQ. ‘50mR/hr ‘) THEN ! @ 1 Meter

WRITE(IUNIT,9300) GAMMEV, SHTH02,EXPOSU
ENDIF
IF(CLIMIT.EQ.’lOmrism/hr ‘) THEN ! @ 2 Meter

WRITE(IUNIT,9300) GAMMEV,SHTH02, DOSERM
ENDIF

9300 FORMAT(3(2X, 1P1E14.7) )
1000 CONTINUE
2000 CONTINUE
3000 CONTINUE
4000 CONTINUE
5000 CONTINUE

c

SHLUU435
SHLO0436
SHLO0437
SHLO0438
SHLO0439
SHLO0440
SHLO0441
SHLO0442
SHLO0443
SHLO0444
SHLO0445
SHLO0446
SHLO0447
SHLO0448
SHLO0449
SHLO0450
SHLO0451
SHLO0452

SHLO0453
SHLO0454
SHLO0455
SHLO0456

SHLO0457
SHLO0458
SHLO0459
SHLO0460
SHLO0461
SHLO0462
SHLO0463
SHLO0464
SHLO0465
SHLO0466
SHLO0467
SHLO0468

9999 CLOSE(IUNIT8) ! Close OUTPUT files andSHLO0469
CLOSE(IUNIT9 ) ! end program SHLO0470
CLOSE(IUNTIO ) SHLO0471
CLOSE(IUNT1l) SHLO0472
IF(IFLAGD.GE.1) CLOSE(IUNIT7) SHLO0473
RETURN SHLO0474
END SHLO0475

c ******s~Loo47fj

c * CD *SHL00477
c ******sHLoo478

DOUBLE PRECISION FUNCTION CD(GAMMEV) SHLO0479
c THIS FUNCTION SUBPROGRAM CALCULATES THE FLUX-TO-DOSE CONVERSION
c

SHLO0480
FACTOR (relative to air) . SHLO0481
IMPLICIT DOUELE PRECISION (A-H,O-Z) SHLO0482
CD = 0.0659D-03*GAMNEV*XNURHCI.AIR(GAMMEV) ! [(cmA2-sec/gamma) SHLO0483
RETURN ! x (R/hr)l SHLO0484
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c
c
c

c
c
c

c

c
c

c

c
c
c

c
c
c

c
c
c
c

c
c
c

c
c
c
c

c
c
c

c
c
c
c
c
c

END SHLO0485
*****~~L(30486

* F *SHLO0487
*****~~~o(3488

DOUBLE PRECISION FUNCTION F(GAMMEV) SHLO0489

THIS FUNCTION SUBPROGIWM CALCULATES THE EXPOSURE-TO-ABSORBED DOSE SHL00490
CONVERSION RATIO. (F IS BASED ON A POLYNOMIAL FIT TO TABLUATED SHL00491
DATA, THIS IS DESCRIBED IN ONE OF THE APPENDICES FOR THE REPORT.) SHLO0492
IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0493

Cl = 9.7466174D-01 SHLO0494

C2 = -4.1084113D-O2 SHLO0495

C3 = 7.4287014D-03 SHLO0496

F = Cl + C2’GAMMEV + C3*GAMMEV**2 ! [rad/R] SHLO0497

RETURN SHLO0498

END SHLO0499
**************5HLO0500

* XMURHO_AIR *SHLO0501
****.*.*******sHLoo502

DOUBLE PRECISION FUNCTION XMURHO.AIR(GAMMEV) SHLO0503
THIS FUNCTION SUBPROGRAM CALCULATES THE MASS ENERGY-ABSORPTION SHLO0504

COEFFICIENT FOR AIR. (XMURHO_AIR IS BASED ON A POLYNOMIAL FIT TOSHL00505
TABULATED DATA, THIS IS DESCRIBED IN ONE OF THE APPENDICES FOR THESHLO0506
REPORT.) SHLO0507

IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0508
Cl = 2.7353947D-02 SHLO0509

C2 = 5.5507960D-04 SHLOO51O

C3 = -7.1288708D-04 SHLO0511

XMUREO_AIR = Cl + C2*GAMMEV + C3*GAMMN**2 ! [cmA2/gm] SHLO0512
RETURN SHLO0513

END SHLO0514
***************SHLO0515

* XMURHO_IRON *SHLO0516
***************5HLO0517

DOUBLE PRECISION FUNCTION XMURHO_IRON(GAMMEV) SHLO0518
THIS FUNCTION SUBPROGRAM CALCULATES THE MASS ENERGY-ABSORPTION SHLO0519

COEFFICIENT FOR IRON. (XMURHO_IRON IS BASED ON A POLYNOMIAL FIT SHLO0520
TO TABULATED DATA, THIS IS DESCRIBED IN ONE OF THE APPENDICES FOR SHLO0521
THE REPORT.) SHLO0522
IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0523
Cl = 3.2906432D-02 SHLO0524

C2 = 1.0391703D-02 SHLO0525
C3 = 1.0415673D-02 SHLO0526

XMURHO_IRON = C1/GAMMEV + C2 + C3*GAMMEV ! [cmA2/gmI SHLO0527
RETURN SHLO0528
END SHLO0529

***************CJHL0053(3

* XMURHO_LEAD *SHLO0531
..*******.*****sHLoo532

DOUBLE PRECISION FUNCTION XMURHO_LEAD(GAMMEV) SHLO0533
THIS FUNCTION SUBPROGRAM CALCULATES THE MASS ENERGY-ABSORPTION SHLO0534

COEFFICIENT FOR LEAD. (XMURHO_LEAD IS BASED ON A POLYNOMIAL FIT SHL00535
TO TABULATED DATA, THIS IS DESCRIBED IN ONE OF THE APPENDICES FOR SHLO0536
THE REPORT.) SHLO0537
IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0538
Cl = 5.6077678D-02 SHLO0539
C2 = -6.7048400D-01 SHLO0540
C3 = -3.0495029D-01 SHLO0541
XMURHO_LEAD = Cl * GAMMEV**C2 * DEXP(-C3/GAMMEV) ! [cmA2/gml SHLO0542
RETURN SHLO0543
END SHLO0544

*************SHLO0545

* XMURHO_DU *sHLO0546
*************SHL(30547

DOUBLE PRECISION FUNCTION XMURHO_DU(GAMMEV) SHLO0548
THIS FUNCTION SUBPROGRAM CALCULATES THE MASS ENERGY-ABSORPTION SHLO0549

COEFFICIENT FOR DU. (NOTE! DATA DID NOT EXIST IN THE REFERENCES SHLO0550
FOR DU. THUS VALUES FOR LEAD WERE SUBSTITUTED. THIS IS SHLO0551
CONSIDERED TO BE A VERY REASONABLE ASSUMPTION BECAUSE BOTH SHLO0552
MATERIALS ARE HIGH-Z MATERIALS AND SHOULD HAVE COMPARABLE SHLO0553
SHIELDING PROPERTIES. -- See XMURHO_LEAD.) SHLO0554
IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0555

83



c
c
c

c
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c

c
c
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c
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c
c
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c
c
c

XMURHO.DU=XMURHO.LEAD (GAMMEV) ! [cmA2/gml SHLO0556
RETURN SHLO0557
END SHLO0558

******5HLO(3559

‘ E2 *SHLO0560
******SHLO(3561

DOUBLE PRECISION FUNCTION E2 (RELAX) SHLO0562
THIS FUNCTION SUBPROGRAM CALCULATES THE EXPONENTIAL FUNCTION “E2’’.SHLOO563
E2 IS BASED ON A POLYNOMIAL FIT TO TABULATED DATA, THIS IS SHLO0564
DESCRIBED IN ONE OF THE APPENDICES FOR TH’IS FUNCTION IS DESCRIBED SHLO0565
IN ONE OF THE APPENDICES FOR THE REPORT.) SHLO0566
IMpLIcIT DOUBLE pREcIsION (A-H,o-z) SHLO0567
IF(RELAX.GE.14) E2 = (DEXP(-RELAX))/(RELAX+2 .OD+OO) SHLO0568
IF(RELAX.LT.14.AND.RELAX.GE. 1) THEN SHLO0569

C5 = 5.5565607D-01 SHLO0570
C6 = 1.4190903D+00 SHLO0571
C7 =-3.3941944D-02 SHLO0572
C8 = 1.1209473D-03 SHLO0573
E2 = DEXP(-(C5+C6*RELAX+C7*RELAX**2+C8*RELAX**3) ) SHLO0574

FNDIF SHLO0575
IF(RELAX.LT.1.OD+OO.AND.RELAX.GE. O.OD+OO) THEN SHLO0576

C9 = 1.7837543D-02 SHLO0577
C1O = 3.O1O585OD+OO SHLO0578
Cll =-2.0438538D+O0 SHLO0579
C12 = 9.3175783D-01 SHLO0580
E2 = DEXP(–(C9+C1O*RELAX+C11*RELAX*’2+C12*RELAX**3) ) SHLO0581

ENDIF SHLO0582
IF(RELAX.EQ.O.OD+OO) E2 = 1.OD+OO SHLO0583

SHLO0584
RETURN SHLO0585
END SHLO0586

**********SHLO(3587

* B_IRON *SHLO0588
**********5HLO(3589

DOUBLE PRECISION FUNCTION B_IRON(GAMMEV,RELAX) SHLO0590
THIS FUNCTION SUBPROGRAM CALCULATES THE GAMMA SHIELDING BUILD-UP SHLO0591
FACTOR, AS A FUNCTION OF GAMMA ENERGY, FOR IRON. (B_IRON IS BASED SHLO0592
ON A POLYNOMIAL FIT TO TABULATED DATA, THIS IS DESCRIBED IN ONE SHLO0593
OF THE APPENDICES FOR THE REPORT.) SHLO0594
IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0595
B_IRON=l.OD+O O SHLO0596
IF(RELAX.GT.l.oD+oo) THEN SHLO0597

Cl = 1.7572102D+OO . SHLO0598
C2 =-2.8696747D-01 SHLO0599
C3 = 7.6081795D-01 SHLO0600
B_IRON = Cl ‘ GAMMEV**C2 * RELAx**C3

ENDIF
SHLO0601
sHLO0602

RETURN SHLO0603
END SHLO0604

********SHLO(-J605

* B_DU *SHLO0606
********5~oo607

DOUBLE PRECISION FUNCTION B_DIJ(GAMMEV,RELAX) SHLO0608

TH1s FuNcTION SUBPROGw CALCULATES THE GAMMA SHIELDING BUILD-UP SHLO0609
FACTOR, AS A FUNCTION OF GAMMA ENERGY, FOR DU. (B_DU IS BASED SHLOO61O

ON A POLYNOMIAL FIT TO TABULATED DATA, THIS IS DESCRIBED IN ONE SHLO0611
OF THE APPENDICES FOR THE REPORT.) SHLO0612

IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0613
B_DU=l.OD+OO sHLO0614
IF(RELAX.GT.l.OD+OO) THEN SHLO0615

Cl = 9.7792223D-01 SHLO0616
C2 = 1.1832534D-01 SHLO0617
C3 = 8.9406006D-02 SHLO0618
B_DU = Cl * DEXP(GAMMEV**C2 * RELAX*$’C3) SHLO0619

ENDIF SHLO0620

RETURN SHLO0621
END SHLO0622

**********SHLO0623

* B_LEAD *SHLO0624
**********CJHLO0625

DOUBLE PRECISION FUNCTION B_LEAD(GAMMEV,RELAX) SHLO0626
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c THIS FUNCTION SUBPROGM CALCULATES THE GAMMA SHIELDING BUILD-UP SHLO0627
c FACTOR, AS A FUNCTION OF GAMMA ENERGY, FOR LEAD. (B.LEAD IS BAsED SHLO0628
c ON A POLYNOMIAL FIT TO TABULATED DATA, THIS IS DESCRIBED IN ONE SHLO0629
c OF THE APPENDICES FOR THE REPORT.) SHLO0630

IMPLICIT DOUBLE PRECISION (A-H,O-Z) SHLO0631
B_LEAD=l.OD+OO SHLO0632
IF(RELAX.GT.l.OD+OO) THEN SHLO0633

Cl = 1.0643266D+O0 SHLO0634
C2 = 2.2681979D-01 SHLO0635
C3 = 5.0048274D-01 SHLO0636
B.LEAD = Cl * GAMWEV**C2 ‘ RELAX’*C3 SHLO0637

~DIF SHLO0638
RETURN SHLO0639
END SHLO0640
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7.4 Appendix D - Standard Output From Computer Code

This appendix contains the standard output (screen copy) from the code SHIELD for the
computed dose rate at two meters from the cask surface.

Table D-1. Computational Results from SHIELD Code (Version 2.04) for Dose
Rate at Two Meters From Cask Surface. (Select Results From This
Table Are Presented in Appendices E and F)

[MODULE] INPUT APPLICATION TO BE USED:

[1] Reg Limit = 200 mrem/hr at
[2] Reg Limit = 50 mR/hr at 1
[3] Reg Limit = 10 mremlhr at
[4] Quit

+------------------------------------------

Cask Surface
meter from Cask

2 meter from Cask
<1> 3

_———_________________________——_____—+
] Code: SHIELD Version: 2.04

I Regulatory Limit: Dose Rate = 10 mrem/hr at 2 meter

+-----------------------------------..------------____---____-____--------_----__+

INITIAL IMPUT PARAMETERS
SOURCE TERM EXPOSURE RATE = 1000OO.O [R/HR]

INNER CASK RADIUS = 91.10 [CM]
DENSITY (SS305L) = 8.00 [(;/CC]
DENSITY (LEAD ) = 11.35 [(:/CC]
DENSITY ( DU ) = 18.50 [G/CCl

+-----------------------------------------------.--------------------------------+
I OUTPUT FROM ONE-DIMENSIONAL SHIELDING CAI.CULATIONS

l----------------------------------""-----------"--------------------------------!
GAMMA I SS SHIELDRII SHIELDINGREGION 21 SS SHIELDR31 @ 2 m I WEIGHTI

IENERGY FLux I THICK FLux I THIcK FLUX ] THIcK FLUX \DOSERATEl

l(MKv)(l/cM2s)\(cM) (1/cM2s)\ ID (CM) (1/CM2S)l(CM) (1/CM2S)l(NREM/H)l (MT/M)l
+–––––-------–+-----
10.25 2.21E+1110.00
10.25 2.21E+1110.00

10.25 2.21E+1110.00
10.25 2.21E+1110.00
!0.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00

10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00
10.25 2.21E+1110.00

.-------— +____--_--_--------—
2.21E+111LEAD 0.00 2.21E+11
2.21E+111LEAD .3.00 2.91E+03

2.21E+111LEAD 4.00 1.1OE+O1
2.21E+111LEAD 5.00 4.27E-02
2.21E+111LEAD 6.00 1.68E-04
2.21E+111LEAD 7.00 6.66E-07
2.21E+111LEAD 8.00 2.66E-(19

2.21E+111LEAD 9.00 1.07E-11
2.21E+111LEAD 10.00 4.35E-14
2.21E+111LEAD 11.00 1.77E-16
2.21E+111LEAD 12.00 7.22E-19
2.21E+111LEAD 13.00 2.96E-21
2.21E+111LEAD 14.00 1.21E-23
2.21E+111LEAD 15.00 5.00E-26
2.21E+111LEAD 16.00 2.06E-28
2.21E+11}LEAD 17.00 8.51E-31
2.21E+111LEAD 18.00 3.52E-33

–------------+--------+-------
0.00 2.21E+1113.16E+0713 .OE+OO
0.00 2.91E+0314.25E-0115.lE+OO

0.00 l.lOE+OII 1.62E-O3I5.8E+OO
0.00 4.27E-0216.31E-0616.5E+O0

0.00 1.68E-0412.49E-0817.3E+O0
0.00 6.66E-0719.96E-1118.OE+OO
0.00 2.66E-0914.OIE-1318.7E+O0

0.00 1.07E-1111.63E-1519.5E+O0
0.00 4.35E-1416.63E-1811.OE+O1
0.00 1.77E-1612.71E-2011.lE+O1
0.00 7.22E-1911.llE-2211.2E+01
0.00 2.96E-21]4.59E-2511.3E+01
0.00 1.21E-23[1.90E-2711.3E+01
0.00 5.00E-2617.85E-3011.4E+01
0-00 2.06E-2813.25E-3211.5E+01
0.00 8.51E-31jl.35E-3411.6E+Ol
0.00 3.52E-3315.63E-3711.7E+01
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10.252.21E+1110.00 2.21E+111LEAD 19.00 1.46E-351O.OO 1.46E-3512.34E-3911.7E+011
/0.25 2.21E+1110.00 2.21E+111LEAD 20.00 6.06E-3810.00 6.06E-3819.78E-4211.8E+Oll

10.25 2.21 E+ll10.00 2.21 E+111LEAD 0.00 2.21E+1113.81 3.46E+09j4.95E+05j 3.OE+OOl
]0.25 2.21E+1110.00 2.21E+111LEAD 3.00 2.91E+0313.81 4.56E+0116.65E-0315.lE+OO I

10.25 2.21E+1110.00 2.21E+111LEAD 4.00 1.1OE+O1I3.81 1.73E-0112.54E-0515.8E+OOI
10.25 2.21E+1110.00 2.21E+111LEAD 5.00 4.27E-0213.81 6.68E-0419.87E-0816.5E+O0 I
10.25 2.21E+ll/O.00 2.21E+111LEAD 6.00 1.68E-0413.81 2.62E-O6I3.9OE-1OI7.3E+OO I

10.25 2.21E+1110.00 2.21E+111LEAD 7.00 6.66E-0713.81 1.04E-0811.56E-1218.OE+OO I

10.25 2.21E+1110.00 2.21E+111LEAD 8.00 2.66E-09/3.81 4.17E-1116.28E-1518.7E+OOI
10.25 2.21E+1110-00 2.21E+lllLEAD 9.00 1.07E-1113.81 1.68E-1312.55E-1719.5E+OOI
10.25 2.21E+1110.00 2.21E+111LEAD 1O.OO4.35E-14I3. 81 6.80E-1611.04E-1911.OE+OII
10.25 2.21E+1110.00 2.21E+111LEAD 11.00 1.77E-1613.81 2.77E-1814.25E-2211.lE+Ol/
10.25 2.21E+1110.00 2.21E+111LEAD 12.00 7.22E-1913.81 1.13E-2011.74E-2411.2E+011
10.25 2.21E+1110.00 2.21E+111LEAD 13.002.96E-2113-81 4.63E-2317-18E-2711.3E+011

10.25 2.21E+1110.00 2.21E+111LEAD 14.00 1.21E-2313.81 1.90E-2512.97E-2911.3E+011
10.25 2.21E+1110.00 2.21E+111LEAD 15.00 5.00E-2613.81 7.82E-2811.23E-3111.4E+011
10.25 2.21E+ll10.00 2.21E+111LEAD 16.00 2.06E-2813.81 3.23E-3015.09E-3411.5E+Oll
10.25 2.21E+1110.00 2.21E+111LEAD 17.00 8.51E-3113.81 1.33E-32{2.12E-3611.6E+011
10.252.21E+ll10.002.21E+lllLEAD 18.00 3.52E-3313.81 5.51E-3518.80E-3911.7E+011

10.252.21E+ll10.002.21E+lllLE.kD 19.00 1.46E-3513.812.28E-3713.67E-41 11.7E+01/
10.25 2.21E+1110.00 2.21E+111LEAD 20.00 6.06E-3813.81 9.48E-4011.53E-4311.8E+011

10.252.21E+ll10.002.21E+lll Du 0.00 2.21E+1110.00 2.21E+1113.16E+0713.OE+OOI
10.25 2.21E+1110.00 2.21E+11] DU 3.00 5.97E-0210.00 5.97E-0218.71E-0616.4E+OOI
10.25 2.21E+1110.00 2.21E+111 DU 4.00 6.40E-0610.00 6.4OE-O6I9.4OE-1OI7.5E+OO]
10.25 2.21E+1110.00 2.21E+111 DU 5.00 7.23E-1OIO.OO 7.23E-10 I1.O7E-13I8.7E+OO I
10.252.21E+1110.00 2.21E+111 DU 6.00 8.44E-14\0.00 8.44E-1411.26E-1719.9E+OOI
10.25 2.21E+1110.00 2.21E+111 DU 7.00 1.OIE-1710.00 1.OIE-1711.51E-21]1.lE+O1 I
10.25 2.21E+1110.00 2.21E+111 DU 8.00 1.23E-2110.00 1.23E-2111-85E-2511.2E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 9.00 1.51E-2510.00 1.51E-2512.29E-2911.3E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 10.00 1.88E-2910.00 1.88E-2912. 87E-3311.5E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 11.00 2.36E-3310.00 .2.36E-3313.63E-3711.6E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 12.00 2.99E-3710.00 2.99E-3714.61E-4111.7E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 13.00 3.81E-4110-00 3.81E-4115.91E-4511.8E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 14.00 4.87E-4510.00 4.87E-4517.60E-4912.OE+O1 I
10.25 2.21E+1110.00 2.21E+111 DU 15.00 6.25E-4910.00 6.25E-4919.82E-5312 .lE+O1 I
10.25 2.21E+1110.00 2.21E+111 DU 16.00 8.07E-5310.00 8.07E-5311.27E-5612 .2E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 17.00 1.04E-5610.00 1.04E-5611.66E-6012 .4E+01 \
10.25 2.21E+1110.00 2.21E+111 DU 18.00 1.35E-6010.00 1.35E-6012.16E-6412.5E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 19.00 1.76E-6410.00 1.76E-6412.83E-6812 .6E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 20.00 2.30E-6810.00 2.30E-6813 .71E-7212.7E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 0.00 2.21E+1113.81 3.46E+0914.95E+0513.OE+OO I
10.25 2.21E+1110.00 2.21E+111 DU 3.00 5.97E-0213.81 9.34E-0411.36E-0716.4E+O0 I
10.25 2.21E+1110.00 2.21E+111 DU 4.00 6.40E-0613.81 1.00E-0711.47E-1117.5E+OOI
10.25 2.21E+1110.00 2.21E+111 DU 5.00 7.23E-1OI3.81 1.13E-1111.67E-1518.7E+OOI
10.25 2.21E+1110.00 2.21E+111 DU 6.00 8.44E-1413.81 1.32E-1511.96E-1919.9E+O0 I
10.25 2.21E+1110.00 2.21E+111 DU 7.00 1.OIE-1713.81 1.58E-1912.36E-2311.lE+O1 I
10.25 2.21E+1110.00 2.21E+111 DU 8.00 1.23E-2113.81 1.92E-2312.89E-2711.2E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 9.00 1.51E-2513.81 2.37E-2713.58E-3111.3E+01 I
10.252.21E+1110.00 2.21E+111 DU 10.00 1.88E-2913.81 2.95E-3114.49E-3511.5E+011
10.25 2.21E+ll10.00 2.21E+111 DU 11.00 2.36E-3313.81 3.70E-3515.67E-3911.6E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 12.00 2.99E-3713.81 4.68E-3917.22E-4311.7E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 13.00 3.81E-4113.81 5.95E-4319.24E-4711.8E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 14.00 4.87E-4513.81 7.62E-4711.19E-5012.OE+O1 I
]0.25 2.21E+1110.00 2.21E+111 DU 15.00 6.25E-4913.81 9.79E-5111.54E-5412.lE+O1 I
10.25 2.21E+1110.00 2.21E+111 DU 16.00 8.07E-5313.81 1.26E-5411.99E-5812.2E+011
10.25 2.21E+1110.00 2.21E+111 DU 17.00 1.04E-5613.81 1.63E-5812.59E-6212.4E+01 I
10.252.21E+1110.00 2.21E+111 DU 18.00 1.35E-6013.81 2.12E-6213.39E-6612.5E+01 I
10.25 2.21E+11]0.00 2.21E+111 DU 19.00 1.76E-6413.81 2.76E-6614.43E-7012.6E+01 I
10.25 2.21E+1110.00 2.21E+111 DU 20.00 2.30E-6813.81 3.60E-7015.81E-7412 .7E+01 I
10.25 2.21E+1112.54 1.52E+1OILEAD 0.00 1.52E+1OIO.OO 1.52E+10 I2.17E+O6I3.OE+OO I
10.25 2.21E+1112.54 1.52E+1OILEAD 3.00 2.00E+0210.00 2.00E+0212 .92E-0215.lE+OO I
10.25 2.21E+1112.54 1.52E+1OILEAD 4.00 7.57E-0110.00 7.57E-0111.llE-0415.8E+O0 I
10.25 2.21E+1112.54 1.52E+1OILEAD 5.00 2.93E-0310.00 2.93E-0314.33E-0716.5E+O0 I
10.25 2.21E+1112.54 1.52E+1OILEAD 6.00 1.15E-0510.00 1.15E-0511.71E-0917.3E+OOI
10.25 2.21E+1112.54 1.52E+1OILEAD 7.00 4.57E-0810.00 4.57E-0816.83E-1218.OE+OO I
10.25 2.21E+1112.54 1.52E+1OILEAD 8.00 1.83E-1OIO.OO 1.83E-10 I2.75E-14I8.7E+OO I
10.25 2.21E+1112.54 1.52E+1OILEAD 9.00 7.36E-1310.00 7.36E-1311.12E-1619.5E+OOI
10.25 2.21E+1112.54 1.52E+1OILEAD1O.OO 2.98E-1510.00 2.98E-1514.55E-1911.OE+OII

10.25 2.21E+ll12.54 1.52E+1OILEAD11.OO 1.21E-1710.00 1.21E-1711.86E-2111.lE+OII
10.25 2.21E+1112.54 1.52E+1OILEAD12.OO 4.95E-2010.00 4.95E-2017.64E-2411.2E+011
10.25 2.21E+1112.54 1.52E+1OILEAD13.OO 2.03E-2210.00 2.03E-2213.15E-2611.3E+011
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10.25 2.21 E+1112 .54 1.52 E+1OILEAD 14.00 8.33 E-2510.00 8.33 E-2511 .30E-2811 .3E+011
10.25 2.21E+1112.54 1.52E+1OILEAD15.OO 3.43E-2710.00 3.43E-2715.38E-3111.4E+011

10.25 2.21 E+1112 .54 1.52 E+1O[LEAD 16.00 1.41 E-2910.00 1.41E-2912 .23E-3311 .5E+01[
10.25 2.21E+1112.54 1.52E+1OILEAD17.OO 5.84E-3210.00 5.84E-3219.28E-3611.6E+011
10.25 2.21E+1112.54 1.52E+1OILEAD18.OO 2.42E-3410.00 2.42E-3413.86E-3811.7E+011
10.252.21E+1112.54 1.52E+1OILEAD19.OO 1.00E-3610.00 1.00E-3611.61E-4011.7E+011

10.252.21E+1112.54 1.52E+1OILEAD2O.OO 4.15E-3910.004.15E-3916.71E-43 11.8E+011
10.25 2.21E+1112.54 1.52E+1OILEAD 0.00 1.52E+1OI3.81 2.37E+0813.39E+0413 .OE+OO I

10.25 2.21E+1112.54 1.52E+1OILEAD 3.00 2.00E+0213.81 3.13E+O0 14.56E-0415.lE+OO]
10.25 2.21E+1112.54 1.52E+1OILEAD 4.00 7.57E-0113.81 1.18E-0211.74E-0615.8E+O0 I

10.25 2.21E+1112.54 1.52E+1OILEAD 5.00 2.93E-0313.81 4.58E-0516.77E-0916.5E+O0 I

10.25 2.21E+1112.54 1.52E+1OILEAD 6.00 1.15E-0513.81 1.80E-0712.68E-1117.3E+O0 I

10.25 2.21E+llj2.54 1.52E+1OILEAD 7.00 4.57E-08/3.81 7.14E-101 1-O7E-13I8.OE+OO I

10.25 2.21E+1112.54 1.52E+1OILEAD 8.00 1.83E-1OI3.81 2.86E-1214.31E-1618.7E+O0 I

10.25 2.21E+1112.54 1.52E+1OILEAD 9.00 7.36E-1313.81 1.15E-1411.75E-1819.5E+O0 I

10.25 2.21E+1112.54 1.52E+101LEAD lC~.00 2.98E-1513.81 4.67E-1717.12E-2111.OE+OII
10.25 2.21E+1112.54 1.52E+10 ILEAD1I..OO 1.21E-1713.81 1.90E-1912.91E-2311.lE+OII
10.25 2.21E+1112.54 1.52E+10 ILEAD12..OO 4.95E-2013.81 7.75E-2211.20E-2511.2E+011

10.25 2.21 E+1112.54 1.52 E+1OILEAD 13.00 2.03 E-2213.81 3.17 E-2414 .93E-2811 .3E+011
10.25 2.21E+1112.54 1.52E+1OILEAD14.OO 8.33E-2513.81 1.30E-2612.04E-3011.3E+011
10.25 2.21E+1112.54 1.52E+1OILEAD15OO 3.43E-2713.81 5.36E-2918.42E-3311.4E+011

10.25 2.21E+1112.54 1.52E+101LF4A D16.OO 1.41E-2913.81 2.21E-3113.49E-3511.5E+011
10.25 2.21E+1112.54 1.52E+1OILEAD17.OO 5.84E-3213.81 9.14E-3411.45E-3711.6E+011
10.25 2.21E+1112.54 1.52E+10~LEAD lfl.00 2.42E-3413.81 3.78E-3616.04E-4011.7E+011
10.25 2.21E+llj2.54 1.52E+1OILEAD19.OO 1.00E-3613.81 1.57E-3812.52E-4211.7E+011
10.25 2.21E+1112.54 1.52E+1OILEAD 20.00 4.15E-3913.81 6.50E-4111.05E-4411.8E+011
10.25 2.21E+1112.54 1.52E+1OI DU 0.00 1.52E+1OIO.OO 1.52E+1012.17E+06 I3.OE+OO I

10.25 2.21E+1112.54 1.52E+1OI DU 3.00 4.09E-0310.00 4.09E-0315.97E-0716.4E+O0 I

10.25 2.21E+1112.54 1.52E+1OI DU 4.00 4.39E-0710.00 4.39E-0716.45E-1117.5E+O0 I

10.25 2.21E+1112.54 1.52E+1OI DU 5.00 4.96E-1110.00 4.96E-1117-33E-1518.7E+O0 I
10.25 2.21E+1112.54 1.52E+1OI DU 6.00 5.79E-1510.00 5.79E-1518.61E-1919.9E+O0 I

10.25 2.21E+1112.54 1.52E+1OI DU :7.00 6.92E-1910.00 6.92E-1911.04E-2211.lE+O1 I
10.25 2.21E+1112.54 1.52E+1OI DU 8.00 8.41E-2310.00 8.41E-23/l.27E-2611.2E+Ol I

10.25 2.21E+1112.54 1.52E+1OI DU 9.00 1.04E-2610.00 1.04E-2611.57E-3011.3E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU 10.00 1.29E-3010.00 1.29E-3011.97E-3411.5E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU l:L.00 1.62E-3410.00 1.62E-3412.49E-3811.6E+01 \

10.25 2.21E+1112.54 1.52E+1OI DU 12.00 2.05E-3810.00 2.05E-3813 .17E-4211.7E+01 I
10.25 2.21E+1112.54 1.52E+1O} DU 13.00 2.61E-4210.00 2.61E-4214.05E-4611.8E+01 I
10.25 2.21E+1112.54 1.52E+1OI DU 14.00 3.34E-4610.00 3.34E-4615.21E-5012 .OE+O1 I

10.25 2.21E+1112.54 1.52E+1OI DU 15.00 4.29E-5010.00 4.29E-5016.74E-5412 .lE+O1 I
10.25 2.21E+1112.54 1.52E+1O{ DU 16.00 5.53E-5410-00 5.53E-5418.74E-5812.2E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU 1“7.00 7.16E-5810.00 7.16E-5811.14E-6112.4E+01 I
10.25 2.21E+1112.54 1.52E+1OI DU 18.00 9.29E-6210.00 9.29E-6211.48E-6512.5E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU 19.00 1.21E-6510.00 1.21E-6511.94E-6912.6E+01 I
10.25 2.21E+1112.54 1.52E+1O) DU 20.00 1.58E-6910.00 1.58E-69J2.55E-73\2.7E+Ol I

10.252.21E+1112.54 1.52E+1OI DU 0.00 1-52E+1OI3.81 2.37E+0813.39E+0413.OE+OO I

10.25 2.21E+1112.54 1.52E+1OI DU 3.00 4.09E-0313.81 6.41E-0519.35E-0916.4E+O0 I
10.25 2.21E+1112.54 1.52E+1OI DU 4.00 4.39E-0713.81 6.87E-0911.OIE-1217.5E+O0 I

10.25 2.21E+1112.54 1.52E+1OI DU
10.25 2.21E+1112.54 1.52E+1OI DU

5.00 4.96E-I.113.81 7.76E-1311.15E-1618.7E+O0 I
6.00 5.79E-15\3.81 9.06E-1711.35E-2019.9E+O0 I

}0.25 2.21E+1112.54 1.52E+1OI DU ‘7.00 6.92E-1913.81 1.08E-2011.62E-2411.lE+O1 I

!0.25 2.21E+1112.54 1-52E+1OI DU 8.00 8.41E-2313.81 1.32E-2411.98E-2811.2E+01 I
10.25 2.21E+1112.54 1-52E+1OI DU !9.00 1.04E-2613.81 1. 62E-2812.46E-3211 .3E+011
10.25 2.21E+1112.54 1.52E+1OI DU 10.00 1.29E-3013.81 2.02E-3213.08E-3611.5E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU 1.1.00 1.62E-3413.81 2.54E-3613.89E-4011.6E+01 I
10.25 2.21E+1112.54 1.52E+1O] DU 12.00 2.05E-3813.81 3.21E-40~4.95E-4411.7E+Oll
10.25 2.21E+1112.54 1.52E+1OI DU 1:3.00 2.61E-4213.81 4.08E-4416.34E-48/l.8E+Ol I

10.25 2.21E+1112.54 1.52E+1OI DU 14.00 3.34E-4613.81 5.22E-4818.16E-5212.OE+OII

10.25 2.21E+1112.54 1.52E+1OI DU 1’5.00 4.29E-5013.81 6.71E-5211 .05E-5512.lE+O1 I
10.25 2.21E+1112.54 1.52E+1OI DU 16.00 5.53E-5413.81 8.66E-5611.37E-5912.2E+01 I

10.25 2.21 E+1112 .54 1.52 E+1OI DU 1’7.00 7.16 E-5813.81 1.12 E-5911 .78E-6312 .4E+011
10.25 2.21E+1112.54 1.52E+1OI DU 18.00 9.29E-6213.81 1-45E-6312.32E-6712.5E+01 I

10.25 2.21E+1112.54 1.52E+1OI DU 19.00 1.21E-6513.81 1.89E-6713 .04E-7112.6E+01 I
10.25 2.21E+1112.54 1.52E+1OI DU 20.00 1.58E-6913.81 2.47E-7113 .99E-7512.7E+01 I
10.50 1.llE+llIO.00 1.llE+llILEAD 0.00 1.llE+llIO.00 1.11E+1113 .13E+0713.OE+OO I
10.50 1.llE+llIO.00 1.llE+llILEAD 3.00 1.16E+0810.00 1.16E+0813.35E+0415.lE+OO I
10.50 l.llE+ll10.00 1-llE+llILEAD 4.00 1.66E+0710.00 1.66E+0714.83E+0315.8E+O0 I
10.50 1.llE+llIO.00 1.llE+llILEAD 5.00 2.44E+0610.00 2.44E+0617.16E+0216 .5E+O0 I
10.50 1.llE+llIO.00 1.llE+llILEAD 6.00 3.59E+0510.00 3.59E+051 105.88 17.3E+OOI
10.50 1.llE+llIO.00 1.llE+llILEAD 7.00 5.07E+0410.00 5.07E+041 15.05 18.OE+OOl
10.50 1.llE+llIO.00 1.llE+llILEAD 8.00 7.66E+0310.00 7.66E+031 2-29 18.7E+001

88



10.50 1.llE+llIO.00 1.llE+llILEAD 9.00 1.14E+03/O.00 1.14E+0313 .41E-0119.5E+O0 I
10.50 1.llE+llIO.00 1.11E+11ILEAD1O.OO 1.69E+0210.00 1.69E+0215.10E-02 I1.OE+O1I

10.50 1.llE+llIO.00 1.llE+llILEAD 11.00 2.52E+0110.00 2.52E+0117.65E-0311.lE+OII
‘ 10.50 1.llE+llIO.00 l.llE+lllLEAD 12.00 3.76E+OOI0.00 3.76E+O0 11.15E-0311.2E+011

10.50 1.llE+llIO.00 l.llE+lllLEAD 13.00 5.64E-0110.00 5.64E-0111.74E-0411.3E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 14.00 8.47E-0210.00 8.47E-0212.62E-0511.3E+011

10.50 1.llE+llIO.00 l.llE+lllLEAD 15.00 1.27E-0210.00 1.27E-0213.97E-0611.4E+011
10.50 1.IIE+llIO.00 l.llE+lllLEAD 16.00 1.92E-0310.00 1.92E-0316.OIE-0711.5E+011

10.50 1.llE+llIO.00 l.llE+lllLEAD 17.002.90E-0410. 00 2.90E-0419.13E-0811.6E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 18.004.38E-0510. 00 4.38E-0511.39E-0811.7E+011

10.50 1.llE+llIO.00 l.llE+lllLEAD 19.00 6.63E-0610.00 6.63E-0612.llE-0911.7E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 20.00 1.OIE-0610.00 1.O1E-O6I3.22E-1OI1.8E+O1I

10.50 1.llE+llIO.00 1.llE+llILEAD 0.00 1.11E+1113.81 9.72E+0912.75E+0613.OE+OOI
10.50 1.llE+llIO.00 l.llE+lllLEAD 3.00 1.16E+0813.81 1.02E+0712 .95E+0315.lE+OO [
10.50 1.llE+llIO.00 1.llE+llILEAD 4.00 1.66E+0713.81 1.46E+0614.25E+0215.8E+O0 I
10.50 l.llE+lllo.oo 1.IIE+IIILEAD 5.00 2.44E+0613.81 2.15E+05\ 62.95 16.5E+OOI
10.50 1.llE+llIO.00 1.llE+llILEAD 6.00 3.59E+0513.81 3.16E+041 9.31 17.3E+OOI
10.50 l.llE+lllo.oo 1.llE+llILEAD 7.00 5.07E+0413.81 4.46E+031 1.32 18.OE+OOl
10.50 1.llE+llIO.00 1.llE+llILEAD 8.00 7.66E+0313.81 6.74E+0212.01E-01 [8.7E+O0 I
10.50 1.llE+llIO.00 1.llE+llILEAD 9.00 1.14E+03\3.81 9.98E+0113 .00E-0219.5E+O0 I

10.50 1.llE+llIO.00 1.11E+11ILEAD1O.OO 1.69E+0213.81 1.48E+0114.48E-0311.OE+OII
10.50 1.llE+llIO.00 1.llE+llILEAD1l.00 2.52E+0113.81 2.21E+O0 16.73E-0411.lE+OII

10.50 1.llE+llIO.00 l.llE+lllLEAD 12.00 3.76E+OO13.813.31E-0111.OIE-04 11.2E+011
10.50 1.llE+lIIO.00 l.llE+lllLEAD 13.00 5.64E-0113.81 4.96E-0211.53E-0511.3E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 14.00 8.47E-0213.81 7.45E-0312.31E-0611.3E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 15.00 1.27E-0213.81 1.12E-0313.49E-0711.4E+011
10.50 1.llE+llIO.00 l.llE+lllLEAD 16.00 1.92E-0313.81 1.69E-0415.29E-0811.5E+011

10.50 1.llE+llIO.00 l.llE+lllLEAD 17.00 2.90E-0413.81 2.55E-0518.03E-0911.6E+011
10.50 1.llE+llIO.00 1.llE+llILEAD 18.00 4.38E-0513.81 3.86E-0611.22E-0911.7E+011

10.50 1.llE+llIO.00 1.llE+llILEAD 19.00 6.63E-0613.81 5.83E-O7I1.86E-1OI1.7E+O1I
10.50 1.llE+llIO.00 l.llE+lllLEAD 20.00 1.OIE-0613.81 8.84E-0812.83E-11]1.8E+011
10.50 1.llE+llIO.00 1.llE+lII DU 0.00 1.llE+llIO.00 1.11E+1113 .13E+0713.OE+OO I
10.50 1.llE+llIO.00 1.llE+llI DU 3.00 3.30E+0610.00 3.30E+0619 .53E+0216.4E+O0 I
10.50 1.llE+llIO.00 1.llE+llI DU 4.00 1.27E+0510.00 1.27E+051 37.10 17.5E+OOI
10.50 l.llE+ll/O.00 1.llE+llI DU 5.00 5.14E+0310.00 5.14E+031 1.50 18.7E+ooI
10.50 1.llE+llIO.00 1.llE+llI DU 6.00 2.13E+0210.00 2-13E+0216.28E-0219.9E+O0 I
10.50 1.llE+llIO.00 1.llE+llI DU 7.00 9.02E+OO10.oo 9.02E+O0 12.68E-0311.lE+O1 I

10.50 1.llE+llIO.00 1.llE+llI DU 8.00 3.88E-0110.00 3.88E-0111.16E-0411.2E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 9.00 1.69E-0210.00 1.69E-0215.07E-0611.3E+01 I
10.50 1.lIE+llIO.00 l.llE+ll/ DU 10.00 7.41E-0410.00 7.41E-0412.24E-0711.5E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 11.00 3.28E-0510.00 3.28E-0519.97E-0911.6E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 12.00 1.46E-0610.00 1.46E-O6I4.47E-1OI1.7E+O1 I
10.50 1.llE+llIO.00 1.llE+llI DU 13.00 6.55E-0810.00 6.55E-0812.OIE-1111.8E+01 I
!0.50 1.llE+llIO.00 1.llE+llI DU 14.00 2.95E-0910.00 2.95E-0919.12E-1312.OE+O1 I
10.50 1.llE+llIO.00 1.llE+llI DU 15.00 1.33E-1OIO.OO 1.33E-10 I4.15E-14I2.1E+O1I
10.50 1.llE+llIO.00 1.llE+llI DU 16.00 6.04E-1210.00 6.04E-1211.89E-1512.2E+01 I
[0.50 1.llE+ll}O.00 1.llE+llI DU 17.00 2.75E-1310.00 2.75E-1318.66E-1712.4E+01 I
/0.50 l.llE+ll~O.00 1.llE+llI DU 18.00 1.26E-1410.00 1.26E-1413.97E-1812.5E+011
10.50 1.llE+llIO.00 1.llE+llI DU 19.00 5.74E-1610.00 5.74E-1611.83E-1912.6E+01 /
10.50 1.llE+llIO.00 1.llE+llI DU 20.00 2.63E-1710.00 2.63E-1718.43E-2112.7E+011
}0.50 1.llE+llIO.00 1.llE+llI DU 0.00 1.11E+1113.81 9.72E+0912.75E+0613.OE+OO \
10.50 1.llE+llIO.00 1.llE+llI DU 3.00 3.30E+0613.81 2.90E+051 83.82 16.4E+OOI
10.50 1.llE+llIO.00 1-llE+llI DU 4.00 1.27E+0513.81 1.12E+041
10.50 1.llE+llIO.00 1.llE+llI DU

3.26 17.5E+OOI
5.00 5.14E+0313.81 4.52E+0211.32E-01 \8.7E+O0 I

10.50 1.llE+llIO.00 1.llE+llI DU 6.oO 2.13E+0213.81 1.87E+0115.53E-0319.9E+OOI
10.50 1.llE+llIO.00 l.llE+ll\ DU 7.00 9.02E+OO13.81 7.94E-0112.35E-0411.lE+O1 I

10.50 1.llE+llIO.00 1.llE+llI DU 8.00 3.88E-0113.81 3.41E-0211.02E-0511.2E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 9.00 1.69E-0213.81 1.48E-0314 .46E-0711.3E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 10.00 7.41E-0413.81 6.52E-0511.97E-0811.5E+011
10.50 1.llE+llIO.00 1.llE+llI DU 11.00 3.28E-0513.81 2.89E-0618.77E-10 I1.6E+O1 I
10.50 1.llE+llIO.00 1.llE+llI DU 12.00 1.46E-0613.81 1.29E-0713.93E-1111.7E+011
10.50 l.llE+ll10.00 1.llE+llI DU 13.00 6.55E-0813.81 5.76E-0911.77E-1211.8E+01 I
10.50 1.llE+llIO.00 1.llE+ll( DU 14.00 2.95E-0913.81 2.59E-1018.02E-14 I2.OE+O1 I
10.50 I.llE+llIO.00 1.llE+llI DU 15.00 1.33E-1OJ3.8I 1.17E-1113.65E-1512.lE+O1 I
10.50 1.llE+llIO.00 1.llE+llI DU 16.00 6.04E-1213.81 5.32E-1311.66E-1612.2E+011
10.50 1.llE+llIO.00 1.llE+llI DU 17.00 2.75E-1313.81 2.42E-1417 .61E-1812.4E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 18.00 1.26E-1413.81 1.10E-1513.49E-19 I2.5E+O1I
10.50 1.llE+llIO.00 1.llE+llI DU 19.00 5.74E-1613.81 s.05E-1711.61E-2012.6E+01 I
10.50 1.llE+llIO.00 1.llE+llI DU 20.00 2.63E-1713.81 2.32E-1817.41E-2212 .7E+01 I
10.50 1.11E+1112.54 2.O8E+1OILEAD 0.00 2.O8E+1OIO.OO 2.08E+10 I5.9OE+O6I3.OE+OO I
10.50 1.11E+1112.54 2.O8E+1OILEAD 3.00 2.18E+0710.00 2.18E+0716.31E+0315.lE+OO I
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10.50 1.11E+1112.54 2.O8E+1OILEAD 4.00 3.12E+0610.00 3.12E+0619.09E+02 [5.8E+O0 I
10.50 1.11E+1112.54 2.O8E+1OILEAD 5.00 4.60E+0510.00 4.60E+051 134.78 16.5E+OOI

]0.50 1.11E+1112.54 2.O8E+1OILEAD 6.00 6.76E+0410.00 6.76E+041 19.94 17.3E+OOI
10.50 1.11E+1112.54 2.O8E+1OILE?+D 7.00 9.55E+0310.00 9.55E+031 2.83 18.0E+oo I
10.50 1.11E+1112.54 2.O8E+1OILEAD 8.00 1.44E+0310.00 1.44E+0314.31E-0118.7E+O0 I

10.50 1.11E+1112.54 2.O8E+1OILEAD 9.00 2.14E+0210.oo 2.14E+0216 .42E-0219.5E+00 I

10.50 1.11E+1112.54 2.O8E+1OILEAD1O.OO 3.18E+0110.00 3.18E+0119.60E-0311.OE+OII
10.50 1.11E+1112.54 2.O8E+1OILEAD11.OO 4.74E+OOI0.00 4.74E+O0 11.44E-0311.lE+OII

10.501.11E+1112.54 2.O8E+1OILEAD12.OO 7.08E-01[0.00 7.08E-0112.17E-0411.2E+011
10.501.11E+1112.54 2.O8E+1OILEAD13.OO 1.06E-Ol\O.00 1.06E-0113.27E-0511.3E+011

10.50 l.llE+ll 12.54 2. 08E+10 ILEAD 14.00 1.59 E-0210.00 1.59 E-0214 .94E-0611 .3E+011
10.501.11E+1112.54 2.O8E+1OILEAD15.OO 2.40E-0310.00 2.40E-0317.47E-0711.4E+011

10.50 1.11E+11)2.54 2.O8E+1OILEAD 16.00 3.62E-0410.00 3. 62E-0411.13E-07jl.5E+Olt
10.50 1.llE+ll/2.54 2.O8E+1OILEAD17.OO 5.46E-0510.00 5.46E-0511.72E-0811.6E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD 18.00 8.25E-0610.00 8.25E-0612.61E-0911.7E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD19.OO 1.25E-0610.00 1.25E-O6I3.97E-1OI1.7E+O1I

10.50 1.11E+1112.54 2.O8E+1OILEAD 20.00 1.89E-0710.00 1.89E-0716.05E-1111.8E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD 0.00 2.O8E+1OI3.81 1.83E+0915.19E+0513.OE+OOI

10.50 1.11E+1112.54 2.O8E+1OILEAD 3.00 2.18E+0713.81 1.92E+0615.55E+0215.lE+OOI
10.50 1.11E+1112.54 2.O8E+1OILEAD 4.00 3.12E+0613.81 2.75E+051 79.94 15.8E+001

10.50 1.11E+1112.54 2.O8E+1OILEAD 5.00 4.60E+0513.81 4.05E+041 11.85 16.5E+OOI
10.50 1.11E+1112.54 2.O8E+1OILEAD 6.00 6.76E+0413.81 5.95E+031 1.75 17.3E+OOI

10.50 1.11E+1112.54 2.O8E+1OILEAD 7.00 9.55E+0313.81 8.40E+0212.49E-0118 .OE+OO I

10.50 1.11E+1112.54 2.O8E+1OILEAD 8.00 1.44E+0313.81 1.27E+0213.79E-0218.7E+O0 I
10.50 1.11E+1112.54 2.O8E+1OILEAD 9.00 2.14E+0213.81 1.88E+0115.65E-0319 .5E+O0 I

10.50 1.11E+1112.54 2.O8E+1OILEAD1O.OO 3.18E+0113.81 2.79E+O0 18.44E-0411.OE+OII
10.50 1.11E+1112.54 2.O8E+1OILEAD 11..00 4.74E+OO13.81 4.17E-0111.27E-0411.lE+OII
10.50 1.11E+1112.54 2.O8E+1OILEAD 12.00 7.08E-0113.81 6.23E-0211.91E-0511.2E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD13.OO 1.06E-0113.81 9.34E-0312.87E-0611.3E+011
10.50 1.liE+ll12.54 2.O8E+1OILEAD 14.00 1.59E-0213.81 1.40E-0314.34E-0711.3E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD15.OO 2.40E-0313.81 2.llE-0416.57E-0811.4E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD16.OO 3.62E-0413.81 3.18E-0519.96E-0911.5E+011
[0.50 1.11E+1112.54 2.O8E+1OILEAD17.OO 5.46E-0513.81 4.80E-0611.51E-0911.6E+011
10.50 1.11E+1112.54 2.O8E+1OILEAD 18.00 8.25E-0613.81 7.26E-O7I2.3OE-1OI1.7E+O1I
10.50 1.11E+1112.54 2.O8E+1OILEAD19.OO 1.25E-0613.81 1.1OE-O7I3.5OE-11I1.7E+O1I
10.50 1.11E+1112.54 2.08E+10 ILEAD2C).OO 1.89E-0713.81 1.66E-0815.32E-1211.8E+011
10.50 1.11E+1112.54 2.O8E+1OI DU 0.00 2.O8E+1OIO.OO 2.08E+10 I5.9OE+O6I3.OE+OO I

10.50 1.11E+1112.54 2.O8E+1OI DU 3.00 6.21E+0510.00 6.21E+051 179.46 16.4E+OOI
10.50 1.11E+1112.54 2.O8E+1OI DU 4i.00 2.40E+0410.00 2.40E+041 6.99 17.5E+OOI

10.50 1.11E+1112.54 2.O8E+1OI DU 5.00 9.67E+0210.00 9.67E+0212 .83E-0118.7E+O0 I

10.50 1.11E+1112.54 2.O8E+1OI DU 6.00 4.OIE+OIIO.00 4.01E+OI I1.18E-0219.9E+O0 I

10.50 1.11E+1112.54 2.O8E+1OI DU 7.00 1.70E+OOI0.00 1.70E+O0 15.04E-0411.lE+O1 I
10.50 1.11E+1112.54 2.O8E+1OI DU 8.00 7.30E-0210.00 7.30E-0212.18E-0511.2E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 9.00 3.18E–0310.00 3.18E-0319 .54E-0711.3E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 10.00 1.40E-0410.00 1.40E-0414.22E-0811.5E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 11..00 6.18E-0610.00 6.18E-0611.88E-0911. 6E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 12.00 2.75E-0710.00 2.75E-0718.42E-1111.7E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 13.00 1.23E-0810.00 1.23E-0813.79E-1211. 8E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 14.00 5.55E-1OIO.OO 5.55E-10 I1.72E-13I2.OE+O1 \

10.50 1.11E+1112.54 2.O8E+1OI DU 15.00 2.51E-I.110.00 2.51E-1117.81E-1512.lE+O1 I

10.50 1.11E+1112.54 2.O8E+1OI DU 16.00 1.14E-I.210.00 1.14E-1213.56E-1612.2E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 1“7.00 5.18E-1410.00 5.18E-1411.63E-1712 .4E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 18.00 2.36E-1510.00 2.36E-1517.48E-1912.5E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 19.00 1.08E-1610.00 1.08E-1613.44E-2012.6E+01 I

/0.50 1.11E+1112.54 2.O8E+1OI DU 20.00 4.96E-I.810.00 4.96E-1811.59E-2112.7E+01 I
10.50 1.11E+II12.54 2.08E+IOI DU ().00 2.08E+l.0\3.81 1.83E+0915.19E+0513.OE+OO I

10.50 1.11E+1112.54 2.O8E+1OI DU 3.00 6.21E+0513.81 5.46E+041 15.78 16.4E+001
10.50 1.11E+1112.54 2.O8E+1OI DU 4.00 2.40E+0413.81 2.11E+0316.14E-0117.5E+OOI
10.50 1.11E+1112.54 2.O8E+1OI DU 5.00 9.67E+0213.81 8.50E+0112 .49E–0218.7E+O0 I
10.50 1.11E+1112.54 2.O8E+1OI DU 6.00 4.01E+0113.81 3.53E+O0 11.04E-0319.9E+O0 I

10.50 1.11E+1112.54 2.O8E+1OI DU ‘7.00 1.70E+OO13.81 1.49E-0114.43E-0511.lE+O1 I

10.50 1.11E+1112.54 2.O8E+1OI DU [3.00 7.30E-0213.81 6.42E-0311.92E-0611.2E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU !).00 3.18E–0313.81 2.79E-0418.39E-0811.3E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 10.00 1.40E-0413.81 1.23E-0513.71E-0911.5E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 1:1.00 6.18E-0613.81 5.43E-071 1.65E-1OI1.6E+O1 I
10.50 1.11E+1112.54 2.O8E+1OI DU 12.00 2.75E-0713.81 2.42E-0817.40E-1211.7E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 1:3.00 1.23E-0813.81 1.08E-0913.34E-1311.8E+01 I
10.50 1.11E+1112.54 2.O8E+1OI DU 14.00 5.55E-LO13.81 4.88E-1111.51E-1412.OE+O1 I

10.50 1.11E+1112.54 2.O8E+1OI DU 1!5.00 2.51E-1113.81 2.21E-1216-87E-1612 .lE+O1 I

10.50 1.11E+1112.54 2.O8E+1OI DU 16.00 1.14E-1213.81 1.00E-1313.13E-1712 .2E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 1’7.00 5.18E-1413.81 4.56E-1511.43E-1812.4E+01 I
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10.50 1.11E+1112.54 2.O8E+1OI DU 18.00 2.36E-1513.81 2.08E-1616.58E-2012.5E+01 I

10.50 1.11E+1112.54 2.O8E+1OI DU 19.00 1.08E-1613.81 9.51E-1813 .03E-2112.6E+01 I

10.50 1.11 E+1112 .54 2. O8E+1OI DU 20.00 4.96 E-18[ 3.81 4.36 E-1911 .40E-2212 .7E+011
10.75 7.39E+1OIO.OO 7.39E+10 ILEAD 0.00 7.39E+1OIO.OO 7.39E+10 I3.11E+O7I3.OE+OO I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 3.00 8.16E+0810.00 8.16E+0813.50E+0515.lE+OOI
10.75 7.39 E+lOIO. OO 7.39 E+1OILEAD 4.00 2.35 E+0810.00 2.35 E+0811.01E+0515 .8E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 5.00 6.86E+0710.00 6.86E+0712.98E+0416.5E+OOI

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 6.00 2.04E+0710.00 2.04E+0718.94E+0317.3E+O0 I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 7.00 6.18E+0610.00 6.18E+0612.72E+0318.OE+OO I
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 8.00 1.88E+0610.00 1.88E+0618.33E+0218.7E+O0 I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 9.00 5.73E+0510.00 5.73E+0512.55E+0219.5E+OOI
10.757.39E+1OIO.OO 7.39E+1OILEAD1O.OO 1.73E+0510.00 1.73E+051 77.41 11.OE+OII

10.757.39E+1OIO.OO 7.39E+1OILEAD11.OO 5.11E+0410.00 5.11E+041 23.05 11.lE+OII
/0.75 7.39E+1OIO.OO 7.39E+1O[LEAD12.OO 1.47E+0410.00 1.47E+041 6.67 11.2E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD13.OO 4.79E+0310.00 4.79E+031 2.19 11.3E+011
10.757.39E+1OIO.OO 7.39E+1OILEAD14.OO 1.46E+0310.00 1.46E+0316.71E-0111.3E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD15.OO 4.46E+0210.004.46E+0212.06E-01 11.4E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD16.OO 1.36E+0210.00 1.36E+0216.33E-0211.5E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD17.OO 4.18E+0110.004.18E+0111.95E-02 11-6E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD18.OO 1.28E+0110.00 1.28E+0116.OIE-0311-7E+011

10.75 7.39E+1OIO.OO 7.39E+1OILEAD19.OO 3.93E+OOI0.003.93E+OO11.85E-03 11.7E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD2O.OO 1.21E+OOI0.00 1.21E+O0 15.72E-0411-8E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 0.00 7.39E+1OI3.81 l.olE+10 I4.22E+O6{3-OE+OO I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 3.00 8.16E+0813.81 1.11E+0814.76E+0415.lE+OOI
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 4.00 2.35E+0813.81 3.19E+0711.38E+0415.8E+O0 I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 5.00 6.86E+0713.81 9.33E+0614.05E+0316.5E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 6.00 2.04E+0713.81 2.78E+0611.22E+0317.3E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 7.00 6.18E+0613.81 8.40E+0513.70E+0218.OE+OO I

10.75 7.39E+1OIO.OO 7.39E+1OILEAD 8.00 1.88E+0613.812.56E+051 113.27 18.7E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OILEAD 9.00 5.73E+0513.81 7.79E+041 34.69 19.5E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OILEAD1O.OO 1.73E+0513.81 2.35E+041 10.52 11.OE+OII
10.75 7.39E+1OIO.OO 7.39E+1OILEAD11.OO 5.11E+0413.81 6.95E+031 3.13 11.lE+OII
10.75 7.39E+1OIO.OO 7.39E+1OILEAD12.OO 1.47E+0413.81 2.00E+0319.07E-0111.2E+011

10.75 7.39E+1OIO.OO 7.39E+1OILEAD13.OO 4.79E+0313.81 6.52E+0212.97E-0111.3E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD14.OO 1.46E+0313.81 1.99E+0219.12E-0211.3E+Ol/
10.75 7.39E+1OIO.OO 7.39E+1OILEAD15.OO 4.46E+0213.81 6.07E+0112.80E-0211.4E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD16.OO 1.36E+0213.81 1.85E+0118.61E-0311.5E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD17.OO 4.18E+0113.81 5.68E+O0 12.65E-0311.6E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD18.OO 1.28E+0113.81 1.74E+OO18.17E-0411.7E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD19.OO 3.93E+OO13.81 5.34E-0112.52E-0411.7E+011
10.75 7.39E+1OIO.OO 7.39E+1OILEAD2O.OO 1.21E+OO13.81 1.64E-0117.78E-0511.8E+01]
10.75 7.39E+1OIO.OO 7.39E+1OI DU 0.00 7.39E+1OIO.OO 7.39E+10 I3.11E+O7I3.OE+OO I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 3.00 ‘3.99E+0710.00 9.99E+0714.28E+0416.4E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 4.00 1.24E+0710.00 1.24E+07j5.37E+0317.5E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 5.00 1.64E+0610.00 1.64E+0617.11E+0218-7E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 6.00 2.18E+0510.00 2.18E+051 95.19 19.9E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OI DU 7.00 2.80E+0410.00 2.80E+041 12.34 11.lE+OII
10.75 7.39E+1OIO.OO 7.39E+1OI DU 8.003.95E+0310.00 3.95E+031 1.75 11.2E+OII
10.75 7.39E+1OIO.OO 7.39E+1OI DU 9.00 5.45E+0210.00 5.45E+0212.43E-0111.3E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 10.00 7.58E+0110.00 7.58E+0113.40E-0211.5E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 11.00 1.06E+0110.00 1.06E+0114.79E-0311.6E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 12.00 1.50E+OOI0.00 1.50E+O0 16.79E-0411.7E+011
10.75 7.39E+1OIO.OO 7.39E+1OI DU 13.002.12E-0110.002.12E-0119. 68E-0511.8E+011
10.75 7.39E+1OIO.OO 7.39E+1OI DU 14.00 3.02E-0210.00 3.02E-0211.39E-0512 .OE+O1 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 15.004.32E-0310.004.32E-0311. 99E-0612.lE+OII
10.75 7.39E+1OIO.OO 7.39E+1OI DU 16.00 6.19E-0410.00 6.19E-0412.87E-0712.2E+011
10.75 7.39E+1OIO.OO 7.39E+1OI DU 17.00 8.90E-0510.00 8.90E-0514.15E-0812.4E+01 I
10.75 7.39 E+lOIO. OO 7.39 E+1OI DU 18.00 1.28 E-0510.00 1.28 E-0516 .02E-0912 .5E+011
10.75 7.39E+1OIO.OO 7.39E+1OI DU 19.00 1.86E-0610.00 1.86E-0618.75E-10 I2.6E+O1 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 20.00 2.69E-0710.00 2.69E-O7I1.28E-1OI2.7E+O1 I
10.75 7.39E+1O]O.OO 7.39E+101 DU 0.00 7.39E+1OI3.81 1.O1E+1OI4.22E+O6I3.OE+OO I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 3.00 9.99E+0713.81 1.36E+0715.82E+0316.4E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 4.00 1.24E+0713.81 1.69E+0617.30E+0217.5E+O0 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 5.00 1.64E+0613.81 2.22E+05\ 96.64 18.7E+001

10.75 7.39E+1OIO.OO 7.39E+1OI DU 6.00 2.18E+0513.81 2.96E+@ll 12.94 19.9E+OOI
10.75 7.39E+1OIO.OO 7.39E+1OI DU 7.00 2.80E+0413.81 3.81E+031 1.68 11.lE+OII
10.75 7.39E+1OIO.OO 7.39E+1OI DU 8.00 3.95E+0313-81 5.37E+0212.38E-0111.2E+01 I
]0.75 7.39E+1OIO.OO 7.39E+1OI DU 9.00 5.45E+0213.81 7.41E+0113.30E-0211.3E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 10.00 7.58E+0113.81 1.03E+0114.62E-0311.5E+01 I
10.757.39E+1OIO.OO 7.39E+1OI DU 11.00 1.06E+0113.81 1.44E+O0 16.51E-0411.6E+011

10.75 7.39E+1OIO.OO 7.39E+1OI DU 12.00 1.50E+OO13.81 2.04E-0119.23E-0511.7E+011

91



10.75 7.39E+1OIO.OO 7.39E+1OI DU 13.00 2.12E-01/3.81 2.88E-02\l.32E-0511.8E+Ol I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 14.00 3.02E-0213.81 4.llE-0311.88E-0612.OE+O1 I
10.?57.39E+1OIO.OO 7.39E+1OI DU 15.00 4.32E-0313.81 5.87E-0412 .71E-0712.lE+O1 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 16.00 6.19E-0413.81 8.41E-0513 .90E-0812.2E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 17.00 8.90E-0513.81 1.21E-0515.65E-0912.4E+01 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 18.00 1.28E-0513.81 1.74E-0618.19E-10 [2.5E+O1 (
10.75 7.39E+1OIO.OO 7.39E+1OI DU 19.00 1.86E-0613.81 2.52E-O7I1.19E-1O}2.6E+O1 I
10.75 7.39E+1OIO.OO 7.39E+1OI DU 20.00 2.69E-0713.81 3.65E-0811.73E-1112.7E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 0.00 1.7OE+1OIO.OO 1.7OE+1OI7.13E+O6I3.OE+OO I

/0.75 7.39E+1OI2.54 1.7OE+1OILEAD 3.00 1.87E+0810.00 1.87E+0818.04E+0415.lE+OOI
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 4.00 5.39E+0710.00 5.39E+0712.33E+0415.8E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 5.00 1.58E+0710.00 1.58E+0716.85E+0316.5E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 6.00 4.70E+0610.00 4.70E+0612 .05E+0317.3E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 7.00 1.42E+0610.00 1.42E+0616.25E+0218.OE+OO I

/0.75 7.39E+1OI2.54 1.7OE+1OILEAD 8.00 4.32E+0510.00 4.32E+051 191.37 18.7E+OOI
/0.75 7.39E+1OI2.54 1.7OE+1OILEAD 9.00 1.32E+0510.00 1.32E+051 58.60 19.5E+OOI
10.75 7.39E+1OI2.54 1.7OE+1OILEAD1O.OO 3.97E+0410-00 3.97E+041 17.78 11.OE+OII

10.75 7.39E+1OI2.54 1.70E+101LEAD 1I..OO 1.17E+0410.00 1.17E+041 5.29 11.lE+OII
10.757.39E+1OI2.54 1.70E+101LEAD 12,.OO 3.38E+0310.00 3.38E+031 1.53 11.2E+011
10.75 7.39E+1OI2.54 1.70E+10 ILEAD13I.OO 1.1OE+O3IO.OO 1.1OE+O3I5.O2E-O1I1.3E+O1I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD14.OO 3.36E+0210.00 3.36E+0211.54E-0111.3E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD15.OO 1.02E+0210.00 1.02E+0214.73E-0211.4E+Oll
10.75 7.39E+1OI2.54 1.7OE+1OILEAD16.OO 3.13E+0110.00 3.13E+0111.45E-0211.5E+011

10.75 7.39E+1OI2.54 1.70E+IOILEAD 17.00 9.59E+OOI0.00 9.59E+OO14.48E-0311.6E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 18.00 2.94E+OOI0.00 2.94E+O0 11.38E-0311.7E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD19.OO 9.02E-0110.00 9.02E-0114.26E-0411.7E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD20.OO 2.77E-0110.00 2.77E-0111.31E-0411.8E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD ().00 1.7OE+1OI3.81 2.31E+0919.70E+0513.OE+OO I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 3.00 1.87E+0813.81 2.55E+0711.09E+0415.lE+OO I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 4.00 5.39E+07/3.81 7.33E+0613 .16E+0315.8E+O0 I
10.757.39E+1OI2.54 1.7OE+1OILEAD 5.00 1.58E+0713.812.14E+0619.31E+02 16.5E+OOI
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 6.00 4.70E+0613.81 6.39E+0512.79E+0217.3E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 7.00 1.42E+0613.81 1.93E+051 84.91 18.OE+OOl
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 8.00 4.32E+0513.81 5.88E+041 26.02 18.7E+OOI
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 9.00 1.32E+0513.81 1.79E+041 7.97 19.5E+OOI
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 10.00 3.97E+0413.81 5.39E+031 2.42 11.OE+OII
10.75 7.39E+1OI2.54 1.7OE+1OILEAD 11.00 1.17E+0413.81 1.60E+0317.20E-0111.lE+OII
10.75 7.39E+1OI2.54 1.7OE+1OILEAD12.OO 3.38E+0313.81 4.59E+0212.08E-0111.2E+011

10.75 7.39E+1OI2.54 1.7OE+1OILEAD13.OO 1.1OE+O3I3.81 1.50E+0216.83E-0211.3E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD14.OO 3.36E+0213.81 4.56E+0112.09E-0211.3E+011
10.75 7.39E+1O[2.54 1.70E+101LEAD 1!5.OO 1.02E+0213.81 1.39E+0116.43E-0311.4E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD16.OO 3.13E+0113.81 4.26E+OO11.98E-0311.5E+011
10.75 7.39E+1OI2.54 1.70E+101LEAD 1’7.OO 9.59E+OO13.81 1.30E+O0 16.09E-0411.6E+011

/0.75 7.39E+1OI2.54 1.7OE+1OILEAD18.OO 2.94E+OO13.81 4.00E-0111.88E-0411.7E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD19.OO 9.02E-0113.81 1.23E-0115.79E-0511.7E+011
10.75 7.39E+1OI2.54 1.7OE+1OILEAD2O.OO 2.77E-0113.81 3.77E-0211.79E-0511.8E+011
10.75 7.39E+1OI2.54 1.70E+IOI DU 0.00 1.7OE+1OIO.OO I.7OE+1OI7.13E+O6I3.OE+OO I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 3.00 2.30E+0710.00 2.30E+0719.84E+0316.4E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 4.00 2.86E+0610.00 2.86E+0611.23E+0317-5E+O0 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 5.00 3.76E+0510-00 3.76E+051 163.26 18.7E+OOI

10.75 7.39E+1OI2.54 1.7OE+1OI DU 6.00 5.00E+0410.00 5.00E+041 21.86 19.9E+001
10.75 7.39E+1OI2.54 1.7OE+1OI DU 7.00 6.44E+0310.00 6.44E+031 2.83 11-lE+OII
10.75 7.39E+1OI2.54 1.7OE+1OI DU 8.00 9.07E+0210.00 9.07E+0214.02E-0111-2E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 9.00 1.25E+0210.00 1.25E+02]5.57E-0211.3E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 10.00 1.74E+0110.00 1.74E+0117.80E-0311.5E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 11.00 2.44E+OOI0.00 2.44E+OOI1.1OE-O3I1.6E+O1 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 12.00 3.44E-0110.00 3.44E-0111.56E-0411.7E+01 I
10.75 7.39 E+lOI 2.54 1.7 OE+1OI DU 13.00 4.87 E-0210.00 4.87 E-0212 .22E-0511 .8E+011
10.75 7.39E+1OI2.54 1.7OE+1OI DU 14.00 6.94E-0310.00 6.94E-0313.18E-0612.OE+O1 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 15.00 9.91E-0410.00 9.91E-0414.57E-0712.lE+O1 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 16.00 1.42E-0410.00 1.42E-0416.60E-0812.2E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 17.00 2.04E-0510-00 2.04E-0519.54E-0912.4E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 18.00 2.95E-0610.00 2.95E-0611.38E-0912.5E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 19.00 4.26E-0710.00 4.26E-O7I2.O1E-1OI2.6E+O1 I
]0.75 7.39E+1OI2.54 1.7OE+1OI DU 20.00 6.17E-0810.00 6.17E-0812.93E-1112.7E+01 I
10.757.39E+1OI2.54 1.7OE+1OI DU 0.00 1.7OE+1OI3.81 2.31E+0919.70E+0513.OE+OO[
10.75 7.39E+1OI2.54 1.7OE+1OI DU 3.00 2.30E+0713.81 3.12E+0611.34E+0316.4E+O0 I

10.75 7.39 E+1012 .54 1.7 OE+1OI DU 4.00 2.86E+0613.81 3.89E+051 167.67 17.5E+OOI
10.75 7.39E+1OI2.54 1.7OE+1OI DU 5.00 3.76E+0513.81 5.11E+041 22.20 18.7E+001
10.75 7.39E+1OI2.54 1.7OE+1OI DU 6.00 5.00E+0413.81 6.80E+031 2.97 19.9E+OOI
10.75 7.39E+1OI2-54 1.7OE+1OI DU 7.00 6.44E+0313.81 8.76E+0213.85E-0111.lE+O1 I
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10.75 7.39E+1OI2.54 1.7OE+1OI DU 8.00 9.07E+02\3.81 1.23E+0215.46E-0211.2E+011
[0.75 7.39E+1OI2.54 1.7OE+1OI DU 9.00 1.25E+02\3.81 1.70E+Ol/7.58E-0311.3E+Oll

10.75 7.39E+1OI2.54 1.7OE+1O1 DU 10.00 1.74E+0113.81 2.37E+OO\l.06E-0311.5E+Oll
10.75 7.39E+1OI2.54 1.7OE+1OI DU 11.00 2.44E+OO13.81 3.32E-0111.50E-0411.6E+01 I
!0.75 7.39E+1OI2.54 1.70E+101 DU 12.00 3.44E-0113.81 4.68E-0212.12E-0511.7E+01 I

10.75 7.39E+1OI2.54 1.7OE+1OI DU 13.00 4.87E-0213.81 6.63E-0313.02E-0611.8E+011
10.75 7.39E+1OI2.54 1.7OE+1OI DU 14.00 6.94E-0313.81 9.43E-04\4.33E-0712 .OE+Ol I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 15.00 9.91E-0413.81 1.35E-0416.22E-0812 .lE+O1 I

10.75 7.39E+1OI2.54 1.7OE+1OI DU 16.00 1.42E-0413.81 1.93E-0518.97E-0912 .2E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 17.00 2.04E-0513.81 2.78E-0611.30E-0912 .4E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 18.00 2.95E-06[3.81 4.01E-0711.88E-10 I2.5E+O1 I
10.75 7.39E+1O)2.54 1.7OE+1OI DU 19.00 4.26E-0713.81 5.79E-0812.73E-1112 .6E+01 I
10.75 7.39E+1OI2.54 1.7OE+1OI DU 20.00 6.17E-0813.81 8.39E-0913.98E-1212 .7E+01 I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 0.00 5.58E+1OIO.OO 5.58E+1OI3.O8E+O7I3.OE+OO I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 3.00 1.71E+0910.00 1.71E+0919.65E+0515.lE+OOI
11.00 5.58 E+lOIO. OO 5.58 E+1OILEAD 4.00 6.75 E+0810.00 6.75E+0813 .83E+0515.8E+OOI

11.00 5.58E+1OIO.OO 5.58E+1OILEAD 5.00 2.66E+0810.00 2.66E+08]1.52E+05] 6.5E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 6.00 1.06E+0810.00 1.06E+08] 6.09E+0417.3E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 7.00 4.26E+0710.00 4.26E+0712.47E+0418.OE+OO I
/1.00 5.58E+1OIO.OO 5.58E+1OILEAD 8.00 1.73E+0710.00 1.73E+0711.01E+0418.7E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 9.00 7.09E+0610.00 7.09E+0614.15E+0319.5E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD1O.OO 2.92E+0610.00 2.92E+0611.72E+0311.OE+OII

11.00 5.58E+1OIO.OO 5.58E+1O]LEAD11.OO 1.20E+0610.00 1.20E+0617.14E+0211.lE+OII
11.00 5.58E+1OIO.OO 5.58E+1OILEAD12.OO 4.97E+05~0.00 4.97E+0512.96E+0211.2E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD13.OO 2.04E+0510.00 2.04E+051 122.22 11.3E+011

11.00 5.58E+1OIO.OO 5.58E+1OILEAD14.OO 8.28E+0410.00 8.28E+041 50.00 11.3E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 15.00 3.33E+0410-00 3.33E+041 20.20 11.4E+011
!1.00 5.58E+1OIO.OO 5.58E+1OILEAD16.OO 1.31E+O41O.OO 1.31E+041 8.02 11.5E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD17.OO 5.76E+0310.00 5.76E+031 3.54 11.6E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD18.OO 2.38E+0310.00 2.38E+031 1.47 11.7E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD19.OO 9.82E+0210.00 9.82E+O2I6.1OE-O1I1.7E+O1I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD2O.OO 4.06E+0210.00 4.06E+0212.53E-0111.8E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 0.00 5.58E+1OI3.81 8.74E+0914.83E+0613 .OE+OO I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 3.00 1.71E+0913.81 2.68E+0811.51E+0515.lE+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 4.00 6.75E+0813.81 1.06E+0816.00E+0415.8E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 5.00 2.66E+0813.81 4.17E+0712.38E+0416.5E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 6.00 1.06E+0813.81 1.66E+0719 .54E+0317.3E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 7.00 4.26E+0713.81 6.67E+0613.86E+0318.OE+OO I
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 8.00 1.73E+0713.81 2.71E+0611.58E+0318.7E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OILEAD 9.00 7.09E+0613.81 1.11E+0616.50E+0219.5E+O0 I
I1.OO5.58E+1OIO.OO 5.58E+1OILEAD1O.OO 2.92E+0613.81 4.57E+0512.69E+0211.OE+OII
11.00 5.58E+1OIO.OO 5.58E+1OILEAD11.OO 1.20E+0613.81 1.89E+051 111.85 11.lE+OII
11.00 5.58E+1OIO.OO 5.58E+1OILEAD12-OO 4.97E+0513.81 7.78E+04] 46.38 11.2E+oll
11.00 5.58E+1OIO.OO 5.58E+1OILEAD13.OO 2.04E+0513.81 3.19E+041 19.14 11.3E+011

11.00 5.58E+1OIO.OO 5-58E+1OILEAD14.OO 8.28E+0413.81 1.30E+041 7.83 11.3E+031
11.00 5.58E+1OIO.OO 5.58E+1OILEAD15.OO 3.33E+0413.81 5.21E+031 3.16 11.4E+011
I1.OO5-58E+1OIO.OO 5.58E+1OILEAD16.OO 1.31E+0413.81 2.06E+031 1.26 11.5E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD17.OO 5.76E+0313.81 9.03E+0215.54E-0111.6E+011
11.00 5.58E+1OIO.OO 5.58E+1OILEAD18.OO 2.38E+0313.81 3.72E+0212.30E-0111.7E+011
I1.OO5.58E+1OIO.OO 5.58E+1OILEAD19.OO 9.82E+0213.81 1.54E+0219.55E-0211.7E+011

11.00 5.58E+1OIO.OO 5.58E+1OILEAD2O.OO 4.06E+0213.81 6.36E+0113.97E-0211.8E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 0.00 5.58E+1OIO.OO 5.58E+1OI3.O8E+O7I3.OE+OOI
11.00 5.58E+1OIO.OO 5.58E+1OI DU 3.00 4.11E+0810.00 4.11E+0812.32E+0516.4E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 4.00 8.19E+0710.00 8.19E+0714.65E+0417 .5E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 5.00 1.72E+0710.00 1.72E+0719.84E+0318.7E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OI DU 6.00 3.76E+0610.00 3.76E+0612.16E+03 [9.9E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 7.00 8.36E+0510.00 8.36E+0514.84E+0211.lE+O1 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 8.00 1.86E+0510.00 1.86E+051 108.37 11.2E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 9.00 4.07E+0410.004.07E+041 23.87 11.3E+oll
11.00 5.58E+1OIO.OO 5.58E+1OI DU 10.00 9.31E+0310.00 9.31E+031 5.49 11.5E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 11.00 2.12E+0310.00 2.12E+031 1.26 11.6E+011
11.00 5.58E+1010. OO 5.58 E+1OI DU 12.00 4.85 E+0210 .00 4.85 E+0212.89E-0111 .7E+011

11.00 5.58E+1OIO.OO 5.58E+1OI DU 13.00 1.11E+0210.00 1.11E+0216.69E-0211.8E+OII
11.00 5.58 E+lOIO. OO 5.58 E+1OI DU 14.00 2-57 E+O110 .00 2.57 E+0111.55E-0212 .OE+OII
11.00 5.58E+1OIO.OO 5.58E+1OI DU 15.00 5.96E+OOI0.00 5-96E+OO13.62E-0312.lE+O1 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 16.00 1.39E+0010.00 1.39E+OO18.46E-0412-2E+011

11.00 5.58E+1O!O.OO 5.58E+1OI DU 17.00 3.23E-0110.00 3.23E-0111.98E-0412.4E+01 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 18.00 7.56E-0210.00 7.56E-0214.67E-0512.5E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 19.00 1.77E-0210.00 1.77E-O2I1.1OE-O5I2.6E+OII
11.00 5.58E+1OIO.OO 5.58E+1OI DU 20.004.16E-0310.00 4.16E-0312.59E-0612.7E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 0.00 5.58E+1OI3.81 8.74E+0914.83E+0613.OE+OO I
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11.00 5.58E+1OIO.OO 5.58E+1OI DU 3.00 4.11E+0813.81 6.43E+07j3.63E+04/6.4E+OOj
~1.00 5.58E+1OIO.OO 5.58E+1oI DU 4.00 8.19E+0713.81 1.28E+0717.28E+0317.5E+O0 I
]1.00 5.58E+1OIO.OO 5.58E+1OI DU 5.00 1.72E+0713.81 2.70E+0611.54E+0318.7E+OOI
11.00 5.58E+1OIO.OO 5.58E+1OI DU 6.00 3.76E+0613.81 5.89E+0513.38E+0219.9E+O0 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 7.00 8.36E+0513.81 1.31E+051 75.73 11.lE+OII
11.00 5.58E+1O{O.OO 5.58E+IOI DU 8.00 1.86E+0513.81 2.91E+041 16.97 11.2E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 9.00 4.07E+0413.81 6.38E+031 3.74 11.3E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 10.00 9.31E+0313.81 1.46E+0318.59E-0111.5E+01 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 11.00 2.12E+0313.81 3.32E+0211.97E-01]1.6E+01 I
/1.00 5.58E+1OIO.OO 5.58E+101 DU 12.00 4.85E+0213.81 7.59E+Ol]4.53E-02 jl.7E+Ol I
11.00 5.58 E+lOIO. OO 5.58 E+1OI DU 13.00 1.11 E+0213 .81 1.75 E+0111.05E-0211 .8E+011

11.00 5-58E+1OIO.OO 5.58E+1OI DU 14.00 2.57E+0113.81 4.03E+O012 .43E-0312.OE+O1 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 15.00 5.96E+OO13.81 9.34E-0115.67E-0412.lE+O1 I
11.00 5.58E+1OIO.OO 5.58E+1OI DU 16.00 1.39E+O0 13.812 .17E-0111.33E-04 12.2E+011

11.00 5.58E+1OIO.OO 5.58E+1OI DU 17.00 3.23E-0113.81 5.06E-0213.llE-0512.4E+01 I
11.00 5.58E+1OIO.OO 5.58E+1oI DU 18.00 7.56E-0213.81 1.18E-0217.31E-0612.5E+011
11.00 5.58E+1OIO.OO 5.58E+1OI DU 19.00 1.77E-0213.81 2.77E-0311.72E-0612.6E+01 I
11.00 5.58 E+lOIO. OO 5.58 E+1OI DU 20.00 4.16E-0313 .81 6.51 E-0414 .06E-0712 .7E+011

11.00 5.58E+1OI2.54 1.33E+1OILEAD 0.00 1.33E+1OIO.OO 1.33E+1OI7.34E+O6I3.OE+OO I
11.00 5.58 E+1012 .54 1.33 E+1OILEAD 3.00 4.07E+0810.00 4.07 E+0812.30E+0515 .lE+OOI
11.00 5.58E+1OI2.54 1.33E+1OILEAD 4.00 1.61E+0810.00 1.61E+0819 .11E+0415.8E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 5.00 6.34E+0710.00 6.34E+0713 .62E+0416.5E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 6.00 2.52E+0710.00 2.52E+0711.45E+0417.3E+OOI
~1.00 5.58E+1O{2.54 1.33E+1OILEAD 7.00 1.01E+0710.00 1.01E+0715.87E+0318.OE+OO I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 8.00 4.12E+0610.00 4.12E+0612.40E+0318.7E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILIZAD 9.00 1.69E+0610.00 1.69E+0619.89E+0219.5E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 10.00 6.95E+0510.00 6.95E+0514.10E+02 I1.OE+O1I

11.00 5.58E+1OI2.54 1.33E+1OILEAD1I.OO 2.87E+0510.00 2.87E+051 170.03 11.lE+OII
11.00 5.58E+1OI2.54 1.33E+1OILEAD 1>!.00 1.18E+0510.00 1.18E+051 70.51 11.2E+011
I1.OO5.58E+1OI2.54 1.33E+1OILEAD13.OO 4.85E+0410.00 4.85E+041 29.10 11.3E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD14.OO 1.97E+04{0.00 1.97E+041 11.90 11.3E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD15.OO 7.92E+0310.00 7.92E+031 4.81 11.4E+011
11.00 5.58E+1O!2.54 1.33E+10]LEAD 16.OO3.13E+O31O. 00 3.13E+031 1.91 11.5E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD17.OO 1.37E+0310.00 1.37E+0318.42E-0111.6E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD18.OO 5.66E+0210.00 5.66E+0213.49E-0111.7E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD 19.00 2.34E+0210.00 2.34E+0211.45E-0111.7E+Oll
11.00 5.58E+1OI2.54 1.33E+1OILEAD20.OO 9.66E+0110.00 9.66E+0116.03E-0211.8E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD ().00 I.33E+1OI3.81 2.08E+0911.15E+0613.OE+OO I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 3.00 4.07E+0813.81 6.38E+0713.60E+0415.lE+OO I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 4.00 1.61E+0813.81 2-51E+0711.43E+0415.8E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILEAD 5.00 6.34E+0713.81 9.92E+0615 .67E+0316.5E+O0 I
)1.00 5.58E+1O]2.54 1.33E+1OILEAD 6.00 2.52E+0713.81 3.95E+0612.27E+03 ]7.3E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OILEAD ‘7.00 1.01E+0713.81 1.59E+0619.19E+0218.OE+OO I
11.00 5.58E+1OI2.54 1.33E+1OILEAD [3.00 4.12E+0613.81 6.45E+0513.76E+02/8.7E+O0 I
11.00 5.58E+1OI2.54 1-33E+1OILEAD !).00 1.69E+0613.81 2.64E+051 154.79 19.5E+OOI
11.00 5.58E+1OI2.54 1.33E+1OILEAD1O.OO 6.95E+0513.81 1.09E+051 64.13 11.OE+OII
II.OO5.58E+1OI2.54 1.33E+101LEAD 1:L.OO2.87E+O5I3.81 4.49E+041 26.63 11.lE+OII
11.00 5.58E+1OI2.54 1.33E+1OILEAD 12.00 1.18E+0513.81 1.85E+041 11.04 11.2E+011

11.00 5.58E+1OI2.54 1.33E+1OILEAD13.OO 4.85E+0413.81 7.59E+031 4.56 11.3E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD14.OO 1.97E+0413.81 3.09E+031 1.86 11.3E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD 1’5.00 7.92E+0313.81 1.24E+0317.53E-0111.4E+011
I1.OO5.58E+1OI2.54 1.33E+1OILEAD16.OO 3-13E+0313.81 4.90E+02f2.99E-0111.5E+Oll
11.00 5.58E+1OI2.54 1.33E+1OILEAD 1’7.00 1.37E+0313.81 2.15E+0211.32E-0111.6E+011
11.00 5.58E+1OI2.54 1.33E+101LE7+D 18.OO 5.66E+02 [3.81 8.87E+0115.47E-0211.7E+011

11.00 5.58E+1OI2.54 1.33E+1OILEAD19.OO 2.34E+0213.81 3.66E+0112.27E-0211.7E+011
11.00 5.58E+1OI2.54 1.33E+1OILEAD2O.OO 9.66E+0113.81 1.51E+0119.44E-0311.8E+011

11.00 5.58E+1OI2.54 1.33E+1OI DU 0.00 1.33E+1OIO.OO 1.33E+101 7.34E+O6I3.OE+OOI
11.00 5.58E+1OI2.54 1.33E+1OI DU 3.00 9.78E+0710.00 9.78E+0715.51E+0416.4E+OOI
11.00 5.58E+1OI2.54 1.33E+1OI DU 4.00 1.95E+0710.00 1.95E+0711.11E+0417.5E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 5.00 4.1OE+O6IO.OO 4.10E+0612.34E+03 I8.7E+OOI
11.00 5.58E+1OI2.54 1.33E+1OI DU 6.00 8.95E+0510.00 8.95E+0515.14E+0219.9E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 7.00 1.99E+0510.00 1.99E+051 115.14 11.lE+OII
11.00 5.58E+1OI2.54 1.33E+1OI DU 8.00 4.43E+0410.00 4.43E+041 25.80 11.2E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 9.00 9.70E+0310.00 9.70E+031 5.68 11.3E+011
11.00 5.58E+10j2.54 1.33E+1OI DU 10.002.22E+0310.00 2.22E+O3I 1.31 11.5E+Oll
11.00 5.58E+1OI2.54 1.33E+1O] DU 11.00 5.04E+0210.00 5.04E+0212.99E-0111.6E+01 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 12.00 1.15E+0210.00 1.15E+0216.88E-0211.7E+01 I
11.00 5.58E+1O{2.54 1.33E+1OI DU 13.00 2.65E+0110.00 2.65E+0111.59E-0211.8E+01 1
11.00 5.58E+1OI2.54 1.33E+1OI DU 14.00 6.13E+OOI0.00 6.13E+OO13.70E-0312.OE+O1 I
11.00 5.58E+IO12.54 1.33E+1OI DU 15.00 1.42E+OOI0.00 1.42E+OO18.62E-0412.IE+O1 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 16.00 3.30E-0110.00 3.30E-0112.OIE-0412.2E+01 I
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]1.00 5.58E+1OI2.54 1.33E+1OI DU 17.00 7.70E-02[0.00 7.70E-0214.72E-0512.4E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 18.00 1.80E-02[0.00 1.80E-0211.11E-0512 .5E+01 I

11.00 5.58E+1OI2.54 1.33E+1OI DU 19.004.22E-0310.004.22E-03}2. 62E-0612.6E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 20.00 9.90E-0410.00 9.90E-0416.18E-0712.7E+01 I

11.00 5.58E+1OI2.54 1.33E+1OI DU 0.00 1.33E+1OI3.81 2.08E+0911.15E+0613.OE+OOI
11.00 5.58E+1OI2.54 1.33E+1OI DU 3.00 9.78E+0713.81 1.53E+0718.63E+0316.4E+O0 I

11.00 5.58E+1OI2.54 1.33E+1OI DU 4.00 1.95E+0713.81 3.05E+0611.73E+0317.5E+OOI
11.00 5.58E+1OI2.54 1.33E+IOI DU 5.00 4.1OE+O6I3.81 6.42E+0513.67E+0218.7E+O0 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 6.00 8.95E+0513.81 1.40E+051 80.55 19.9E+OOI
11.00 5.58E+1OI2.54 1.33E+1OI DU 7.00 1.99E+0513.81 3.12E+041 18.03 11.lE+OII

11.00 5.58E+1OI2.54 1.33E+1OI DU 8.00 4.43E+04[3.81 6.94E+031 4.04 11.2E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 9.00 9.70E+0313.81 1.52E+0318.90E-0111.3E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 10.OO 2.22E+0313.81 3.47E+0212.05E-0111.5E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 11.00 5.04E+0213.81 7.90E+0114.68E-0211.6E+01 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 12.00 1.15E+0213.81 1.81E+0111.08E-0211.7E+01 I
11.00 5.58E+IO12.54 1.33E+1OI DU 13.00 2.65E+0113.81 4.15E+O012.49E-0311.8E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 14.00 6.13E+OO13.819.59E-0115.79E-04 12-OE+OII
11.00 5.58E+1oI2.54 1.33E+1OI DU 15.00 1.42E+OO13.812.22E-0111.35E-04 12.lE+OII

11.00 5.58E+1OI2.54 1.33E+1OI DU 16.00 3.30E-0113.81 5.17E-0213.16E-0512.2E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 17.00 7.70E-0213.81 1.21E-0217.40E-0612.4E+011
11.00 5.58 E+1012 .54 1.33 E+1OI DU 18.00 1.80 E-0213.81 2.82 E-0311 .74E-0612 .5E+011
11.00 5.58E+1OI2.54 1.33E+1OI DU 19.00 4.22E-0313.81 6.60E-0414.10E-07 I2.6E+O1 I
11.00 5.58E+1OI2.54 1.33E+1OI DU 20.00 9.90E-0413.81 1.55E-0419.67E-0812.7E+011

11.25 4.51E+IOI0.00 4.51E+1OILEAD 0.00 4.51E+10 IO.OO4.51E+IOI3.O6E+O7 13.OE+OOI
!1.25 4.51E+1OIO.OO 4.51E+1OILEAD 3.00 2.45E+0910.00 2.45E+0911.70E+0615.lE+OOI
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 4.00 1.16E+0910.00 1.16E+0918.12E+0515.8E+OOI
11.25 4.51E+1OIO.OO 4-51E+1OILEAD 5.00 5.47E+0810.00 5.47E+0813.84E+0516.5E+OOI
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 6.OO 2.57E+0810.00 2.57E+0811.82E+0517.3E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 7.00 1.22E+0810.00 1.22E+0818.67E+0418.OE+OO I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 8.00 5.80E+0710.00 5.80E+0714.15E+0418.7E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 9.00 2.78E+0710.00 2.78E+0712.01E+0419.5E+O0 I
11.25 4.51E+1010.00 4.5IE+IOILEAD1O.OO 1.34E+0710.00 1.34E+07[9.74E+0311.OE+OII
11.25 4.51E+1OIO.OO 4.51E+101LEADll.00 6.52E+0610.00 6.s2E+0614.75E+0311.lE+OII

11.25 4.51E+1OIO.OO 4.51E+1OILEAD12.OO 3.18E+0610.00 3.18E+0612.33E+0311.2E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD13.OO 1.55E+0610.00 1.55E+0611.14E+0311.3E+011
11.25 4.51 E+lOIO. OO 4.51 E+1O]LEAD 14.00 7.57 E+0510. oO 7.57 E+0515.62E+0211 .3E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD15.OO 3.69E+0510.00 3.69E+0512.75E+0211.4E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD16.OO 1.79E+0510.oo 1.79E+051 134.50 11.5E+011
11.25 4.51E+1OIO.OO 4.51E+101LEAD 17.00 8.65E+0410.00 8.6sE+04{ 65.33 11.6E+011
11.25 4.51E+1OIO.OO 4.5IE+1OILEAD18.OO 4.15E+0410.00 4.15E+04/ 31.49 11.7E+OII
I1.254.51E+1OIO.OO 4.51E+1OILEAD19.OO 1.97E+0410.00 1.97E+041 15.03 11.7E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD2O.OO 9.24E+0310.00 9.24E+031 7.09 11.8E+011
11.25 4.51E+1OIO.OO 4.51E+.10ILEAD 0.00 4.51E+1OI3.81 7.33E+0914.98E+0613 .OE+OO I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 3.00 2.45E+0913.81 3.99E+0812.77E+0515.lE+OOI
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 4.00 1.16E+0913.81 1.89E+0811.32E+0515.8E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 5.00 5.47E+0813.81 8.89E+0716.25E+0416.5E+OOI
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 6.00 2.57E+0813.81 4.18E+0712.96E+0417.3E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1O!LEAD 7.00 1.22E+0813.81 1.98E+07~l.41E+0418.OE+OOl
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 8.00 5.80E+0713.81 9.43E+0616.75E+0318.7E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 9.00 2.78E+0713.81 4.52E+0613.26E+0319.5E+OOI

11.25 4.51E+1OIO.OO 4.51E+1OILEAD 10.00 1.34E+0713.81 2.18E+0611.58E+0311.OE+OII
11.25 4.51E+1OIO.OO 4.51E+1OILEAD11.OO 6.52E+0613.81 1.06E+0617.73E+0211.lE+OII
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 12.00 3.18E+0613.81 5.16E+0513.79E+0211.2E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 13.00 1.55E+0613.81 2.52E+051 185.93 11.3E+011
11.25 4.51E+1OIO.OO 4.51E+101LEAD 14.00 7.57E+0513.81 1.23E+051 91.30 11.3E+011
11.25 4.51E+1OIO.OO 4.51E+1O(LEAD15.OO 3.69E+0513.81 6.00E+041 44.76 11.4E+011
11.25 4.51E+1010.00 4.51E+101LEAD 16. 00 1.79E+0513.81 2.91E+041 21.87 11.5E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 17.00 8.65E+0413.81 1.41E+041 10.62 11.6E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD18.OO 4.15E+04\3.81 6.74E+031 5.12 11.7E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD 19.00 1.97E+0413.81 3.20E+031 2.44 11.7E+011
11.25 4.51E+1OIO.OO 4.51E+1OILEAD2O.OO 9.24E+0313.81 1.50E+031 1.15 11.8E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 0.00 4.51E+1OIO.OO 4.51E+1013.06E+07 I3.OE+OOI
11.25 4.51E+1OIO.OO 4.51E+1OI DU 3.00 8.82E+0810.00 8.82E+0816.12E+0516-4E+OOI
]1.25 4.51E+1OIO.OO 4.51E+1O! DU 4.00 2.31E+0810.00 2.31E+0811.61E+0517.5E+O0 j
I1.254.51E+1OIO.OO 4.51E+1OI DU 5.00 6.30E+0710.00 6.30E+0714.43E+0418.7E+OOI
11.25 4.5IE+1OIO.OO 4.51E+1OI DU 6.00 1.78E+0710.00 1.78E+0711.26E+0419.9E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 7.00 5.16E+0610.00 5.16E+0613.67E+0311.lE+O1 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 8.00 1.52E+0610.00 1.52E+0611.09E+0311.2E+01 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 9.00 4.51E+0510.00 4.51E+0513.25E+0211.3E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 10.00 1.33E+0510.00 1.33E+051 96.77 11.5E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 11.00 3.90E+0410.00 3.90E+041 28.45 11.6E+011
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11.25 4.51E+1OIO.OO 4.51E+1OI DU 12.00 1.11E+0410.00 1.11E+041 8.18 ]1.7E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 13.00 3.54E+0310.00 3.54E+031 2.61 11.8E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 14.00 1.07E+0310.00 1.07E+0317 .94E-0112.OE+O1 I
I1.254.51E+1OIO.OO 4.51E+1OI DU 15.00 3.24E+02\0.00 3.24E+0212.42E-0112.lE+OII

11.25 4.51E+1OIO.OO 4.51E+1OI DU 16.00 9.86E+0110.00 9.86E+0117.40E-0212.2E+01 I
11.25 4.51E+1O[O.OO 4.51E+1OI DU 17.00 3.OIE+OIIO.00 3.01E+0112.27E-0212 .4E+01 I

11.25 4.51 E+lOIO. OO 4.51 E+1OI DU 18.00 9.19 E+ OOI0.00 9.19 E+ 0016.98E-0312 .5E+011
11.25 4.51E+1O}O.OO 4.51E+1OI DU 19.00 2.82E+OOI0.00 2.82E+O0 12.15E-0312.6E+01 I

11.25 4.51E+1OIO.OO 4.51E+1OI DU 20.00 8.65E-0110.00 8.65E-0116.64E-0412.7E+01 I
11.25 4.51E+101O.OO 4.51E+1OI DU 0.00 4.51E+1OI3.81 7.33E+0914.98E+0613.OE+OO I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 3.00 8.82E+0813.81 1.43E+0819.95E+0416.4E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 4.00 2.31E+0813.81 3.75E+0712.62E+0417.5E+O0 I

11.25 4.51E+1OIO.OO 4.51E+1OI DU 5.00 6.30E+0713.81 1.02E+07/7.20E+0318.7E+O0 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 6.00 1.78E+0713.81 2.89E+0612 .05E+0319.9E+O0 I

11.25 4.51E+1OIO.OO 4.51E+1OI DU 7.00 5.16E+0613.81 8.39E+0515.97E+0211.lE+O1 I

11.25 4.51E+1OIO.OO 4.51E+1OI DU 8.00 1.52E+0613.81 2.47E+051 177.04 {1.2E+011

11.25 4.51E+10 IO.OO4.51E+1OI DU 9.00 4.51E+0513.81 7.33E+041 52.85 11.3E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 10.00 1.33E+05/3.81 2.17E+041 15.73 11.5E+011
/1.25 4.51E+1OIO.OO 4.51E+1OI DU 11.00 3.90E+0413.81 6.34E+031 4.62 11.6E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 12.00 1.11E+0413.81 1.81E+031 1.33 11.7E+011
11.25 4.51E+1OIO.OO 4.51E+1OI DU 13.00 3.54E+0313.81 5.76E+0214.25E-0111.8E+01 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 14.00 1.07E+0313.81 1.74E+0211.29E-0112.OE+O1 I

11.25 4.51E+1OIO.OO 4.51E+1OI DU 15.00 3.24E+0213.81 5.27E+0113 .94E-0212.lE+O1 I

[1.25 4.51E+1OIO.OO 4.51E+1OI DU 16.00 9.86E+0113.81 1.60E+0111.20E-0212.2E+01 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 17.00 3.01E+0113.81 4.89E+O0 13.69E-0312.4E+01 I
11.25 4.51E+1OIO-OO 4.51E+1OI DU 18.00 9.19E+OO13.81 1.49E+O0 11.13E-0312.5E+01 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 19.00 2.82E+OO13.81 4.58E-0113.50E-0412.6E+01 I
11.25 4.51E+1OIO.OO 4.51E+1OI DU 20.00 8.65E-0113.81 1.41E-0111.08E-0412 .7E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 0.00 1.O6E+1OIO.OO 1.06E+10 I7.19E+O6I3.OE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 3.00 5.77E+0810.00 5.77E+0814.00E+0515.lE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 4.00 2.73E+0810.00 2.73E+08~l.91E+0515.8E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 5.00 1.28E+0810.00 1.28E+0819.03E+0416.5E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 6.00 6.05E+0710.00 6.05E+0714.28E+0417.3E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 7.00 2.86E+0710.00 2.86E+0712.04E+0418.OE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 8.00 1.36E+0710.00 1.36E+0719.76E+0318.7E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD :1.oO 6.54E+0610.00 6.54E+0614.71E+0319.5E+O0 I

11.25 4.51E+1OI2.54 1.O6E+1OILEAD 10.00 3.16E+06j0.00 3.16E+0612.29E+0311.OE+OII
11.25 4.51E+1OI2.54 1.06E+10 ILEAD1I..OO 1.53E+0610.00 1.53E+0611.12E+0311.lE+OII
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 12.00 7.46E+0510.00 7.46E+0515.47E+0211.2E+011
11.25 4.51E+1OI2-54 1.O6E+1OILEAD 13.00 3.64E+0510.00 3.64E+0512.69E+0211.3E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD14.OO 1.78E+C510.00 1.78E+051 131.92 11.3E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 15.00 8.66E+0410.00 8.66E+041 64.68 11.4E+011
11.25 4.51E+1OI2.54 I.O6E+1OILEAD16.OO 4.21E+0410.00 4.21E+041 31.59 11.5E+011

11.25 4.51E+1OI2.54 1.06E+101LEAI 317.OO 2.03E+0410.00 2.03E+041 15.35 11.6E+011
/1.25 4.51E+1O]2.54 1.O6E+1OILEAD18.OO 9.74E+0310.00 9.74E+031 7.40 11.7E+011

11.25 4.51 E+1012 .54 1. O6E+1O{LEAD 19.00 4.63 E+0310.00 4.63 E+031 3.53 11.7E+011
11.25 4.51E+1O]2.54 1.O6E+1OILEAD20.OO 2.17E+0310-00 2.17E+031 1.67 11.8E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD ().00 1.O6E+1OI3.81 1.72E+0911.17E+0613.OE+OO \
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 3.00 5.77E+0813.81 9.37E+0716.50E+0415.lE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 4.00 2.73E+0813.81 4.44E+0713.10E+04 I5.8E+OO I

11.25 4.51E+1OI2.54 1.O6E+1OILEAD
11.25 4.51E+1OI2.54 1.O6E+1OILEAD

5.00 1.28E+0813.81 2.09E+0711.47E+0416.5E+O0 I
6.00 6.05E+0713.81 9.83E+0616.95E+0317.3E+O0 I

11.25 4.51E+1OI2.54 1.O6E+1OILEAD 7.00 2.86E+0713.81 4.65E+0613.31E+0318.OE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 8.00 1.36E+0713.81 2.22E+0611.59E+0318.7E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 9.00 6.54E+0613.81 1.06E+0617. 66E+0219 .5E+OOI
!1.25 4.51E+1OI2.54 1.06E+IOILEAD 10.00 3.16E+0613.81 5.13E+0513.72E+0211.OE+OII
11.25 4.51E+1OI2.54 1.O6E+1O[LEAD l:L.00 1.53E+0613.81 2.49E+051 181.57 11.lE+OII

!1.25 4.51E+1OI2.54 1.O6E+1OILEAD12.OO 7.46E+05[3.81 1.21E+051 88-96 11.2E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD 13.00 3.64E+0513.81 5.92E+041 43.67 11.3E+011
I1.254.51E+1OI2.54 1.O6E+1OILEAD14.OO 1.78E+05\3.81 2.89E+041 21.45 11.3E+011
11.25 4.51E+1OI2.54 1.06E+IOILEAD 15.00 8.66E+0413.81 1.41E+041 10-51 11.4E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD16.OO 4.21E+0413.81 6.84E+031 5.14 11.5E+011
11.25 4.51E+1OI2.54 1.06E+10 ILEAD1’7.00 2.O3E+O4I3. 81 3.30E+031 2.50 11.6E+011
11.25 4.51E+1OI2.54 1.06E+101LEAD lf3.00 9.74E+0313.81 1.58E+03[ 1.20 11.7E+011
11.25 4.51 E+1012 .54 1. 06E+10 ILEAD 1!1.00 4.63 E+0313.81 7.52 E+0215.74E-0111 .7E+011
11.25 4.51E+1OI2.54 1.O6E+1OILEAD2O.OO 2.17E+0313.81 3.53E+0212.71E-0111.8E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 0.00 1.06E+IOI0.00 1.06E+10 I7.19E+O6I3.OE+OO I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 3.00 2.07E+0810.00 2.07E+0811.44E+0516.4E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 4.00 5.42E+0710.00 5.42E+0713.79E+0417.5E+O0 I

I1.254.51E+1OI2.54 1.O6E+1OI DU !j.oo 1.48E+0710.00 1.48E+0711.04E+0418 .7E+ool

11.25 4.51E+1OI2.54 1.O6E+1OI DU lj.00 4.18E+0610.00 4.18E+0612.96E+0319.9E+O0 I
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!1.25 4.51E+1OI2.54 1.O6E+1OI DU 7.00 1.21E+0610.00 L.21E+0618.63E+0211.lE+O1 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 8.00 3.57E+0510.00 3.57E+0512 .56E+0211.2E+01 I

11.25 4.51E+1OI2.54 1.O6E+1OI DU 9.00 1.06E+0510.00 1.06E+051 76.36 11.3E+oll
]1.25 4.51E+1OI2.54 1.O6E+1OI DU 10.00 3.14E+0410.00 3.14E+041 22.73 11.5E+011

11.25 4.51E+1OI2.54 1.O6E+1OI DU 11.00 9.16E+0310.00 9.16E+031 6.68 11.6E+011

11.25 4.51E+1OI2.54 1.O6E+1OI DU 12.00 2.62E+0310.00 2.62E+031 1.92 11.7E+011

11.25 4.51E+1OI2.54 1.O6E+1OI DU 13.00 8.32E+0210.00 8.32E+0216.14E-0111.8E+01 [
11.25 4.51E+1OI2.54 1.O6E+1OI DU 14.00 2.51E+0210.00 2.51E+0211.87E-0112.OE+OII
11.25 4.51E+1OI2.54 1.O6E+1OI DU 15.00 7.62E+0110.00 7.62E+0115.69E-0212 .lE+O1 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 16.00 2.32E+0110.00 2.32E+0111.74E-0212.2E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 17.00 7.06E+OOI0.00 7.06E+OO15.33E-0312.4E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 18.00 2.16E+OOI0.00 2.16E+O0 11.64E-0312.5E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 19.00 6.62E-0110.00 6.62E-0115.05E-0412.6E+01 I
/1.25 4.51E+1OI2.54 1.O6E+1OI DU 20.00 2.03E-0110.002.03E-0111.56E-04 12.7E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 0.00 1.O6E+1OI3.81 1.72E+0911.17E+0613.OE+OOI
11.25 4.51E+1OI2.54 1.O6E+1OI DU 3.00 2.07E+0813.81 3.37E+0712.34E+0416.4E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 4.00 5.42E+0713.81 8.82E+0616.16E+0317.5E+OOI
11.25 4.51E+1OI2.54 1.O6E+1OI DU 5.00 1.48E+0713.81 2.41E+0611.69E+0318.7E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 6.00 4.18E+0613.81 6.80E+0514.81E+0219.9E+O0 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 7.00 1.21E+0613.81 1.97E+051 140.26 11.lE+OII
11.25 4.51E+1OI2.54 1.O6E+1OI DU 8.00 3.57E+0513.81 5.81E+041 41.59 11-2E+o11
11.25 4.51E+1OI2.54 1.O6E+1OI DU 9.00 1.06E+0513.81 1.72E+041 12.41 11.3E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 10.00 3.14E+0413.81 5.1OE+O3I 3.70 11.5E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 11.00 9.16E+0313.81 1.49E+031 1.09 11.6E+011

11.25 4.51E+1OI2.54 1.O6E+1OI DU 12.00 2.62E+0313.81 4.26E+0213.12E-0111.7E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 13.00 8.32E+0213.81 1.35E+0219.98E-0211.8E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 14.00 2.51E+0213.81 4.09E+0113.03E-0212.OE+O1 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 15.00 7.62E+0113.81 1.24E+0119.25E-0312.lE+O1 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 16.00 2.32E+0113.81 3.77E+OO12.83E-0312.2E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 17.00 7.06E+OO13.81 1.15E+OO18.67E-0412.4E+01 I
11.25 4.51E+1O[2.54 1.O6E+1OI DU 18.00 2.16E+OO13.81 3.51E-0112.67E-0412.5E+011
11.25 4.51E+1OI2.54 1.O6E+1OI DU 19.00 6.62E-0113.81 1.08E-0118.21E-0512.6E+01 I
11.25 4.51E+1OI2.54 1.O6E+1OI DU 20.00 2.03E-0113.81 3.30E-0212.53E-0512.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 0.00 3.81E+1OIO.OO 3.81E+10 I3.O5E+O7I3.OE+OO I
11.50 3.81E+1OIO.OO 3.81E+1O}LEAD 3.00 3.00E+0910.00 3.00E+0912.45E+0615.lE+OO I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 4.00 1.61E+0910.00 1.61E+0911.32E+0615.8E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 5.00 8.49E+08j0.00 8.49E+0817.03E+0516.5E+OOI
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 6.00 4.47E+0810.00 4.47E+0813.72E+0517.3E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 7.00 2.36E+0810.00 2.36E+0811.97E+0518.OE+OO I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 8.00 1.25E+0810.00 1.25E+0811.05E+0518.7E+O0 I
11.50 3.81E+1OIO.OO 3.81E+101LEAD 9.00 6.63E+0710.00 6.63E+0715.62E+0419.5E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD1O.OO 3.54E+07[0.00 3.54E+07\3.02E+0411.OE+Oll
I1.503.81E+1OIO.OO 3.81E+1OILEAD11.OO 1.90E+0710.00 1.90E+0711.63E+0411.lE+OII
11.50 3.81E+1OIO.OO 3.81E+1OILEAD12.OO 1.03E+0710.00 1.03E+0718.86E+0311.2E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 13.00 5.55E+O61O.OO 5.55E+0614.82E+0311.3E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 14.00 3.01E+0610.00 3.01E+0612.63E+0311.3E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD15.OO 1.64E+0610.00 1.64E+0611.44E+0311.4E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD16.OO 8.90E+0510.00 8.90E+0517.87E+0211.5E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD17.OO 4.84E+0510.00 4.84E+0514.30E+0211.6E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 18.00 2.63E+0510.00 2.63E+0512.35E+0211.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD19.OO 1.42E+0510.00 1.42E+051 127.71 11.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD2O.OO 7.65E+0410.00 7.65E+041 69.16 11.8E+o11
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 0.00 3.81E+1OI3.81 6.14E+0914.91E+0613.OE+OO I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 3.00 3.00E+0913.81 4.84E+0813.95E+0515.lE+OOI
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 4.00 1.61E+0913.81 2.59E+0812.13E+0515.8E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 5.00 8.49E+0813.81 1.37E+0811.13E+0516.5E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 6.00 4.47E+0813.81 7.21E+0716.00E+0417.3E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 7.002.36E+0813.81 3.80E+0713.18E+0418.OE+OOI

11.50 3.81E+1OIO.OO 3.81E+1OILEAD 8.00 1.25E+0813.81 2.01E+0711.70E+0418.7E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OILEAD 9.00 6.63E+0713.81 1.07E+0719.07E+0319.5E+OOI
11.50 3.81E+1OIO.OO 3.81E+101LEAD1O.OO 3.54E+0713.81 5.71E+0614.88E+0311.OE+OII
11.50 3.81E+1010. OO 3.81 E+1OILEAD 11.00 1.90E+07 /3.81 3.07 E+0612.63E+0311 .lE+OII
11.50 3.81E+1OIO.OO 3.81E+1OILEAD12.OO 1-03E+0713.81 1.65E+0611.43E+0311-2E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD13.OO 5.55E+0613.81 8.95E+0517.78E+0211-3E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD14.OO 3.01E+0613.81 4.86E+0514.25E+0211.3E+01[
11.50 3.81 E+lOIO. OO 3.81 E+1OILEAD 15.00 1.64 E+06/ 3.81 2.64 E+0512.32E+0211 .4E+011
I1.503.81E+1O{O.OO 3.81E+10 ILEAD16.00 8.9OE+O5I3.81 1.44E+051 126.97 11.5E+011
I1.503.81E+1OIO.OO 3.81E+101LEAD 17.OO4.84E+O5I3.81 7.80E+041 69.40 11.6E+011

11.50 3.81E+1OIO.OO 3.81E+1OILEAD18.OO 2.63E+0513.81 4.23E+041 37.86 11.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD19.OO 1.42E+0513.812.29E+041 20.60 11.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OILEAD2O.OO 7.65E+0413.81 1.23E+041 11.15 11.8E+011
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11.50 3.81E+1OIO.OO 3.81E+1OI DU 0.00 3.81E+1OIO.OO 3.81E+10 I3.O5E+O7I3.OE+OO \
11.50 3.81E+1OIO.OO 3.81E+1OI DU 3.00 1.42E+0910.00 1.42E+0911.16E+0616.4E+OOI
11.503.81E+1010.00 3.81E+101 DU 4.00 4.45E+0810.00 4.45E+0813.66E+0517.5E+O0 I
II.503.81E+1oIo.oo 3.81E+lol DU 5.00 1.44E+0810.00 1.44E+0811.19E+0518.7E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 6.00 4.82E+0710.00 4.82E+0714.01E+0419.9E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 7.00 1.65E+0710.00 1.65E+0711.38E+0411.lE+O1 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 8.00 5.74E+0610.00 5.74E+0614.84E+0311.2E+01 I
11.503.81E+1010.00 3.8IE+1oI DU 9.00 2.03E+06\0.00 2.03E+0611.72E+0311.3E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 10.00 7.21E+0510.00 7.21E+0516.16E+0211.5E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 11.00 2.57E+0510.00 2.57E+0512.21E+0211.6E+01 I

11.50 3.81E+1OIO.OO 3.81E+1OI DU 12.00 9.12E+0410.00 9.12E+041 78.78 [1.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 13.00 3.20E+0410.00 3.20E+041 27.82 11.8E+011

11.50 3.81E+1OIO.OO 3.81E+101 DU 14.00 1.11E+0410.00 1.llE+04\ 9.66 ]2.OE+OII
11.50 3.81E+1OIO.OO 3.81E+1OI DU 15.00 4.18E+0310.00 4.18E+031 3.67 12.lE+OII
11.50 3.81E+1O]O.OO 3.81E+1OI DU 16.00 1.51E+0310.00 1.51E+031 1.33 12.2E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 17.00 5.47E+0210.00 5.47E+0214.86E-0112.4E+011

11.50 3.81E+1OIO.OO 3.81E+1OI DU 18.00 1.99E+0210.00 1.99E+0211.78E-0112.5E+01 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 19.00 7.23E+0110.00 7.23E+0116.50E-0212.6E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 20.00 2.63E+0110.00 2.63E+0112.38E-0212.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 0.00 3.81E+1OI3.81 6.14E+0914.91E+0613.OE+OO I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 3.00 1.42E+0913.81 2.29E+0811.87E+05/6.4E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 4.00 4.45E+0813.81 7.18E+0715.90E+0417.5E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 5.00 1.44E+0813.81 2.33E+0711.93E+0418.7E+O0 I
11.503.81E+1010.00 3.81E+lol DU 6.00 4.82E+0713.81 7.77E+0616.47E+0319 .9E+O0 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 7.00 1.65E+0713.81 2.66E+06\2.23E+0311.lE+Oll
11.50 3.81E+1OIO.OO 3.81E+1OI DU 8.00 5.74E+06/3.81 9.26E+0517.81E+0211.2E+01 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 9.00 2.03E+0613.81 3.27E+0512.78E+0211.3E+01 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 10.00 7.21E+0513.81 1.16E+051 99.35 11.5E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 11..00 2.57E+0513.81 4.15E+041 35.61 11.6E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 12.00 9.12E+0413.81 1.47E+041 12.70 11.7E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 13.00 3.20E+0413.81 5.16E+031 4.49 11.8E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 14.00 1.11E+0413.81 1.78E+031 1.56 12.OE+OII
11.50 3.81E+1OIO.OO 3.81E+1OI DU 15.00 4.18E+0313.81 6.73E+0215.92E-0112 .lE+O1 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 16.00 1.51E+0313.81 2.43E+0212.15E-0112 .2E+01 I
11.50 3.81E+1O{O.OO 3.81E+1OI DU 17.00 5.47E+02/3.81 8.82E+0117.84E-0212.4E+011
11.50 3.81E+1OIO.OO 3.81E+1OI DU 18.00 1.99E+0213.81 3.20E+0112.86E-0212.5E+01 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 19.00 7.23E+0113.81 1.17E+0111.05E-0212 .6E+01 I
11.50 3.81E+1OIO.OO 3.81E+1OI DU 20.00 2.63E+0113.81 4.25E+O0 13.84E-0312.7E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD ().00 5.85E+0910.00 5.85E+0914.68E+0613.OE+OOI
11.50 3.81E+1OI2.54 5.85E+091LEAD 3.00 4.61E+0810.004.61E+0813.77E+05 15.IE+OOI
11.50 3.81E+1OI2.54 5.85E+091LEAD 4.00 2.47E+0810.00 2.47E+0812.03E+0515.8E+O0 I
11.50 3.81E+1OI2.54 5.85E+091LEAD 5.00 1.30E+0810.00 1.30E+0811.08E+0516.5E+OOI
/1.50 3.81E+1OI2.54 5.85E+091LEAD 6.00 6.87E+0710.00 6.87E+0715.72E+0417.3E+O0 I
11.50 3.81E+1OI2.54 5.85E+091LEAD 7.00 3.62E+07\0.00 3.62E+0713.03E+0418.OE+OO I

11.50 3.81E+1OI2.54 5.85E+09\LEAD 8.00 1.92E+0710.00 1.92E+0711.62E+0418.7E+OO]
I1.503.81E+1OI2.54 5.85E+09\LEAD 9.00 1.02E+0710.00 1.02E+0718.64E+0319.5E+OOI
11.50 3.81E+1OI2.54 5.85E+091LEAD 10.00 5.44E+0610.00 5.44E+0614.65E+0311.OE+OII
11.50 3.81E+1OI2.54 5.85E+091LEAD 1:1.00 2.92E+0610.00 2.92E+0612.51E+0311.lE+OII
11.50 3.81E+1OI2.54 5.85E+091LEAD 12.00 1.58E+0610.00 1.58E+0611.36E+0311.2E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 13.00 8.53E+0510.00 8.53E+0517.42E+0211.3E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 14.00 4.63E+0510.00 4.63E+0514.05E+0211.3E+OII
11.50 3.81 E+lOI 2.54 5.85 E+091LEAD 15.00 2.52 E+0510 .00 2.52 E+0512.21E+0211 .4E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 16.00 1.37E+0510.00 1.37E+051 121.00 11.5E+011
I1.503.81E+1OI2-54 5.85E+091LEAD 1’7.007.44E+0410.00 7.44E+041 66.14 11.6E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 18.00 4.04E+0410.00 4.04E+041 36-08 11.7E+011
I1.503.81E+1OI2.54 5.85E+091LEAD 1!).00 2.18E+0410.00 2.18E+041 19.63 \l.7E+Oll

11.50 3.81E+1OI2-54 5.85E+091LEAD 20.00 1.18E+0410.00 1.18E+041 10.63 11.8E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 0.00 5.85E+0913.81 9.43E+0817.55E+0513.OE+OOI
11.50 3.81E+1OI2.54 5.85E+091LEAD :3.00 4.61E+0813.81 7.44E+0716.07E+0415.lE+OO I
11.50 3.81E+1OI2.54 5.85E+091LEAD 4.00 2.47E+0813.81 3.98E+0713.27E+0415.8E+O0 I
11.50 3.81E+1OI2.54 5.85E+091LEAD ‘5.00 1.30E+0813.81 2.10E+071 1.74E+O4I6.5E+OO I
11.50 3.81E+1OI2.54 5.85E+091LEAD 6.00 6.87E+0713.81 1.11E+0719.23E+0317.3E+OOI
11.50 3.81E+1OI2.54 5.85E+091LEAD ‘7.00 3.62E+0713.81 5.84E+0614.89E+0318 .OE+OO I
11.50 3.81E+1OI2.54 5.85E+091LEAD 8.00 1.92E+0713.81 3.09E+0612.61E+0318.7E+OOI
/1.50 3.81E+1OI2.54 5.85E+091LEAD 9.00 1.02E+0713.81 1.64E+0611.39E+0319.5E+OOI
11.50 3.81E+1OI2.54 5.85E+O9ILEAD1O.OO 5.44E+0613.81 8.78E+0517.50E+0211.OE+OII
11.50 3.81E+IO12.54 5.85E+091LEAD 11.00 2.92E+0613-81 4.71E+0514.05E+02tl.lE+Oll
11.50 3.81E+1OI2.54 5.85E+091LEAD 12.00 1.58E+0613-81 2.54E+0512.20E+0211.2E+011

I1.503.81E+1OI2.54 5.85E+091LEAD 13.00 8.53E+0513.81 1.38E+051 119.58 11.3E+011
11.50 3.81E+1OI2.54 5.85E+091LEAD 14.00 4.63E+0513.81 7.47E+041 65.27 11.3E+011

11.50 3.81E+1OI2.54 5.85E+091LEAD 15.00 2.52E+0513.81 4.06E+041 35.68 11.4E+011
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7.5 Appendix E - Results for Lead Shield Material

Dose Rate at Cask Surface for Lead Shielding
(0.00 &0.OOcm SS liners)

1

-/

Figure E-1. 3D plot of dose rate at cask surface as a function of gamma-ray energy and
lead shielding thickness without shielding credit for stainless steel liners.
Plot floor corresponds to cask surface dose rate limit of 200 mrernhr limit.
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Dose Rate at Cask Surface for Lead Shielding

(2.54 & 3.81 cm SS liners)

Figure E-2. 3D plot of dose rate at cask surface as a function of gamma-ray energy and
lead shielding thickness with shielding credit for stainless steel liners. Plot
floor corresponds to cask surface dose rate limit of 200 mrem/hr limit.
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Exposure Rate at lrn from Cask Surface for Lead Shielding
(0.00 & 0.00 cm SS liners)

1

Figure E-3. 3D plot of exposure rate at one meter from the cask surface as a function
of gamma-ray energy and lead shielding thickness without shielding credit
for stainless steel liners. Plot floor corresponds to exposure rate of 50
mR/hr at one meter from cask surface.
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Exposure Rate at lm from Cask Surface for Lead Shielding

(2.54 & 3.81 cm SS liners)

1e+8

Figure E-4. 3D plot of exposure rate at one meter from the cask surface as a function
of gamma-ray energy and lead shielding thickness with shielding credit for
stainless steel liners. Plot floor corresponds to exposure rate of 50 mR/hr
at one meter from cask surface.
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Dose Rate at 2m from Cask Surface for Lead Shielding

(0.00 & 0.00 cm SS liners)

Figure E-5. 3D plot of dose rate at two meters from the cask surface as a function of
gamma-ray energy and lead shielding thickness without shielding credit
for stainless steel liners. Plot floor corresponds to dose rate of 10 mredhr
at two meters fi-om cask surface.
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Dose Rate at 2m from Cask Surface for Lead Shielding

(2.54 & 3.81 cm SS liners)

Figure E-6. 3D plot of dose rate at two meters from the cask surface as a function of
gamma-ray energy and lead shielding thickness with shielding credit for
stainless steel liners. Plot floor corresponds to dose rate of 10 mrem/hr at
two meters from cask surface.
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7.6 Appendix F - Results for Depleted Uranium Material

This appendix contains 3D plots generated from selected SHIELD results, for depleted
uranium shielding material only.

Dose Rate at Cask Surface for DU Shielding
(0.00 & 0.00 cm SS liners)

Figure F-1. 3D plot of dose rate at cask surface as a function of gamma-ray energy and
depleted uranium shielding thickness without shielding credit for stainless
steel liners. Plot floor corresponds to cask surface dose rate limit of 200
mrem/hr limit.
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Dose Rate at Cask Surface for DU Shielding

(2.54 & 3.81 cm SS liners)

1

Figure F-2. 3D plot of dose rate at cask surface as a function of gamma-ray energy and
depleted uranium shielding thickness with shielding credit for stainless
steel liners. Plot floor corresponds to cask surface dose rate limit of 200
mrem/hr limit.
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Exposure Rate at lm from cask Surface for DU Shielding

(C~.00& 0.00 cm SS liners)

Figure F-3. 3D plot of exposure rate at one meter from the cask surface as a function
of gamma-ray energy and depleted uranium shielding thickness without
shielding credit for stainless steel liners. Plot floor corresponds to
exposure rate of 50 mR/hr at one meter from cask surface.
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Exposure Rate at lm from Cask Surface for DU Shielding

(2.54 & 3.81 cm SS liners)

Figure F-4. 3D plot of exposure rate at one meter from the cask surface as a finction
of gamma-ray energy and depleted uranium shielding thickness with
shielding credit for stainless steel liners. Plot floor corresponds to
exposure rate of 50 rnR/hr at one meter from cask surface.
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Dose Rate at 2m from Cask Surface for DU Shielding

(0.00 & 0.00 cm SS liners)

Figure F-5. 3D plot of dose rate at two meters fi-om the cask surface as a fimction of
gamma-ray energy and depleted uranium shielding thickness without
shielding credit for stainless steel liners. Plot floor corresponds to dose
rate of 10 mrern/hr at two meters from cask surface.
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Dose Rate at 2m from Cask Surface for DU Shielding

(2.54 & 3.81 cm SS liners)

Figure F-6. 3D plot of dose rate at two meters from the cask surface as a function of
gamma-ray energy and depleted uranium shielding thickness with
shielding credit for stainless steel liners. Plot floor corresponds to dose
rate of 10 mrern/hr at two meters from cask surface.
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