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SUMMARY

HYDRA-II is a hydrothermal computer code capable of three-dimensional

analysis of coupled conduction, convection, and thermal radiation problems.

This code is especially appropriate for simulating the steady-state performance

of spent fuel storage systems. The code has been evaluated for this applica-

tion for the U.S. Department of Energy's Commercial Spent Fuel Management

Program.

HYDRA-II provides a finite difference solution in Cartesian coordinates to

the equations governing the conservation of mass, momentum, and energy. A

cylindrical coordinate system may also be used to enclose the Cartesian coordi-

nate system. This exterior coordinate system is useful for modeling cylindri-

cal cask bodies.

The difference equations for conservation of momentum are enhanced by the

incorporation of directional porosities and permeabilities that aid in modeling

solid structures whose dimensions may be smaller than the computational mesh.

The equation for conservation of energy permits modeling of orthotropic physi-

cal properties and film resistances. Several automated procedures are availa-

ble-to model radiation transfer within enclosures and from fuel rod to fuel

rod.

The documentation of HYDRA-II is presented in three separate volumes.

Volume I - Equations and Numerics describes the basic differential equations,

illustrates how the difference equations are formulated, and gives the solution

procedures employed. Volume II - User's Manual contains code flow charts, dis-

cusses the code structure, provides detailed instructions for preparing an

input file, and illustrates the operation of the code by means of a model

problem. This volume, Volume III - Verification/Validation Assessments, pro-

vides a comparison between the analytical solution and the numerical simulation

for problems with a known solution. This volume also documents comparisons

between the results of simulations of single- and multiassembly storage systems

and actual experimental data.
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1,0 INTRODUCTION

HYDRA-II is a finite difference hydrothermal computer code that predicts

the temperature and velocity distribution in a wide variety of systems.

HYDRA-II was evaluated and documented for the U.S. Department of Energy's Com-

mercial Spent Fuel Management Program. One of the program's objectives was the

evolution of a mechanistically-based computer code that could be used for accu-

rate analyses of complex spent fuel dry storage systems.

To demonstrate the capability of HYDRA-II as a computational tool, a sig-

nificant effort was expended to assess both the code's performance and the

validity of the computed results. Validation results using earlier versions of

HYDRA are provided in McCann (1986), Rector et al. (1986), and Dziadosz et al.

(1986).

Validation of the HYDRA-II code is presented in this report, the final in

a series of three HYDRA-II documentation volumes. The first, Volume I - Equa-

tions and Numerics (McCann 1987), is a description of the theory behind the

code. The second, Volume II - User's Manual (McCann, Lowery, and Lessor 1987),

provides instructions and guidance for input to the code.

The validation assessment documented herein is based on comparison of code

predictions with spent fuel heat transfer test data. Eleven case comparisons

are reported using the results obtained from experiments employing four unique

spent fuel storage tests. The tests used in the comparisons include all of the

combined heat transfer effects expected to occur within spent fuel storage sys-

tems. The verification assessment is based on comparison of code predictions

with the analytical solution to a simple pure-conduction problem (no fluid

transport), and with detailed data obtained both experimentally and from sep-

arate numerical simulations for a geometrically-simple buoyancy-driven cavity

problem.

The conclusions and recommendations based on these verification/validation

assessments are presented in Chapter 2.0. Chapter 3.0 provides a brief over-

view of the HYDRA-Il code's current capabilities and limitations. The uncer-

tainties inherent in the modeling process are described in Chapter 4.0. The

single- and multiassembly evaluation tests are documented in Chapters 5.0 and
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6.0, respectively. Chapter 7.0 presents the verification assessments. The

HYDRA-II input files for four spent fuel storage test simulations appear in

Appendixes A through D.
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2.0 CONCLUSIONS AND RECOMMENDATIONS

The HYDRA-II computer code was used to predict the hydrothermal perform-

ance of two single-assembly and two multiassembly spent fuel storage cask heat

transfer tests. Comparison of the computed temperature distributions with

those obtained from the tests provided the basis for validating HYDRA-II. Two

additional test cases were used to verify HYDRA-It. In the first, the computed

solution was compared with a known analytical solution. The second verifica-

tion test involved comparison of the HYDRA-II computed results with the exten-

sive data obtained from an experiment and separate numerical simulations of

that experiment. Important conclusions and recommendations established from

the work described in this report are presented in this section.

2.1 CONCLUSIONS

Four principal conclusions were drawn from the work described herein:

* HYDRA-II successfully performed predictions for the two single-

assembly validation tests. The deviation between predictions and

data was f100C in -2000C, in the worst case, for these tests.

* HYDRA-II successfully performed predictions for the two multiassembly

validation tests. The deviation between predictions and data was

t250C in -3000C, in the worst case, for these tests.

* HYDRA-II results compared very well with the analytical solution for

the pure-conduction verification test.

* HYDRA-II results agreed well with the results obtained from two sep-

arate numerical simulations and one set of experimental data for the

buoyancy-driven cavity problem.

2.2 RECOMMENDATIONS

The results of, and conclusions drawn from, this work support two main

recommendations. First, HYDRA-II should continue to be used to predict the

hydrothermal performance of spent fuel dry storage systems as well as other

closed, natural convection systems.
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Second, if better prediction accuracies or enhancements to the

capabilities of HYDRA-I1 are desirable, the following are recommended:

* More complete data sets (e.g., velocity fields) should be obtained in

future cask tests for comparison with computer-simulated results.

* A turbulence model should be implemented in HYDRA-II to extend the

range of its applicability.

* HYDRA-II should be modified to allow inflow/outflow boundary condi-

tions for fluid transport.

* HYDRA-II should be modified to accommodate fully three-dimensional

cavity radiation heat transfer.
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3.0 HYDRA-II DESCRIPTION

HYDRA-II is a fully three-dimensional hydrothermal computer code that

solves the equations of motion, continuity, and energy using finite difference

techniques. The code solves the mass, momentum, and energy conservation equa-

tions for a region containing both fluid and solid materials. These equations

are solved using finite difference representations on a Cartesian grid. The

cartesian-grid region represents a closed system to fluid transport and an open

system for heat transfer. The boundaries of this grid may be in contact with

the environment directly, or through an intermediate body. If present, the

intermediate body is represented with a cylindrical grid that envelops the car-

tesian-grid region. Only the energy equation is solved in this intermediate-

body region. Energy transfer by conduction, convection, and radiation is

allowed from the cartesian-region grid to the cylindrical-region grid. Energy

transfer to the environment by either of these grids is effected by natural

convection and/or radiation. The numerics incorporated in HYDRA-II are

described in detail in Volume I - Equations and Numerics (McCann 1987).

HYDRA-II does not currently provide a turbulence model to represent sub-

grid scale motion of the fluid. Therefore, the Reynolds/Rayleigh numbers rea-

lized in the simulation must be sufficiently low so that all the scales of

motion are resolved by the computational grid.

3.1 MODELING CAPABILITIES

The modeling capabilities available in HYDRA-II are summarized in

Table 3.1.

3.2 LIMITATIONS

Limitations of the HYDRA-II code include:

* no explicit turbulence model

* no mass inflow/outflow boundary conditions

* "planar" or "two-dimensional' cavity radiation heat transfer.

3.1



TABLE 3.1. HYDRA-II Modeling Capabilities

Geometry and Numerics

* fully three-dimensional

* variable grid spacing In both cartesian and cylindrical grids

* several rebalance schemes available to speed convergence of the momentum and energy solutions

* several Iterative schemes for use, alone or In combination, In obtaining solution for the fluid
pressure field

* "time" advance to steady state

* finite-difference on a cartesian grid

* modeling a closed system

* compressible, Ideal gas

* orifice- and Darcy-flow models

* user-specified, orthotropic fluid permeabilitles and subgrid scale obstructions

* user-specifled temperature-dependent viscosity

* fixed systemr-pressure or total-mass operation conditions

Fluid Solution 4

.

Thermal Solution

finite-difference on a cartesian grid and, If desired, an enveloping cylindrical grid

modeling an open system

conduction, convection, and radiation heat transfer modes; correlation for natural convection
heat transfer to the environment

user-specdfled, temperature-dependent and orthotropic conductivity

user-specified, spatially-dependent energy-source terms

several models for radiation heat transfer

0

Program and
Input/Output
Control

* variably-dimensioned arrays (required core size specified by the user through PARAMETER
statements)

* restart and post-processing dumps

* echoed Input

* user-specified convergence history monitoring



4.0 VALIDATION MODELING UNCERTAINTIES

Typical spent fuel storage casks and canisters are large and complex ther-

mohydraulic systems, and some uncertainty about how best to construct an

accurate overall model will always be present. These uncertainties lead inevi-

* tably to approximations, some of which may be difficult to quantify. Most

uncertainties may be placed within one of three broad categories:

* 1. basic information that is application-specific and measurable (e.g.,

container dimensions, heat generation rates, ambient conditions)

2. information generic to most applications (e.g., property values, cor-

relations)

3. decisions about how to achieve the best match between a particular

code and the application (e.g., computational mesh, internal

algorithms).

For the HYDRA-II validation, some of the more important factors falling

within these categories are:

* The information shown on the furnished cask or canister drawings may

not accurately reflect the as-built structure.

* Dimensional tolerances may be particularly significant when they

influence small gaps with important thermal resistances. The input

to HYDRA-II specified nominal dimensions.

* Potential eccentricities, such as the actual placement of the basket

or fuel assembly support structure within-the container cavity, are a

source of uncertainty. Other eccentricities, such as the placement

of a fuel assembly within the basket, are certain to occur and can

substantially alter some thermal and flow resistances. The input to

HYDRA-II specified no eccentricity.

* The total heat generation rate and the generation rate axial profile

of spent fuel assemblies have a direct effect on predicted cladding

temperatures. Both the total generation rate and the axial profile

can be determined experimentally, and that is the preferred approach.
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* All material property values possess a range of uncertainty, although

the range for most well-characterized materials is usually not signi-

ficant. Exceptions include the emittance of some materials, espe-

cially if the surface has been altered by some process (e.g., clad-

ding corrosion or basket structure sandblasting). Values used in the

simulations are believed to be typical. The potential consequences

of a range of values on the temperature field have not been

investigated.

* Some boundary conditions are difficult to determine. Examples

include sparse temperature data for the external cask or canister

body and means for determining the total mass or pressure of the gas

within the cask or canister.

* Some uncertainties are inherent in the use of discrete solution

methods. An example is the trade-off between mesh coarseness and

accuracy. Because the conservation equations have been formulated

within HYDRA-II in an entirely consistent fashion, any desired numer-

ical accuracy may be achieved by using a sufficiently large number of

computational cells. The practical trade-off is between accuracy and

computer time and costs. The optimum is difficult to determine a

priori.

* Another source of uncertainty results from limitations of internal

code models. Thermal radiation models are a good example. All

radiation enclosures within the cask are three-dimensional. Two-

dimensional radiation models are used extensively within HYDRA-II for

practical reasons. The errors associated with this approximation can

be reduced, but not eliminated, by careful selection of a computa-

tional mesh.
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5.0 SINGLE-ASSEMBLY EVALUATION TESTS

An important step in the evaluation of HYDRA-II was to analyze single-

assembly storage systems. Conduction, convection, and radiation heat transfer

mechanisms must be properly modeled to accurately predict the thermal perform-

ance of these systems. To demonstrate the effectiveness of the HYDRA-II models

for single-assembly spent fuel heat transfer, predictions of two unique single-

assembly spent fuel tests were compared. The first test was the Pressurized

Water Reactor (PWR) Single-Assembly Spent Fuel Heat Transfer Test. The second

test involved an electrically-heated single-assembly configuration. These

tests and the comparisons are documented in the following sections.

5.1 PWR SINGLE-ASSEMBLY SPENT FUEL HEAT TRANSFER TEST

In this test, the effect of fill media on thermal performance of an actual

PWR spent fuel assembly was examined. The test hardware and test conditions

needed for numerical simulation are described in Section 5.1.1. Section 5.1.2

explains computational models for this application. Section 5.1.3 presents

HYDRA-II predictions and comparisons to data.

5.1.1 Test Description

This section contains a brief description of the test hardware and test

conditions needed for numerical simulation. A full account of all test details

is given by Unterzuber et al. (1982). A condensed but complete summary of

details needed for simulation is contained in Bates (1986).

5.1.1.1 Hardware Description

The hardware consisted of a main test assembly with a number of auxiliary

systems and components. The main test assembly, illustrated in Figure 5.1,

consisted of 1) a test stand supporting a representative storage cell liner,

2) a seismic restraint fixture providing test stand lateral support, 3) a test

canister (representative of a storage canister), 4) a canister lid assembly

containing instrumented tubes that were inserted into the spent fuel assembly,

and 5) a PWR spent fuel assembly. Auxiliary equipment included 1) an evacua-

tion and backfill system, 2) test stand electric heater controls, 3) thermo-

couples, and 4) a data acquisition system to record thermocouple data.
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Figure 5.2 shows a vertical cross section of the test stand. The general

configuration of liner and canister is indicated, along with the position of

the fuel assembly. The fuel assembly consists of a 15x15 array of 204 fuel

rods, 20 control rod guide thimbles, and one instrumentation tube.

A horizontal cross section of the test stand is shown in Figure 5.3. The

positions of thermocouple tubes are indicated. These tubes hang from the can-

ister lid and slide into control rod guide thimbles and the center instrumenta-

tion tube. Each thermocouple tube contains seven axially spaced thermocouples.

Geometrical information for the fuel assembly and canister is given in

Table 5.1.

5.1.1.2 Test Conditions

The test operating conditions used to construct the input file for the

HYDRA-II code are given in Table 5.2. The test conditions include decay heat

generation, type of fill gas, fill gas pressure, and canister temperature.

The canister surface temperature at a given elevation shown in Table 5.2

represents, in general, the average reading of several thermocouples located

around the circumference of the canister at that elevation. The axial distri-

bution of decay heat was obtained by interpreting data given in Davis (1980).

The relative axial activity is plotted in Figure 5.4.

5.1.2 Computational Model Description

The computational mesh and material properties contained on the input file

are described in this section. The complete HYDRA-II input file for the helium

backfill case is provided in Appendix A.

5.1.2:1 Computational Mesh

The horizontal cross section presented in Figure 5.3 shows the fuel assem-

bly inside a circular canister. The symmetrical location of unheated guide

thimbles within the fuel assembly and the centered position of the fuel assem-

bly within the canister allow the use of a one-quarter symmetry model.

Figure 565 shows the computational mesh employed for the simulations.

Figure 5.6 indicates the alignment of the computational mesh with the fuel

assembly and canister inside surface. Each rod is contained within a single
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Source: Unterzuber et al. (1982)

square cell except along the boundaries representing planes of symmetry. The

boundary cells contain half of a rod. The central boundary cell contains one

quarter of the instrumentation tube.

A vertical cross section of the canister appeared in Figure 5.2. A cor-

responding cross section of the computational mesh is shown in Figure 5.7 for

the simulations. Figure 5.8 indicates the location of the fuel assembly rela-

tive to the canister inside surface.

5.1.2.2 Material Properties

Material properties for the PWR spent fuel assembly were obtained from

Touloukian and Ho (1970). Table 5.3 lists the material properties used for all

simulations. Effective thermal conductivities were estimated for those
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TABLE 5.1. Geometrical Parameters for

Fuel Assembly

Number of rods

Fuel rods

Control rod guide thimbles

Instrumentation tube

Rod diameter

Control rod guide thimble and
instrumentation tube diameters

Cladding thickness

Fuel pellet diameter

Pitch-to-diameter ratio

Active fuel length
(includes swelling)

Canister

Inside diameter

Outside diameter

Outside length

Fuel Assembly/Canister

225 (15x15 array)

204

20

1

1.072 cm

1.387 cm

0.062 cm

0.948 cm

1.334

367.0 cm

33.7 cm

35.6 cm

436.6 cm

TABLE 5.2.

Test Medium

Air

Vacuum (low-
pressure air)

Test Operating Conditions

Decay Heat
Generation Rate

1.17 kW

1.16 kW

Pressure

1.0 atm

0.2 atm

1.07 atmHelium 1.16 kW

Canister Temperature Profiles

Top of Canister, cm

41.9

129.5

217.2

304.8

392.4

435.9

Average Measured Temperature, 0C
Air Vacuum Helium

138.8 114.7 116.5

159.5 149.8 150.0

160.8 158.9 159.7

156.1 157.8 157.5

127.8 127.8 128.8

88.8 90.5 91.3
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FIGURE 5.6. Physical Features Modeled in Horizontal Cross Section

computational cells containing more than one material. For the simulation

denoted as low-pressure (0.2-atm) air, the mean free path is less than any

significant length. The properties used for the low-pressure simulation are,

therefore, those of air.

The emittance of the canister surface and support structure was specified

as 0.3 for the simulations. Data given in Peterson (1975) and in EG&G (1980)

suggest that rod emittances may vary over a considerable range of values. For

very clean, nonoxidized rods, the emittance may be below 0.3. For oxidized

rods described as having considerable surface crud, the emittance may be above

0.9. Visual examinations of spent fuel assemblies reported in Davis (1980)

identified the presence of crud that varied somewhat with axial position. The

fuel assembly used in the test was from the same reactor as the assemblies

examined by Davis. As a result of this review, a rod emittance of 0.8 was

used.
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FIGURE 5.8. Fuel Assembly Position
Relative to Canister Inside Surface -
Vertical Cross Section
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TABLE 5.3. Single-Assembly Spent Fuel Test Material Properties

Thermal conductivity, W/cm2 oK

Stainless steel

Air

Helium

Specific heat, W sec/gOK

Air

Helium

Viscosity, g/cm sec

Air

Helium

Emittance

Fuel cladding

Stainless steel

0.09215+(0.1465E-3)T

0.688E-4+(0.634E-6)T

0.52E-3+(0.32E-5)T

1.0

5.234

0.608E-4+(0.400E-6)T

0.700E-4+(0.400E-6)T

0.8

0.3

5.1.3 Predictions Compared to Data

Predictions of computed temperatures are compared to experimentally meas-

ured test data in this section. Three backfill environments were considered in

these simulations:

* air at 1.0 atm

* vacuum (low-pressure air) at 0.2 atm

* helium at 1.07 atm.

Predicted and measured temperatures for the canister with an air backfill

are shown in Figure 5.9. The comparison is favorable in the central range of

axial elevations; however, there is a growing discrepancy toward the ends of

the assembly. The underprediction of temperature near the bottom of the

assembly and overprediction near the top suggest too much convection. The

predicted maximum cladding temperature is 2660C. The corresponding measured

value for this case is 2550C.

The natural convection flow field within the canister is driven by buoy-

ancy forces resulting from temperature-dependent density variations in the

fluid. As the fluid is heated within the fuel assembly, the fluid density
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decreases and the fluid rises toward the top of the fuel assembly. The heated

fluid exits the fuel assembly at or near the top of the fuel assembly. The

fluid flows outward and transfers heat to the cooler canister wall. This

causes the fluid density to increase. The denser fluid flows downward in the

open region between the fuel assembly and the canister wall. Near the bottom

of the canister, the fluid flows back into the fuel assembly to complete the

recirculation pattern. The horizontal flow component into the fuel assembly is

at maximum near the bottom of the fuel assembly. On a relative basis, the hor-

izontal flows into or out of the fuel assembly are significant only over the

bottom or top 20% of the fuel assembly. Superimposed on this overall recircu-

lating flow is some predicted small-scale recirculation, particularly near the

top of the canister. This secondary recirculation is much less apparent for

the low-pressure air and helium simulations.

The predicted velocities in the free field are high enough to indicate

that turbulence is present in the air test. An effective thermal conductivity

may be computed based on an estimated Rayleigh number for the free field. The

effective conductivity may be an order of magnitude larger than the molecular

conductivity. If a turbulent Prandtl number analogy exists, then a turbulent

viscosity value may also be an order of magnitude greater than the molecular

viscosity. HYDRA-II does not currently incorporate a turbulence model. There-

fore, the effective conductivity and viscosity were intentionally adjusted for

this simulation (this would be done automatically by some turbulence models).

The results for this simulation are shown in Figure 5.10. The predicted max-

imum cladding temperature is 2580C, and, again, the measured value is 255*C.

The maximum vertical mass flux in the free field is approximately 17.7 x 10-3
2g/cm -sec (velocity of 23 cm/sec). The maximum upward mass flux within the

fuel assembly is approximately 27.1 x 10-4 g/cm2-sec.

Figure 5.11 shows the comparison between predictions and data for the low-

pressure air backfill test. The axial profiles are in excellent agreement with

the data over the full length of the assembly. The maximum centerline tempera-

ture predicted by HYDRA-II (2670C) is very close to the experimentally measured

maximum centerline temperature of 2660C. The maximum vertical mass flux in the
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free field between the fuel assembly and canister is approximately 9.4 x 10-3

g/cm2 _sec (velocity of 59 cm/sec). The maximum vertical mass flux within the

assembly is approximately 1.3 x 10-4 g/cm2 _sec.

The results for the helium case are shown in Figure 5.12. The maximum

centerline temperature predicted by HYDRA-II (2260C) is equal to the experi-

mentally measured temperature. As can be seen in Figure 5.12, the comparison

between predicted and measured temperatures at other locations is also very

good. Maximum upward mass flux in the open region between the fuel assembly

and the canister wall is predicted to be about 4.1 x 10 3 g/cm2-sec (velocity

of 32 cm/sec). Maximum upward mass flux within the fuel assembly is predicted

to be about 0.5 x 10-4 g/cm2-sec. These relatively small velocities suggest

that, in this case, convection provides only a minor heat transfer component

when helium is the backfill medium.

The difference between peak cladding temperature and the canister tempera-

ture is significantly lower for this helium test compared to the air tests.

The lower temperatures are primarily the result of conduction by helium. The

major benefit that helium offers to heat transfer is its relatively high

thermal conductivity (roughly five times greater than air in the temperature

range of interest). The observation that helium conduction is more important

than convection applies only to this single-assembly test and will not neces-

sarily be valid for other fuel assembly/canister configurations.

5.2 ELECTRICALLY-HEATED SINGLE-ASSEMBLY SIMULATIONS

The single-assembly heat transfer tests discussed in this section were

performed as part of the DOE Commercial Spent Fuel Management Program. The

tests were executed at the Pacific Northwest Laboratory using hardware designed

and assembled by Allied General Nuclear Services at the Barnwell Nuclear Fuel

Plant in Barnwell, South Carolina.

The primary objective of these tests was to provide experimental data for

a variety of controlled conditions that would be characteristic of dry storage

of spent light water reactor fuel. This data could then form a partial basis

on which to evaluate the predictive capability of hydrothermal computer codes

used to simulate spent fuel dry storage systems.
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The test hardware and test conditions needed for numerical simulation are

described in Section 5.2.1. Section 5.2.2 contains computational models for

this application. Section 5.2.3 presents HYDRA-II predictions and comparisons

to data.

HYDRA pre-look and post-test predictions were previously performed for

most of the test matrix described in Section 5.2.1. The results of these

simulations are reported in detail in McCann (1986). Only the 1-kW, air-

backfill simulation results will be discussed here. These cases are sufficient

to illustrate the capabilities of HYDRA-11 for predicting the unique aspects of

these test conditions.

5.2.1 Test Description

This section contains a brief description of the test hardware and test

conditions needed for numerical simulation. A full account of all test details

is available in Bates (1986).

5.2.1.1 Hardware Description

The hardware consisted of the test assembly with a number of auxiliary

systems and components. The test assembly comprised 1) a pressure/vacuum

vessel (cask), 2) a transition piece and fuel tube, and 3) an electrically-

heated model spent fuel assembly. Auxiliary equipment included 1) an evacua-

tion and backfill system, 2) test assembly electric heater power supplies, con-

trols, and transducers, 3) thermocouples, and 4) a data acquisition system.

Figure 5.13 shows an external view of the test assembly mounted on its

skid. Electrical resistance heaters were spirally wound along the length of

the cask. The heaters were connected to a temperature feedback controller and

used to maintain a specified cask interior wall temperature (approximately

1780C) independent of the model fuel assembly power. An insulating blanket was

placed over the cask body and guard heaters to minimize heat losses.

Figures 5.14 and 5.15 illustrate cross sections of the cask across its

diameter and along its length, respectively. The transverse cross section of

the cask illustrated in Figure 5.14 shows the double-wall construction, the

location of thermocouples on the cask inside diameter, and the fuel tube loca-

tion. The annulus bounded by the inner and outer cask walls was filled with
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FIGURE 5.13. Test Assembly Mounted on Skid

air and sealed. The temperatures of the inside cask wall were used as boundary

conditions for all simulations. These temperatures were estimated from thermo-

couples located near the inside cask wall. Four thermocouples were placed at

each axial level. The five axial levels were approximately 1 m apart.

The fuel tube shown in Figures 5.14 and 5.15 is constructed in the form of

a long box with a square cross section and open ends. The sides of the fuel

tube are fabricated from Boral with stainless steel cladding. The fuel tube

(and model fuel assembly) is intended to be concentrically located within the

cask cavity. Post-test disassembly and inspection revealed that the upper end

of the fuel tube/rod assembly centerline was offset from 1.25 to 2 cm. In

addition, it was found that the composite fuel tube had delaminated and the

inner stainless steel cladding pressed against the rod assembly in places.

Figure 5.16 shows a cross section of the electrically-heated model fuel

assembly. It was designed and built to be physically and thermally character-

istic of a typical 15x15 commercial light water reactor PWR fuel assembly. Of

the total of 225 rods, 214 are electrically heated; the remaining 11 are

unheated stainless steel rods.
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FIGURE 5.14. Electrically-Heated Cask Transverse Cross Section

The heater rods have a 366-cm heated length containing a single spirally

wound nichrome wire insulated from the cladding by magnesium oxide powder. The

power generation was assumed to be uniform along the length. Several of the

heater rods were disconnected as indicated in Figure 5.16 to mirror failed and

unheated stainless steel rods and, by this means, to provide half symmetric

power generation.

The square cross section of the assembly was maintained by a series of

spacer grids positioned along the length of the assembly (see Figure 5.15).

Four of the spacer grids were fabricated as an array of 222.2 x 25.4 x 3.2-mm

(8.75 x 1.0 x 0.125-in.) stainless steel flat bars. The remaining four spacer

grids were of the more conventional "egg-crate" design used on PWR assemblies.

The use of the spacer grids made from flat bars resulted in a variable rod
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pitch. The rod assembly was instrumented with 57 thermocouples, although not

all were functional. These thermocouples were apportioned over seven different

axial planes. Some of the thermocouples were clipped to a rod surface. Others

were attached to a stainless steel pad that was designed to be wedged between

two neighboring rods. Post-test inspection revealed that some of the pads were

loosely positioned near their original location.

The fuel tube was also instrumented with thermocouples at axial positions

corresponding to those in the rod assembly. The thermocouples were welded to

pads that were, in turn, welded to the outside surface of the fuel tube.

5.2.1.2 Test Conditions

Three independent primary parameters were selected to form a test matrix:

* cask orientation

--horizontal

--250 inclination from horizontal

-- vertical

* cask backfill medium

-- air at atmospheric pressure

-- air at approximately 0.1 atmosphere

-- helium at slightly above atmospheric pressure

* assembly power

-- 0.5 kW

-- 1.0 kW.

The resultant test matrix is shown in Table 5.4.

The test matrix was devised to exercise a range of code modeling capabili-

ties appropriate to dry storage casks. Thus, the three cask orientations

require a corresponding specification of the gravitational vector within the

code, which directly affects the gas flow field. The three different backfill

media promote a different relative contribution from conduction, convection,

and thermal radiation heat transfer mechanisms. The heat generation level

employed reflects typical 5- and 10-year-old PWR fuel.
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TABLE 5.4. Electrically-Heated Single-Assembly Test Matrix

Run Number

1

2

2 repeat #1

2 repeat #2

2 repeat #3

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

Cask
Orientation

Inclined

Inclined

Inclined

Inclined

Inclined

Inclined

Inclined

Inclined

Inclined

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Horizontal

Vertical

Vertical

Vertical

Vertical

Vertical

Vertical

Vertical

Horizontal

Vertical

Horizontal

Guard
Heater
Control
Temp,
1C7

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

178

Off

Off

On

Nomi nal
Power,
kW

1.0

1.0

1.0

1.0

1.0

1.0

0.5

0.5

0.5

0.5

0.5

0.5

1.0

1.0

1.0

1.0

1.0

1.0

0.5

0.5

0.5

1.0

0.5

0.5

0.0

Actual
Power,
kW

0.951

0.940

0.956

0.960

0.944

0.956

0.501

0.484

0.477

0.487

0.486

0.500

0.964

0.949

0.943

0.994

0.977

0.995

0.501

0.496

0.515

0.981

0.497

0.515

0.0

Backfill

Air

Vacuum

Vacuum

Vacuum

Vacuum

Helium

Helium

Vacuum

Air

Ai r

Vacuum

Hel iuum

Helium

Vacuum

Air

Ai r

Vacuum

Helium

Helium

Vacuum

Air

Vacuum

Ai r

Ai r

Helium

Pressure,
mm Hg abs

744.0

83.3

88.9

85.3

84.1

789.4

789.9

82.6

746.8

749.8

87.6

795.5

787.4

87.1

743.2

746.3

79.2

787.4

785.6

81.3

749.8

29.2

750.3

747.3

787.9

Test
Date

08/09/84

08/10/84

08/24/84

09/14/84

10/19/84

08/22/84

08/20/84

08/16/84

08/15/84

09/04/84

09/05/84

09/07/84

08/30/84

08/28/84

08/27/84

09/21/84

09/25/84

09/28/84

10/01/84

10/03/84

10/05/84

09/26/84

09/12/84

10/09/84

10/23/84
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The inside surface temperature of the cask cavity served as a boundary

condition for all simulations. The temperature at one point on the surface was

held constant by adjusting power to the external guard heaters. Temperatures

at other positions did vary, depending on the particular parameters of a given

test. A list of temperatures and their respective locations for each run may

be obtained from Bates (1986).

5.2.2 Computational Model Description

The computational mesh and material properties contained on the input file

are described in this section. The complete HYDRA-II input file for the air

backfill, inclined orientation, 1-kW case is provided in Appendix B.

5.2.2.1 Computational Mesh

Transverse cross sections of the cask and rod assembly were illustrated

previously in Figures 5.14 and 5.16, respectively. These figures show the rod

assembly within the square fuel tube, both of which are symmetrically posi-

tioned within the circular cask. The half-symmetrical heat generation allows

the use of a half symmetry model regardless of cask orientation.

Figure 5.17 shows the transverse computational mesh employed for all

simulations. The straight-line segments approximating the cask inside diameter

were introduced to reduce computer storage without significantly affecting

predicted rod assembly or fuel tube temperatures. Figure 5.18 indicates the

alignment of the computational mesh with the rod assembly, fuel tube, and cask

inside surface.

A longitudinal cross section of the cask was shown in Figure 5.15. A cor-

responding cross section of the computational mesh is shown in Figure 5.19.

Figure 5.20 indicates the location of the rod assembly, fuel tube, and cask

inside surface relative to the computational mesh.

5.2.2.2 Material Properties

Material properties were obtained from Touloukian and Ho (1970).

Table 5.5 lists the material properties used for all simulations. Effective

thermal conductivities were estimated for those computational cells containing

more than one material.
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FIGURE 5.17. Transverse Computational Mesh for Simulating
Electrically-Heated Cask Tests
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FIGURE 5.20. Physical Features
Modeled in Longitudinal Cross
Section

i

5.29



TABLE 5.5. Electrically-Heated Single-Assembly Test Material Properties

Thermal conductivity, W/cm2oK

Stainless steel

Boral

Magnesium oxide

Air

Specific heat, W sec/gOK

Air

Viscosity, g/cm sec

Air

Emittance

Rods

Fuel tube

Cask inside surface

0.09215+(0.1465E-3)T

0.677-(0.667E-3)T

0.16

0.688E-4+(0.634E-6)T

1.0

0.608E-4+(0.400E-6)T

0.6

0.2

0.6

The range of uncertainty for most of the property values used is not con-

sidered significant. The exceptions are the thermal conductivity of magnesium

oxide and the emittances. The thermal conductivity of the magnesium oxide

insulation used in the heater rods depends on its initial compacted state and

its subsequent thermal history. It is believed that the rods (and the cask)

had repeatedly been at relatively high temperatures before the start of this

series of tests. For this reason, the thermal conductivity of magnesium oxide

was selected toward the high end of potential values that span a range of over

an order of magnitude.

The emittance of the fuel tube is probably reliable because a similar but

slightly less oxidized specimen had been measured previously by Taylor (1983).

The emittance of 0.2 falls within the measured range. An emittance of 0.6 was

selected for both the stainless steel rod cladding and cask inside surface

because of their repeated exposure to relatively high temperatures.

5.2.3 Predictions Compared to Data

Figure 5.21 illustrates the results obtained from the HYDRA pre-look simu-

lations of McCann (1986). These results indicate the comparison between
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FIGURE 5.21. Summary of Predictions Compared to Data Showing
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predictions and data for virtually the entire spectrum of cases listed in the

test matrix of Table 5.4. Figure 5.21 shows the comparison between predictions

and data by means of 1) the temperature difference between the center rod and

fuel tube and 2) the temperature difference between the fuel tube and cask.

For example, the first simulation shown in Figure 5.21 is for a vertical ori-

entation, 1-kW power generation rate, and air backfill. The temperature dif-

ference of approximately +80C for center rod to fuel tube means that the

predicted temperature difference is 80C higher than what was measured. Simi-

larly, the temperature difference of +100C for fuel tube to cask means that the

code prediction is 100C greater than the measured temperature difference.
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Predictions of temperatures are compared to experimentally measured 1-kW,

air-backfill test data in this section. As indicated in Figure 5.21, these

represent the worst cases of deviation between computed and measured results.

All predictions were generated initially without access to the experimental

results (except cask internal gas pressure, heat generation rate, and tempera-

ture boundary conditions), to ensure an unbiased evaluation of the HYDRA-II

code. An additional simulation demonstrates the important benefits that turbu-

lence modeling may provide.

All simulations were conducted with the same version of HYDRA-II, and all

input files were identical except for the unique parameters of each test. The

input files were prepared according to the best available information from cask

drawings and private communications. After all tests were concluded, the cask

was disassembled and inspected. It was found that the as-tested cask did not

conform in all respects to the pretest information. The cask description given

in Section 5.2.1.1 reflects the as-tested cask. The code input files, however,

were based on pretest information. A discussion of the possible consequences

of this mismatch is included in Section 5.2.3.2.

5.2.3.1 Predictions Compared to Data

Comparison between predictions and data can be made in the same manner as

was done for Figure 5.21. For the vertical orientation case, a temperature

difference of approximately +80C resulted between the center rod and fuel tube.

The computed fuel tube-to-cask temperature difference was +100C. For the

inclined and horizontal orientation cases, the fuel tube-to-cask temperature

differences were +100C and +80C, respectively. These temperature differences

are derived from average temperatures at the elevation nearest to the peak rod

temperature where experimental data exists.

The fuel tube represents a barrier to both convective and radiative energy

transport. Furthermore, the energy transport within the fuel tube (i.e.,

within the rod assembly) is characterized and modeled differently than is the

transport external to the fuel tube (i.e., a free field). The temperature dif-

ferences for these two regions might therefore be used as an indicator of the

correctness of the separate models and heat transfer modes.
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The results of the simulations are presented according to cask orienta-

tion. The results for the vertical orientation are presented first, followed

by the inclined and then the horizontal orientation. Four axial temperature

profiles are shown for each simulation: center rod, corner rod, fuel tube, and

cask inside surface. These transverse locations were selected because of their

significance to cask designers, because they provide a good measure of the

code's predictive capability, and because they have the largest amount of

experimental data. The legend on each figure shows the precise locations.

5.2.3.1.1 Vertical Orientation Results. Figure 5.22 shows the results

for the vertical orientation case. These results display the largest discre-

pancy between predictions and data of all the simulations. One of the most

striking aspects of the profiles is the shift in peak temperatures to nearly

the top of the heated length. This shift does not reflect the heat generation

rate, which is believed to be nearly uniform over the length of the rod assem-

bly. The general shape of the profiles indicates that strong convection cur-

rents were present. Moreover, the predicted velocities are high enough so that

appreciable turbulence is expected. The agreement between predictions and data

will be shown to be greatly improved by the use of an appropriate turbulence

model.

5.2.3.1.2 Inclined Orientation Results. Figure 5.23 shows the inclined

orientation case results. These results are much improved over the vertical

orientation simulation. The influence of axial convection is still apparent

but much reduced. This is as it should be because the axial component of

gravity has been reduced from 1.0 to approximately 0.4 (sin 250).

It is interesting that the measured data indicates little change in the

magnitude of peak temperatures for fuel tube and rod assembly as the inclina-

tion changed from vertical to 250 from horizontal. Some shift in axial loca-

tion does, however, occur.

5.2.3.1.3 Horizontal Orientation Results. Figure 5.24 shows the results

for the horizontal orientation case. These results demonstrate a consistent

trend in passing from the vertical orientation to inclined and finally to the

horizontal. The effects of axial convection, so marked in the vertical ori-

entation, are no longer apparent, although axial convection is still present.
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The temperature difference between the center rod and the fuel tube has

remained nearly constant. Further, the temperature difference in the free

field between the fuel tube and cask has continued to drop with the increasing

gravitational component in the transverse direction.

5.2.3.1.4 Results Summary. The comparison between predictions and meas-

ured data was favorable for most of the simulations. An exception is the simu-

lation for the vertical orientation case. It has been suggested that

significant turbulence was present in this test. This matter and other factors

influencing the results will be taken up in Section 5.2.3.2.

5.2.3.2 Additional Predictions Compared to Data

The input files for the simulations were constructed based on the best

available information before the-conclusion of the tests. After the tests were

concluded, the cask was disassembled and inspected. Thermocouple locations and

their method of attachment were verified. Important dimensions were measured.

Some of the materials used in the rod assembly were confirmed, and the general

condition of the cask interior was noted. The as-tested cask was found to not

conform entirely to pretest information in some respects. The more significant

findings are summarized below.

The fuel tube and rod assembly were intended to be centered within the

cask and held in that position at both ends. It was found that the upper end

had not been securely supported, resulting in an offset from the centerline

estimated to be from 1 to 2 cm when in the horizontal position. The offset

when the cask was in the vertical position is unknown. The input specified

that both the fuel tube and rod assembly were centered.

The fuel tube walls were constructed as a sandwich with a Boral interior

and two stainless steel sheets as cladding. It was observed that the fuel tube

had delaminated and that the inside cladding appeared to press against the rod

assembly in places. The time at which this structural change occurred within

the test series is unknown. The input specified a bonded sandwich construction

and a uniform gap between fuel tube and rod assembly.

Two types of spacer grids are used in the rod assembly. One type is

similar to the conventional design used in PWR fuel assemblies; the other was
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fabricated from flat bars. The use of flat bars results in a rod pitch that

varies in both the transverse and axial directions. The rod pitch influences

conduction, convection, and thermal radiation transfer within the rod assembly

in a complex fashion. The net effect on predicted temperatures is different

for each cask simulation. The input to HYDRA-II specified a single nominal

pitch.

The uncertainty in some thermophysical properties was mentioned previously

in Section 5.2.2.2. The thermal conductivity of the magnesium oxide used in

the heater rods has a potential range of over an order of magnitude. The emit-

tances of the rods in the model fuel assembly and the cask inside surface were

also not measured and thus are uncertain.

The physical locations of temperature data furnished as a boundary condi-

tion for the cask inside surface were rather sparse. The data planes were

spaced approximately 1 m apart, and temperature differences exceeding 80'C were

common near the ends of the cask. Temperature boundary conditions are required

for the solution of the internal temperature field and have a direct impact on

the internal temperatures. Temperature boundary conditions were estimated

where measured data was not available.

Finally, measured temperatures at some nominally symmetric locations dif-

fered by 80C or more. A comparison between predictions and data was summarized

for all simulations in Section 5.2.3.1. This asymmetry in data is comparable

to the temperature differences between predictions and data for all simulations

as discussed in Section 5.2.3.1.

Considering all of the above factors, the agreement between the HYDRA-II

predictions and the measured data is good. There appears to be no need to

modify the algorithms or models currently in HYDRA-II. The agreement between

predictions and data could, however, be improved by adjusting some property

values used in the input.

Figure 5.25 shows the comparison between additional predictions and data

for the vertical orientation, air backfill simulation. The superior agreement

was achieved by incorporating a turbulent-transport mechanism in the upper half
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of the cask where velocities are greatest. The benefits of an appropriate tur-

bulence model can be appreciated by comparing the results shown in Figure 5.25

with their counterparts shown in Figure 5.22.
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6.0 MULTIASSEMBLY EVALUATION TESTS

HYDRA-II was also validated against multiassembly storage systems. As
with the single-assembly validation cases considered in Chapter 5.0, conduc-
tion, convection, and radiation heat transfer mechanisms must be properly
modeled to accurately predict the thermal performance of these systems. Two
multiassembly storage systems will be considered for this purpose--the
CASTOR-1C and CASTOR-V/21 spent fuel storage casks. Section 6.1 presents a
comparison of the HYDRA-II predictions with data obtained experimentally for
the CASTOR-1C configuration. A similar comparison for the CASTOR-V/21 config-
uration is presented in Section 6.2.

6.1 CASTOR-1C SPENT FUEL STORAGE CASK

The Gesellschaft fur Nuklear Services (GNS) CASTOR-1C cask (GNS 1983,
1985a) is designed to safely store 16 BWR spent fuel assemblies for extended
time periods while dissipating their decay heat. A cutaway drawing of the
CASTOR-1C cask is shown in Figure 6.1. The cask consists of a thick-walled
nodular cast-iron body, which is cast in one piece. The body physically pro-
tects the fuel assemblies and provides radiation shielding. The central cavity
of the cask contains a stainless steel basket that separates and supports the
spent fuel assemblies. The top of the cask is sealed using a multiple-lid sys-
tem. The overall cask dimensions and design specifications are summarized in
Table 6.1. The major cask components are described in Section 6.1.1. The
HYDRA-II model is described in Section 6.1.2. A series of tests and numerical
simulations was performed for the CASTOR-1C cask. The effects of variations in
backfill gas, backfill gas pressure, decay heat generation rate, and cask ori-
entation were simulated. The complete computational and experimental results
are provided in Rector et al. (1986). Only the case of the helium-filled, ver-
tically-oriented cask (for which there is test data) is presented here. The
comparison of computation with experiment for this case is presented in
Section 6.1.3.
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TABLE 6.1. CASTOR-1C Cask Dimensions and DesignSpecifications

Cask overall length

Cross section

Cask cavity width

Cavity length

Side wall thickness without fins

Lid thicknesses

Primary lid

Secondary lid (including moderator)

Protection plate

Bottom thickness

Moderator dimensions

Number of'polyethyle'ne moderator rods

Rod diameter

Thickness, secondary lid

Thickness, bottom

Number of cooling fins

Cask fuel assembly capacity

Cask atmosphere

Cavity pressure

Weight

Empty cask

Loaded cask

551 cm (18 ft)

173 cm (5.7 ft)

66.6 cm (2.2 ft)

456 cm (15 ft)

44 cm (17 in.)

34 cm (13 in.)

13 cm (5 in.)

8 cm (3 in.)

44.7 cm (18 in.)

80

6 cm (2.4 in.)

6 cm (2.4 in.)

4.2 cm (1.7 in.)

48

16.

helium

0.8 bar (11.76 psia)

76.6 ton

81.1 ton

6.1.1 Test Description

This section contains a brief description'of the test hardware and condi-

tions needed for numerical simulation. More detailed documentation is

available in Rector et al. (1986).

6.1.1.1 Body

A cross section of the CASTOR-IC cask is shown in Figure 6.2. The nodular

cast-iron body has an overall length of 5510 mm (18 ft) and a maximum outside

diameter of 1730 mm (5.7 ft). The side ywall thickness (without fins) is

approximately 440 mm (17.3 in.). Gamma-ray and neutron radiation are shielded
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FIGURE 6.2. CASTOR-1C Cask Cross Section

by the cast-iron wall of the cask. For improved neutron shielding through the

side, two concentric rows of axial holes in the cask body wall are filled with

polyethylene rods (moderator material). The rods are 60 mm (2.4 in.) in diam-

eter and extend axially from the bottom of the cask to above the top elevation

of the fuel assemblies. The maximum dose rate (gamma-ray and neutron) on the

cask surface is designed to be 200 mrem/hr or less. The maximum design value

for the average surface dose rate is 20 mrem/hr.

The outside surface of the cask varies as a function of axial level. Near

the top and bottom of the cask, the surface is a cylinder 1905 mm (6.25 ft) in
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diameter, with four flat surfaces machined so the minimum flat-to-flat distance

is 1730 mm (5.7 ft). In the axial region of the fuel assemblies, a set of

48 axial cooling fins is provided to enhance the removal of heat by natural

convection. A cross section of the CASTOR-1C cask illustrating the cooling fin

geometry is shown in Figure 6.3. The fins are 120 mm (4.7 in.) long and 50 mm

(1.97 in.) wide at the base, and are spaced approximately 112 mm (4.4 in.)

apart. The outside of the cask is protected by an epoxy resin coating in the

fin area. The fins are also covered with a high-emissivity paint to aid in

transferring heat from the cask surface. The remainder of the cask surface is

covered with a corrosion-resistant nickel coating.

The thickness of material from the bottom of the inner cavity to the exte-

rior bottom of the cask is approximately 450 mm (17.7 in.). The major portion

of this is cast iron. However, some of the cast iron is machined from the

bottom of the cask and is replaced by concentric rings of polyethylene that

serve as neutron shields. A semi-permanent steel cover plate is secured over

the rings to hold them in place.

i '\

( I

FIGURE 6.3. Cooling Fin Geometry
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6.1.1.2 Cavity and Basket

The cask inner cavity is square, 666 mm (26.2 in.) wide, and 4560 mm

(15 ft) long. The bottom of the cavity is sloped slightly to enhance draining

of fluid. The inside of the cask, including the sealing surfaces, has a nickel

coating for corrosion protection. A support plate is placed on the bottom of

the cavity to provide a level support for the basket and fuel assemblies.

The basket is of welded construction and is made of borated stainless

steel to reduce the possibility of criticality. The basket divides the cavity

into 16 regions, each designed to contain a single BWR spent fuel assembly. A

cross section of the fuel basket is visible in Figure 6.2. The stainless steel

plates used to construct the basket are 10 mm (0.4 in.) thick, and the overall

basket width is 640 mm (25 in.). This leaves a gap between the basket and

cavity wall of approximately 13 mm (0.5 in.) on all sides. The basket is

designed to allow the top and bottom portions of the cavity to be open. This

allows gas flow between adjacent assembly tubes and natural circulation inside

the cavity. The basket also serves as a path for conduction heat transfer from

the center assemblies to the cask body.

During normal operation the cask is filled with helium. The use of this

inert gas inhibits corrosion and results in a higher peak cladding temperature

limit. In addition, helium *has a high conductivity, which enhances heat trans-

fer in the cavity. The primary disadvantage is that an extensive sealing sys-

tem is required to contain the gas. The cavity pressure during normal cask

operation is 0.8 bar (11.76 psia).

6.1.1.3 Lid System

The CASTOR-1C cask is sealed with a multiple-lid system consisting of a

primary lid, a secondary lid, and a protection plate. The three lids are shown

in Figure 6.1. The primary cover, constructed of stainless steel, has an

outside diameter of 1200 mm (3.9 ft) and an overall thickness of about 340 mm

(13.4 in.). The secondary cover is made primarily of stainless steel and has a

1415-mm (4.6-ft) diameter and a 130-mm (5.1-in.) thickness. Some of the stain-

less steel in the secondary cover is replaced with concentric polyethylene

rings that act as neutron shields. The protective plate is made of carbon
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steel and provides general mechanical protection against outside forces as well

as dust and humidity. Each lid is bolted directly to the cask body. A com-

bination of multiple elastomeric and metallic seals for each cover guarantees a

high level of leak-tightness. The maximum leak rate is designed to be

10-7 t/s.

6.1.1.4 Spent Fuel Assemblies and Decay Heat

The 16 spent fuel assemblies used in the Wurgassen CASTOR-1C cask test

were GE 7x7 and 8x8 assembly types. The design characteristics of these two

assembly types are listed in Table 6.2. Each fuel assembly contained fuel rods

TABLE 6.2. Characteristics of Typical General Electric BWR Fuel Assemblies

Assembly length

Fuel rods

Number

Length

Active length
Outside diameter
Wall thickness
Pitch
Material

7x7 Assembly

4354 mm (171.40 in.)

8x8 Assembly

4354 mm (171.40 in.)

49 63

3964 mm (156 in.)

3683 mm (145 in.)
14.3 mm (0.563 in.)
0.89 mm (0.035 in.)
18.7 mm (0.738 in.)
Zircaloy-2

3964 mm (156 in.)

3733 mm (147 in.)
12.5 mm (0.493 in.)
0.86 mm (0.034 in.)
16.3 mm (0.640 in.)
Zircaloy-2

Tie rods - fueled

Number
Outside diameter
Wall thickness
Material

Spacer capture rods

Number
Outside diameter
Material

Spacers

Number
Material
Springs

Tie plate material

8
14.3 mm (0.563
0.89 mm (0.035
Zircaloy-2

in.)
in.)

1
14.3 mm (0.563 in.)
Zi rcal oy-2

7
Zi rcal oy-4
Inconel-X

304 stainless steel

8
12.5 mm (0.493 in.)
0.86 mm (0.034 in.)
Zircaloy-2

1
12.5 mm (0.493 in.)
Zircaloy-2

7
Zircaloy-4
Inconel-X

304 stainless steel
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(and one center water rod in the 8x8 assembly only), spaced and supported in a

square array by the lower and upper tie plates. A typical GE 8x8 fuel assembly

is shown in Figure 6.4. Besides the standard fuel rods, two other rod types

are used in the fuel assembly: tie rods and a nonfuel water rod. The eight

tie rods in each assembly have lower end plugs that thread into the lower tie

plate casting and upper end plugs extending through the upper tie plate cast-

ing. These tie rods support the weight of the assembly only during fuel han-

dling when the assembly hangs by the handle; during operation, the fuel rods

are supported by the lower tie plate.

The ORIGEN2 code (Croff 1980a, 1980b) was used to predict decay heat gen-

eration rates of the 16 Wurgassen BWR spent fuel assemblies used in the

CASTOR-1C cask performance test. Decay heat rates for the assemblies were

determined from end-of-cycle burnup values and from the reactor operating his-

tory (Rector et al. 1986). The predicted assembly decay heat generation rates

Typical Fuel Rod
IiMM f I :.

- f2:!��� 0

- Active Fuel Length

I
i'~~~I I Ils)oo~ i,-_

~~~I'
I . ---.-.

Channel
Upper Tie Plate

Spacer,
Typical
of Seven

Lower
Tie Plate
CastingSpacer Detail

sm I

MM
r

*�miw
I

IW - Spacer Positioning/Water Rod
OT - Tie Rod
.

i

FIGURE 6.4. Typical General Electric 8x8 Fuel Assembly
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for three dates are shown in Table 6.3 for each of the 16 Wurgassen BWR

assemblies. The average predicted assembly decay heat rates were 837 W, 452 W,

and 369 W, for the three dates, corresponding to cooling times of 434, 887, and

1100 days, respectively. At 434 days cooling time, the standard deviation of

the predicted decay heat rate is *6.0%, which reduces to t4.4% for the longest

TABLE 6.3. Predicted Wurgassen BWR Assembly Decay Heat Rates

Asse b y

B476

B471

B472

B476

B486

B489

B490

B493

BZ701

BZ703

BZ704

BZ706

BZ707

BZ708

BZ709

BZ710

Total

Average

Std. Dev:

%SD of Avg:

Burnup,
GWD/MTU

27.6

27.6

27.8

27.6

27.6

27.8

27.5

27.5

27.2

28.5

28.3

27.2

28.3

28.5

28.3

28.3

28.8

*0.45

*1.6

Cooling Time, Days
434 887 1100
Predicted Decay Heat Rat-e-,

03/10/82 06/06/83 01/05/84

846 456 373

851 460 376

852 461 377

851 460 376

846 460 373

852 454 377

846 460 373

841 454 371

717 452 329

838 398 369

877 467 379

712 396 328

877 467 379

838 452 369

*877 467 379

877 467 379

13,398 7,231 5,907

837 452 369

i50 *22 *16

t6.0 *4.9 t4.4

(a) Identification numbers starting with B denote 7x7 rod
assemblies; numbers starting with BZ denote 8x8 rod
assemblies.
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cooling period. The associated axial decay heat profile used for the simula-

tions is presented in Figure 6.5 and was determined using reactor activity

scans and ORIGEN2.

6.1.2 HYDRA-II Models and Input

This section describes some of the information on the input file: the

computational mesh, material properties, and correlations. The complete

HYDRA-II input file for the helium backfill, vertical orientation case is

provided in Appendix C.

500
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d
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Normalized Decay Heat Generation Rate

FIGURE 6.5. Axial Decay Heat Profile Used for CASTOR-1C Analysis
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6.1.2.1 Computational Mesh

A transverse cross section of the cask was illustrated previously in Fig-

ure 6.2. This cross section shows a square cavity inside the cask whose out-

side surface is approximately cylindrical. Figure 6.6 shows the corresponding

computational mesh employed and indicates the alignment of the computational

mesh with various physical features of the cask. Cartesian coordinates are

used in the cask cavity. A cylindrical coordinate system is used to represent

the cask body.

An elevation-view section of the cask is seen in Figure 6.1. The corre-

sponding axial cross section of the computational mesh is shown in Figure 6.7

and indicates the location of physical cask features relative to the computa-

tional mesh.

The code computes a temperature and three mass fluxes (if a fluid is

present) corresponding to each computational cell. The shape and location of

each cell is selected, insofar as practical, to coincide with physical struc-

tures or boundaries of the cask and its contents. The accuracy of predicted

temperatures and mass fluxes is influenced significantly by how well the com-

putational mesh is aligned with the physical structure.

6.1.2.2 Material Properties and Correlations

Material properties were obtained from the cask topical safety analysis

report (GNS 1983, 1985a) and from Touloukian and Ho (1970). The material prop-

erties used for all simulations are listed in Table 6.4. Effective thermal

conductivities were estimated for those computational cells containing more

than one material.

The total heat transfer from the external surface of the cask to ambient

was computed by HYDRA-II for both convection and radiation modes acting in

parallel. Heat transfer correlations were used to predict convection heat

transfer from the external surface of the cask to ambient. The correlations

used for all external surfaces relate the Nusselt number, Nu, to the Rayleigh

number, Ra, and are of the form Nu = C[Ra(L)]n. The values of C, n, and the

significant length, L, are listed in Table 6.5. Correlations for smooth

surfaces were taken from Sissom and Pitts (1972); the correlations for finned

surfaces were estimated from Chaddock (1970).
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FIGURE 6.7. Axial Computational Mesh and Alignment with
.CASTOR-1C Physical Cask Features

6.1.3 HYDRA-II Predictions

Selected predicted and measured axial temperature profiles are shown in
Figure 6.8, The largest discrepancy, 12'C, occurs in the peak cladding

temperatures.
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TABLE 6.4. CASTOR-1 Cask Test Material Properties

Thermal conductivity (W/cm2oK)

Stainless steel

Boron steel (Radionox)

Nodular cast iron

Epoxy

Concrete

Helium

Specific heat (W sec/gOK)

Helium

Viscosity (g/cm sec)

Helium

Emittance

Fuel cladding

Fuel basket

Cast iron (nickel-plated)

Cast iron (smooth)

Cast iron (painted fins)

Stainless steel

0.09215+(0.1465E-3)T

0.079+(0.21E-3)T

0.5162-(0.3205E-3)T

0.15E-2

0.017

0.52E-3+(0.32E-5)T

5.234

0.700E-4+(0.400E-6)T

0.8

0.4

0.25

0.3

0.92 (Measured)

0.2

TABLE 6.5. CASTOR-1C Cask Test Convection Heat Transfer Correlations

Surface C

0.13Vertical

n

1/3

1/3

L, cm

172.0

172.0Horizontal; heated surface
facing up

0.14

Vertical fins 0.75 1/4

1/4

8.0

8.0Horizontal fins 0.5

Figure 6.9 shows predicted and measured radial temperature profiles at an

axial elevation of 266 cm. The deviation between predictions and data (150C)

is acceptable over the radius from cask center to external surface.
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Some observations are in order regarding the simulations. In Chapter 4.0,

potential uncertainties inherent in any application were listed. The

uncertainty having the most significance for CASTOR-1C is repeated here for

emphasis:

* The total heat generation rate and the axial heat generation rate

profile have a direct impact on predicted cladding temperature. Both

the total generation rate and the axial profile can be determined

experimentally, and that is the preferred approach.
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This concern also applies to assembly heat generation 'rates. Because the

values were calculated by ORIGEN2 rather than measured, it is estimated that

the percentage uncertainty in the predicted total decay heat generation rate is

t5% (one sigma confidence level). The percentage uncertainty in the profile is

similarly estimated at $10%. Considering these uncertainties, the agreement

between predicted temperatures and measured data is satisfactory.

6.2 CASTOR-V/21 SPENT FUEL STORAGE CASK

The CASTOR-V/21 spent fuel storage cask components are briefly discussed

in Section 6.2.1. The corresponding HYDRA-II model used to simulate the

hydrothermal response of this cask is described in Section 6.2.2. A complete

series of tests and numerical simulations was performed for the CASTOR-V/21

cask. The backfill gas, gas pressure, and cask orientation were among the

control parameters in the test matrix. *The computational and experimental

results obtained for each of these cases are provided in Dziadosz et al.

(1986). Only the vertical orientation cases are presented here. The com-

parisons of computation with experiment.for these cases are presented in

Section 6.2.3.

6.2.1 Test Description

This section contains a brief description of the test hardware and

conditions needed for numerical simulation. A more complete account of the

details is available in Dziadosz et al. (1986).

6.2.1.1 Cask Body

The cask body is a one-piece cylindrical structure composed of ductile

cast iron in nodular graphite form. This material exhibits good strength and

ductility, as well as providing effective gamma shielding. Overall, the cask

body exterior is 4886 mm (16 ft) high and 2385 mm (8 ft) in diameter (Fig-

ure 6.10). The external surface has 73 heat transfer fins that run circum-

ferentially around the cask, and is coated with epoxy paint for corrosion

protection and ease of decontamination.
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FIGURE 6.10. CASTOR-V/21 PWR Spent Fuel Storage Cask

The cask body wall, excluding fins, is 380 mm (15 in.) thick. Incorpor-

ated within the wall of the body are polyethylene moderator rods to provide

neutron shielding. Two concentric rows of these 60-mm (2.3-in.) nominal diam-

eter rods are distributed around the cask perimeter (Figure 6.11). Two lifting

trunnions are bolted on each end of the cask body.

The diameter of the inner cavity is 1527 mm (5 ft), and the overall inner

cavity length is 4152 mm (163 in.). Precision-machined surfaces are provided
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1800

FIGURE 6.11. CASTOR-V/21 Cask Cross Section

at the open end of the cask cavity for positive gasket sealing, and bolt holes

are included at these locations to secure the two cask lids. The interior

cavity surfaces, including sealing surfaces, have a galvanic-applied nickel

plating.

6.2.1.2 Spent Fuel Basket

The cylindrical spent fuel basket (Figure 6.11) is made of welded stain-

less steel plate and borated stainless steel plate with a boron content of
approximately 1% for criticality control. The basket comprises an array of

21 square fuel tubes/channels that provide structural support and positive

positioning of the fuel assemblies. The basket overall height is 4110 mm

(13.5 ft) including the four 130-mm-diameter (5-in.) pedestals that support the
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basket and fuel weight on the bottom of the cask cavity. The basket outside

diameter of 1524 mm (5 ft) fits tightly in the cask cavity inner diameter of

1527 mm (5 ft). The depth of each fuel tube is 4050 mm (13.3 ft). A spacing of

74 mm (3 in.) is present between the top of the basket cavity and the underside

of the primary lid, thus accommodating a fuel assembly length of 4124 mm

(162 in.) and supporting convection heat transfer. The final assembly results

in a clearance of approximately 60 mm (2.3 in.) between the top of the fuel

assemblies and the bottom of the primary lid, for a reference fuel assembly of

4064 mm (160 in.).

6.2.1.3 Primary Lid

A stainless steel primary lid, 1785 mm (6 ft) in diameter and 290 mm

(12 in.) thick, is provided (Figure 6.12). Forty-four bolt holes are machined

near the lid perimeter to secure the lid to the cask body. Two grooves

machined around the lid underside, inside the bolt circle, are provided for

0-ring gaskets (Figure 6.13). The inner groove accepts a metal 0-ring, which

Lid Orientation Mark
TC Lance

Fill/Drain 00 Penetrations
Penetration (typical 9 places)

0

2700 - 900

Quick Disconnect
Ko Penetration

Seal Test TC Lance/Pressure Monitoring/
Penetration 1800 Gas Sampling Penetration

FIGURE 6.12. CASTOR-V/21 Cask Primary Test Lid
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CASTOR-V/21 Cask Lid-SystemFIGURE 6.13.

serves as the first barrier between stored fuel and the environment. The outer

groove accepts an elastomer O-ring. A 10-mm-diameter (0.5-in.) penetration

through the lid provides access to the annulus between the two seals to perform

post-assembly leak testing. This penetration is plugged when not in use.

The primary lid used during testing was not a standard lid and has

10 additional penetrations for fuel assembly guide tube instrumentation

[thermocouple (TC) lances]. Nine of the penetrations are machined with 18-mm

(0.7-in.) holes through the lid and countersunk (20 mm, 0.8 in.) to accept the

TC lances and 1l5-"m-diameter (4-in.) flanges. The tenth penetration has a

hole through the lid for a TC lance and accepts a 140-mm-diameter (5.5-in.)

flange. The pattern of the 1n fuel assembly instrumentation penetrations was

selected to measure radial temperature profiles across the basket in the spent

fuel assemblies.
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6.2.1.4 Secondary Lid

The stainless steel secondary lid is 2007 mm (79 in.) in diameter and

90 mm (3.5 in.) thick (Figure 6.13). Forty-eight bolt holes are machined near

the lid perimeter to secure the lid to the cask body.

The secondary lid was not used during the CASTOR-V/21 cask performance

test because of interference with fuel assembly instrumentation leads.

6.2.1.5 Surry PWR Spent Fuel Assemblies and Decay Heat

The fuel assemblies are square in cross section, nominally 214 mm

(8.426 in.) on a side, and have a total length of 4058 mm (159.765 in.). The

fuel column is 3658 mm (144 in.) long. The overall configuration is shown in

Figure 6.14.

The fuel rods in a fuel assembly are arranged in a square array with

15 rod locations per side and a nominal rod-to-rod centerline pitch of 14.3 mm

(0.563 in.) as shown in Figure 6.15. Of the total possible 225 rod locations

per assembly, 20 are occupied by guide tubes for the control rods and burnable

poison rods, and one central thimble is reserved for incore instrumentation.

The remaining 204 locations contain fuel rods. In addition to fuel rods, a

fuel assembly also includes a top nozzle, a bottom nozzle, and seven grid

assemblies.

FIGURE 6.14. Surry 15x15 PWR Fuel Assembly

6.22



214mm

. C C U ̂

.~~~ -

C : Sg C OC 0 0
I 010 OCC<

C CK)T C C 2XC O
C C F C5 C Z CC U

-Control rod guide
tubes (20)

- Fuel rod (204)
11 0.7mm)

-Instrument
thimble (1)

,Grid spacer

4.3mm

TL
.L IlII214mm -

I

FIGURE 6.15. Surry 15x15 PWR Fuel Assembly Cross Section

The 21 guide tubes, in conjunction with the grid assemblies and the top

and bottom nozzles, comprise the basic structure of the fuel assembly. The top

and bottom ends of the guide tubes are fastened to the top and bottom nozzles,

respectively. The grid assemblies are fastened to the guide tubes at each

location along the length of the fuel assembly at which lateral support for the

fuel rods is required. The fuel rods are contained and supported, and the rod-

to-rod centerline spacing is maintained along the assembly, within this

skeletal framework.

The fuel rods consist of uranium dioxide ceramic pellets contained in

slightly cold-worked and partially annealed Zircaloy-4 tubing, which is plugged

and seal-welded at the ends to clad the fuel. Nominal dimensions include

9.29-mm (0.3659-in.) pellet diameter, 10.71-mm (0.422-in.) tube OD, and 0.62-mm

(0.0243-in.) tube thickness.

The ORIGEN2 code (Croff 1980a, 1980b) was used to predict decay heat gen-

eration rates of the Surry PWR spent fuel assemblies used in the CASTOR-V/21
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cask performance test. The results of these calculations are given in

Table 6.6 for the 21 assemblies that were used in the CASTOR-V/21 cask during

performance testing. Fuel assembly decay heat generation rates were predicted

to total 28.4 kW at the start of testing and 27.5 kW at the end of testing.

Thirteen of the twenty-one fuel assemblies had decay heat rates near 1 kW, and

the remaining eight assemblies had decay heat rates of 1.8 kW at the start of

the month-long test.

The load pattern for the cask is shown in Figure 6.16. Assembly place-

ments were selected to create quarter symmetry of heat generation within the

basket and to produce a relatively flat temperature profile across the fuel

assemblies.

Measured axial decay heat profiles or gamma scans for the Surry spent fuel

assemblies were not available as input data to the ORIGEN2 computer code to

predict axial decay heat profiles. Axial gamma radiation scans previously

obtained on Turkey Point reactor spent fuel assemblies were therefore used to

develop a typical assembly axial burnup distribution. The Turkey Point and

Surry PWR reactors and spent fuel assemblies are of the same designs, so axial

decay heat profiles should be very similar.

The axial burnup distribution required as input to ORIGEN2 consisted of an

average from gamma scans of 25 rods from five Turkey Point assemblies.

ORIGEN2, with the measured gamma distribution and the appropriate Surry operat-

ing history, was then used to predict the relationship between burnup values

TABLE 6.6. Surry PWR Spent Fuel Characteristics

Initial Sept. 1985 Pred.
Burnup, Cooling Time, Enrichment, Decay Heat. kW

Assembly GWD/MTU months wt% Start End

V04, V08, V12, V24 31.1 46 2.91 1.00 0.98

V05 31.5 46 2.91 1.02 0.99

T03, T07, T08, T09,
T1l, T12, T13, T16 35.7 46 3.11 1.11 1.09

Vll, V13, V14, V15 29.8 26 2.91 1.79 1.72

V01, V09, V25, V27 30.2 26 2.91 1.83 1.75

Total 28.4 27.5
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FIGURE 6.16. Spent Fuel Load Pattern

and decay heat rates in specific axial regions (nodes) along the length of a

fuel assembly. The measured gamma activity from Turkey Point assemblies and

predicted Surry assembly decay heat axial profiles are shown in Figure 6.17.

Both profiles are typical of those for spent fuel assemblies from PWR reactors.

The dips in the profiles are a result of grid spacers at those locations.

Axial decay heat profiles are important because they strongly influence

the shape of axial temperature profiles in the fuel assemblies, especially in

vacuum and in a horizontal orientation where convection heat transfer is
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FIGURE 6.17. Predicted Axial Decay Heat Profile

minimized. A smoothed representation of the predicted axial decay heat profile

(Figure 6.17) was used as input to the HYDRA-II heat transfer computer program

to facilitate temperature predictions.

6.2.2 HYDRA-II Models and Input

This section describes some of the information on the input file: the

computational mesh, material properties, and correlations. The complete

HYDRA-II input file for the vacuum, vertical orientation case is provided in

Appendix D.

6.2.2.1 Computational Mesh

A radial cross section of the cask has been illustrated previously in

Figure 6.11. This cross section shows a cylindrical cavity inside the cask

whose outside surface is approximately cylindrical. Figure 6.18 shows the cor-

responding radial computational mesh employed and indicates the alignment of
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FIGURE 6.18. Transverse Computational Mesh and Alignment of
Mesh with CASTOR-V/21 Cask Physical Features
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the mesh with various physical features of the cask. Cartesian coordinates are

used in the cask cavity, and a cylindrical coordinate system is used to repre-

sent the cask body.

An elevation view of the cask is seen in Figure 6.10. A corresponding

cross section of the axial computational mesh is shown in Figure 6.19 and indi-

cates the location of physical cask features relative to the computational

mesh.

The code computes a temperature and three mass fluxes (if a fluid is

present) corresponding to each computational cell. The shape and location of

each cell is selected, insofar as practical, to coincide with physical struc-

tures or boundaries of the cask and its contents. The accuracy of predicted

temperatures and mass fluxes is influenced significantly by how well the

computational mesh is aligned with the physical structure.

6.2.2.2 Material Properties and Correlations

Material properties were obtained from the GNS cask topical safety analy-

sis report (1985b) and from Touloukian and Ho (1970). Table 6.7 lists the

material properties used for all simulations. Effective thermal conductivities

were estimated for those computational cells containing more than one material.

For those simulations where the backfill is denoted as vacuum, it is to be

understood that the actual backfill was nitrogen gas at low pressure. However,

the pressure was high enough so that the mean free path of the gas was less

than any significant lengths (gaps). Hence, the properties used for the vacuum

simulations were those of nitrogen.

The total heat transfer from the external surface of the cask to ambient

was computed by HYDRA-II for both convection and radiation modes acting in

parallel. Heat transfer correlations were used to predict convection heat

transfer from the external surface of the cask to ambient. The correlations

used for all external surfaces relate the Nusselt number, Nu, to the Rayleigh

number, Ra, and are of the form Nu = C[Ra(L)]n, with coeffients C, n, and L for

this analysis defined as listed in Table 6.8. Correlations for smooth surfaces
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TABLE 6.7. CASTOR-V/21 Cask Test Material Properties

Thermal conductivity, W/cm2oK

Stainless steel

Boron steel (Radionox)

Nodular cast iron

Helium

Nitrogen(a)

Specific Heat, W sec/g0K

Helium

Nitrogen

Viscosity, g/cm sec

Helium

Nitrogen

Emittance

Fuel cladding

Fuel basket

Cast iron (nickel-plated)

Cast iron (smooth)

Cast iron (painted fins)

Stainless steel

0.09215+(0.1465E-3)T

0.079+(0.21E-3)T

0.5162-(0.3205E-3)T

0.52E-3+(0.32E-5)T

0.75E-4+(0.6167E-6)T

5.234

1.053

0.700E-4+(0.400E-6)T

0.794E-4+(0.355E-6)T

0.8

0.4

0.25

0.3

0.92

0.2

(a) Vacuum properties were
because the vacuum was
nitrogen.

the same
actually

as those for nitrogen
low-pressure

TABLE 6.8. CASTOR-V/21 Cask Test Convection Heat Transfer Correlations

Surface C n L. cm

Vertical

Horizontal; heated surface
facing up

Horizontal; heated surface
facing down

Vertical fins

Horizontal fins

0.13

0.14

0.27

0.6

0.45

1/3

1/3

1/4

1/4

1/4

220.0

220.0

220.0

3.5

3.5
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were taken from Sissom and Pitts (1972), and the correlations for finned sur-

faces were estimated from Chaddock (1970). The lead coefficients, C, for the

finned surfaces are modified from those found in the references to more

accurately reflect the actual configuration.

6.2.3 HYDRA-II Predictions

Axial temperature profile predictions are compared to data for the verti-

cal, helium test run in Figure 6.20. Temperatures on the exterior surface of

the cask are satisfactorily predicted. It will be seen in subsequent figures

that satisfactory surface temperature predictions occur for all test runs.

Also shown in Figure 6.20 are the axial temperature profiles for an outer

fuel assembly and the center fuel assembly. The deviation between predictions

and data is small (150C) for the outer assembly, and slightly larger (25*C) for

the center assembly. The axial profile indicates the influence of convection;

i.e., hotter temperatures occurred in upper regions of the assemblies and

cooler temperatures occurred in lower regions.

As seen in Figure 6.20, temperatures at locations below the peak are

slightly overpredicted and temperatures at locations above the peak are

slightly underpredicted. It is speculated that the predicted axial decay heat

generation rate profile is in error for some or all of the fuel assemblies.

This source of uncertainty has been encountered in previous comparisons with

cask data and could be reduced by experimental measurement (Creer 1984; Rector

et al. 1986). This trend is common to all axial profile predictions presented

in this section.

Figure 6.21 shows axial temperature profile predictions compared to data

for the vertical, nitrogen test run. The worst-case deviation between data and

computation in the fuel assemblies is 150C. The influence of upward convection

in the fuel assemblies is again indicated.

Figure 6.22 shows axial temperature profile predictions compared to data

for the vertical, vacuum test run. The lack of significant convection for this

test run results in peak temperatures being located near the axial elevation of

peak decay heat generation.
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FIGURE 6.20. Axial Temperature Profile Predictions Compared to
Vertical, Helium Test Data from CASTOR-V/21 Cask

Figure 6.23 shows axial temperature profile predictions compared to data

for an outer fuel assembly generating 1.8 kW of heat. The results for the

three vertical test runs are presented for comparison. Predictions agree

exceptionally well with data for all three backfills. The effect of convection

is seen in the helium and nitrogen test runs, but not in the vacuum run.
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Axial Temperature Profile Predictions Compared to Vertical,
Nitrogen Test Data from CASTOR-V/21 Cask

Radial temperature profiles for the three vertical test runs from the

center fuel assembly out to the cask surface are shown at the respective axial

planes of peak guide tube temperature in Figure 6.24. Again, the collective

results demonstrate that the predicted and measured temperatures in the fuel
assemblies are in good agreement. The disagreement between predicted and
measured gas temperatures between assemblies Al and A4 is probably caused by
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FIGURE 6.22. Axial Temperature Profile Predictions Compared to
Vertical, Vacuum Data from CASTOR-V/21 Cask

the uncertain location of the TC lances. The lances may have been touching the

basket, resulting in measured temperatures greater than predicted temperatures.

Figure 6.25 shows axial mass fluxes at the plane of peak guide tube

temperature for the vertical, nitrogen test run. Relatively high flows are

seen in the channels adjacent to the basket fuel tubes. Flow is generally
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FIGURE 6.23. Axial Temperature Profile Predictions Compared to Vertical,
Helium, Nitrogen, and Vacuum 1.8-kW Outer Fuel Assembly Data

upward in the interior regions of the basket and downward near the inner cask

wall. A peak mass flux of approximately 0.03 g/sec-cm2 can be seen from

Figure 6.25 to be flowing down the cavity wall. The corresponding velocity is

approximately 60 cm/sec. Upward mass fluxes in the fuel assemblies are

approximately 0.001 g/sec-cm2 with corresponding average assembly velocities of
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FIGURE 6.24. Radial Temperature Profile Predictions Compared to Vertical,
Helium, Nitrogen, and Vacuum Data at Axial Planes of Peak
Guide Tube Temperatures

2 cm/sec. A display of mass fluxes for the vertical, helium test run looks

qualitatively similar to Figure 6.25 except that the mass fluxes are an order
of magnitude less. The convection flow in the vertical, vacuum test run also
has a similar appearance, but the negligibly low mass fluxes are of no conse-
quence to the temperature field.
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Figure 6.26 shows a vector plot of mass fluxes for the vertical, nitrogen

test run. The X-Z plane selected is one of the channels adjacent to basket

fuel tubes and is identified in Figure 6.26. There is a general mass flow

upward in the interior of the basket and downward next to the inner wall. The

largest mass fluxes in this plane are horizontal and occur at the bottom of the

cavity.

Figure 6.27 shows the flow pattern across the bottom of the cavity for

the vertical, nitrogen test run. The largest mass flux is approximately
20.03 g/sec-cm . The results for helium are qualitatively similar but smaller

by about an order of magnitude.

400 -
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FIGURE 6.26. Vector Plot of Mass Fluxes in X-Z Plane for Vertical, Nitrogen
Test Run
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at Bottom of Cavity

The mass flux maps presented in this section were constructed from local

vector components in the respective planes. Mass flux maps of local vector

components for the entire cask inner cavity flow channels are available in

HYDRA-II output. These vector plots (maps) can be appropriately selected to

clearly Indicate both local and global mass fluxes necessary to obtain a better

understanding of cask performance and to identify promising approaches to cask

optimization.
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Heat fluxes in the X-Y plane at the axial location of peak guide tube tem-

perature for the vertical, helium test runs are shown in Figure 6.28. The

highest heat fluxes are directed along the solid borated stainless steel basket

members next to the inner cask wall (e.g., in the region 40< x c70, Y-55 and

85). Their magnitude is approximately 1.0 W/cm2. Heat fluxes in the two large

channels next to the inner cask wall (X = 45, Y = 25 and 115) are seen to be

directed inward (at this axial plane). This reflects convection heat transfer.

A vector plot of heat fluxes for the vertical, nitrogen test run is qualitatively

similar.
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7.0 VERIFICATION SIMULATIONS

Code verification has been a continuing activity during the evolution of

HYDRA-II. The purpose of verification is to establish correctness of the code

logic and the numerically modeled physics. The use of simple problems that

individually contain separate effects of more complex problems is especially

helpful. Code predictions for these simple problems can be compared to known

analytical solutions or published experimental data. In some cases it is use-

ful to compare results with those of other codes.

This chapter presents code predictions for two problems. The first prob-

lem is steady-state heat conduction in a square with orthotropic properties and

heat generation. Code predictions for this problem are compared to the ana-

lytical solution. The second problem is buoyancy-driven convection in a rec-

tangular cavity, where code predictions are compared to experimental data and

to the predictions generated by two other codes.

7.1 STEADY TEMPERATURE IN A SQUARE WITH HEAT GENERATION

The problem is steady-state heat conduction in a square with uniform heat

generation. The thermal conductivity in one coordinate direction is unity; in

the other coordinate direction, it is 1/16. The boundary temperatures on all

four sides are zero. For computational purposes, use was made of quarter sym-

metry so two sides became adiabatic boundaries as shown in Figure 7.1.

As expected, the results shown in Figure 7.1 indicate good agreement

between predictions and the analytical solution along the coordinate axes even

for the relatively coarse mesh used. The locally one-dimensional difference

scheme employed in the code is especially appropriate in these directions for

this problem. Good agreement is also achieved along the diagonal where heat

transfer is clearly not one-dimensional.

This problem was also run with the conducting square oriented in the X-Z

plane and the Y-Z plane. The results were identical to those shown in Fig-

ure 7.1, indicating consistent coding for all three directions. The favorable

results shown in Figure 7.1 provide evidence that the heat conduction portion

of the code is working as intended.
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7.2 BUOYANCY-DRIVEN CAVITY CONVECTION

The problem is buoyancy-driven convection in a rectangular cavity, where

the momentum equation is coupled with the energy equation.

The cavity configuration, which has an aspect ratio of 10:1, is shown in

Figure 7.2. The vertical walls are constant temperature boundaries; one is hot

and the other is cold. The top and bottom surfaces are insulating material.

The medium in the cavity is air at atmospheric pressure. Variable mesh spacing

was used in HYDRA-II to enhance resolution of the boundary layer next to the

walls.

The results are shown in Figure 7.2. Predictions are compared to the

experimental data of Eckert and Carlson (1961). Also shown are the code pre-

dictions of TEMPEST (Eyler, Trent, and Budden 1983) and VECTRA (Hjelm and

Donovan 1979). The general agreement among the three codes and the experi-

mental data is good.

This problem was also run with the two-dimensional cavity oriented in the

other two mutually orthogonal directions. The results were identical to those

shown in Figure 7.2, indicating consistent coding for all three directions.

The favorable results shown in Figure 7.2 provide evidence that the coupled

energy energy, momentum, and continuity equations are working as intended.
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APPENDIX A

HYDRA-II INPUT FILE FOR THE PWR SINGLE-ASSEMBLY

SPENT FUEL TEST -- HELIUM BACKFILL CASE

I/main
7
so they chop and change, and each fresh move
Is Inly a fresh mistake.

robert service

Input for e-mad 2/27/84
quarter symmetry, helium
Re-run using HYDRA-II In July 1987
20,50,10
1,1,50
1.0,1,0,0
0
0,0.1,0.5,0.010
1,1,1
1 .0,100,1
1/MAIN/PrInt Plane Options
2
1,3
2,5,2
1 /MAIN/Print Arrays or Info
0,0 /ptl
0,0 /ptsl
1 /pqbnd
1,2 /pqi
0,0 /pqrad
0,O /ptsl
1,0 /pt
0,O /pts
1,0 /pmx
1,0 /pmy
1,0 /pmz
0,0 /pdpf
0,0 /ppf
1/grid
1,4, 16, 14, 16
1/grid/ieend
2,4,5,6,7,8,9,10,11,12,13,14,15,4*16
1/grid/Jebeg
4*2,3,4,5,6,7,8,9,10,11,12,13,14
I/grId/Jeend
16*16
1/grid/imend
2,5,6,7,8,9,10,11 ,12,13,14,15,516
1/grld/Jmbeg
5*2,3,4,5,6,7,8,9,10,11,12,13
1/grld/Jmend
16*16
1/grid/icart
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,3*17
I/ rld/jcart
3*4,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1/GRID/I send
27*2
1/grid/dx
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2*0.71501,7*1.43002,1.173689360417,1.067883962285,1.06058270993,
0.8490107473344,0.6721356491955,0.517475198744,2*0.3774228137623
1/grid/dy
2*0.3774228137623, 0.517475198744, 0.6721356491955,
0.8490107473344, 1.06058270993,
1.067883962285, 1.173689360417, 7*1.43002, 2*0.71501
1/grid/dz
1.0,3.0226,5.08,7.62,10.16,15.24,20.32,22.86,
24.892,25.908,3*26.162,25.908,25.4,23.876,
21.336,18.796,16.256,13.716,
11.176,9.6774,9.144,8.8392,2*3.8354,1.0
1/grid/dr
16.8275,2*1
1/prop
0,0,0,0,0,0,0
0,0,0,0,.333 /toph,topl,topvtopc,topn
0,0,0,0,.25 /both,botl,botv,botc,botn
1/prop/ccona,cconb
5
low conductivity
0.le-20,0.0,0
high conductivity
O.le+20,0.0,0
helium (backfill gas)
0.52e-3,0.329-5,0
sst
0.09215,0.1465e-3,0
air (backfill gas)
0.6880e-4,0.6340e-6,0
l/prop/specs def. 01 Isotropic and 11 parallel
1
1.0,1.0,1.0,1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,2.0,3.0,0.7038,4.0,0.4699,
5.0,2.0,3.0,8.1,4.0,0.7392,
56*0.0
1/prop/specs def. 21 series
9
6.0,3.0,0.7038,0,0,1.0
7.0,4.0,0.4699,0,0,1.0
8.0,3.0,8.1,0,0,1.0
9.0,4.0,0.7392,0,0,1.0
10.0,3.0,0.3164,0.le-20,0.le-20,1.0,
11.0,3.0,0.1,0.8,0.8,1.0,
12.0,3.0,0.1,0.3,0.3,1.0,
13.0,3.0,2.54,0.le-20,0.le-20,1.0,
14.0,3.0,0.3164,0.le-20,0.1e-20,0.0,
26*0.0
1/prop/specs def. 31 fuel assembly
I
15.0,3.0,0.9484,1.072,1.430,0.0209,0.115,0,0,
71*0.0
1/prop/index
18,32
1,1,2,16,2,26,1,1,1,
2,16,17,17,2,26,1,2,1,
10,16,7,16,2,26,1,4,3,
2,9,2,8,2,26,1,4,3,
2,9,9,16,25,26,1,4,3,
10,10,9,11,2,23,5,14,4,16,4,
1,2,21,6,21,7,

7,9,8,8,2,23,5,12,4,15,4,
2,2,22,6,22,7,
10,10,8,8,2,23,4,12,4,14,4,15,4,41,10
10,10,7,7,2,23,1,42,14,
2,9,9,16,2,23,1,31,15,
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2,9,9,16,24,24,4,11,5,13,5,23,8,23,9,
2,9,9,16,1,1,1,43,11,
10,10,8,11,1,1,1,43,12,
7,9,8,8,1,1,1,43,12,
10,10,12,16,1,1,1,43,13,
11,16,8,16,1,1,1,43,13,
2,6,8,8,1,1,1,43,13,
2,10,2,7,1,1,1,43,13,
44*0
1/thenm
0.5,5.234,0.5
0100,1
1/THERM/monitor/t
12
2,2,7
2,2,11
2,2,15
2,2,16
2,2,18
2,2,22
2,12,7
2,12,11
2,12,15
2,12,16
2,12,18
2,12,22
0,0,0
I /therm/qwf
1, 2,9,9,16
0, 2,2,16,16
0, 6,6,16,16
0, 7,7,14,14
0, 5,5,13,13
0, 2,2,12,12
0, 4,4,11,11
0, 7,7,11,11
0, 4*0
1/therm/qgrp
290, 2,9,9,16
0, 4*0
1/therm/relact
0.0,24.0,34.5,48.5,62.5,72.5,78.0,
8*80.0,79.5,72.7,59.0,45.0,30.5,5*0.0
1/THERM/pqgen
0
1/therm/tcen
0,16.5
380.0,390.0,400.0,420.0,440.0,460.0,485.0,510.0,
540.0,5*548.0,520.0,500.0,480.0,460.0,440.0,430.0,
420.0,410.0,400.0,390.0,380.0
1 /THERM/nscho/newtc,lnfo,tsI
0,1
18*377, 18*378, 18*382, 18*388, 18*395, 18*403, 18*411,
18*418, 18*424, 18*429, 18*431, 18*433, 18*433, 18*432,
18*430, 18*426, 18*421, 18*415, 18*410, 18*403, 18*398,
18*393, 18*387, 18*381, 18*377, 18*375, 18*373
1/therm/delta
0
2,16,2,16
25*0.0
I /REBT/necho
O.le+6,12,1 /REBT/xdt~me,nmax,1nfo
1/props
7*0
0,0,0,0,.333 /toph,topl,topv,topc,topn
0,0,0,0,.25 /both,botl,botv,botc,botn
0,0,0,0,.25 /sldeh,sidel,sidev,sidec,siden
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I/props/ccona,cconb
7
low conductivity
0.le-20,0.0,0
high conductivity
0.le+20,0.0,0
air (backfill gas)
0,688e-4,0.634e-6,0
air (ambient gas)
0.6880e-4,0.6340e-6,0
copper
4.05,-0.800e-3,0
lead
0.392,-1.333e-4,0
sst
0.09215,0.1465e-3,0
1/props/specs def. 01 Isotropic
0
1/props/specs def. 21 series
0
1/props/Index
0,0
288*0
1/tside
1,300,5
1 /TSIDE/necho/monts
0
0,0,0
1/tside/delta
0
25*0.0
1 /RADC/necho
0 /RADC/info
1 /RADC/necho/nregs
2 /RADC/nregs
22,1,19,1,1,1
22,1,19,2,2,1
1 /RADC/necho/kcsils
22, 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23

1 /RADC/necho/nicelis
19, 5*9,5*10,11,12,13,14,15,16,3*17
19, 2,3,4,5,6,6,7,8,9,10,10,9,8,7,6,5,4,3,2
1 /RADC/necho/Jcells
19, 16,15,14,13,12,11,11,10,9,8,8,9,10,11,12,13,14,15,16
19, 5*9,5*8,7,6,5,4,3,2,3*1
1 /RADC/necho
19 /RADC/nsurfs/h

-3.1890246552907e-12, 3.8581063820283e-13, 3.678337136055e-13,
3.418839678887e-13, 3.0795080009331e-13, 7.7253009779528e-14,
9.9001372435687e-14, 8.543430860918e-14, 7.07308377341479-14,
4.4855459686455e-14, 6.31392173167489-14, 1.09030677876449-13,
1.2217045192549e-13, 1.3713972724984e-13, 1.61687695429e-13,
1.9485196952096e-13, 2.1656389499364e-13, 2.6244825653828e-13,
1.4123865640481e-13
3.85810638202839-13, -6.0095217771782e-12, 7.3003194812049e-13
6.84278601252729-13, 6.2045161997019e-13, 1.5887172316468e-13,
2.01979661411le-13, 1.7472284037321e-13, 1.4383063618636e-13,
8.9545514753089e-14, 1.2436753495435e-13, 2.2438804529128e-13,
2.5477875465464e-13, 2.8817335376047e-13, 3.3822020393012e-13,
3.9855033331899a-13, 4.311261767264e-13, 4.9826449101475e-13,
2.6212970009228e-13
3.6783371360551e-13, 7.300319481205e-13, -6.0576446616017e-12,
6.8456296160341e-13, 6.3547892317002e-13, 1.7843253296807e-13,
2.1253799569071e-13, 1.8461322136073e-13, 1.4952976905051e-13,
9.0866828546096e-14, 1.25233178381199-13, 2.33018743129479-13,
2.88177272841659-13, 3.3025225331455e-13, 3.76627340038e-13,
4.121579981816e-13, 4.14029552872189-13, 4.2904735328707e-13,

IV
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2.1521307543994e-13
3.418839678887e-13, 6.8427860125272e-13, 6.8456296160339e-13,
-6.0850426385451e-12, 6.8011336409546e-13, 2.5518520652189e-13,
2.24426640261e-13, 1.9352391398948e-13, 1.4968160928446e-13,
9.0427829255509e-14, 1.25928932377699-13, 2.0907314577275-13,
3.4839247788143e-13, 3.95614795639929-13, 4.1523425525472e-13,
4.0291616160826e-13, 3.7068898019509e-13, 3.4608441741733e-13,
1.6702537824487e-13
3.0795080009333e-13, 6.2045161997022e-13, 6.3547892317003e-13,
6.8011336409547e-13, -5.8820043196986e-12, 6.5976385477642e-13,
1.9448482357048e-13, 1.5969601628026e-13, 1.2277739170194e-13,
7.9635652246935e-14, 1.16380470951969-13, 1.5689922384118e-13,
2.2979439526463e-13, 3.8998059937178e-13, 4.1789714343104e-13,
3.6617865435095e-13, 3.2179380349806e-13, 2.8632760323073e-13,
1.3639997985327e-13
7.7253009779529e-14, 1.5887172316467e-13, 1.7843253296807e-13,
2.5518520652189e-13, 6.5976385477642e-13, -1.9391195019104e-12,
3.5053519988431e-14, 3.2602369815175e-14, 3.05069080457549-14,
2.3163879065574e-14, 4.0940033115121e-14, 5.1521333103803e-14,
4.8449100057829e-14, 4.6797352972984e-14, 5.7995535018237e-14,
6.9024922028343e-14, 6.9237920747707e-14, 6.9681804261658e-14,
3.4638496479244e-14
9.9001372435687e-14, 2.019796614111le-13, 2.1253799569079-13,
2.24426640261e-13, 1.9448482357047e-13, 3.5053519988431e-14,
-2.3283700273394e-12, 1.0519448126222e-13, 8.949296075469e-14,
5.1024741918253e-14, 7.7481490038181e-14, 1.7231484467298e-13,
2.3941636939293e-13, 2.0522976522277e-13, 1.4101076025451e-13,
9.9976348064523e-14, 8.2241734479346e-14, 6.66371722515529-14,
3.0865345669967e-14
8.543430860918le-14, 1.7472284037321e-13, 1.8461322136073e-13,
1.935239139895e-13, 1.5969601628024e-13, 3.2602369815176e-14,
1.0519448126222e-13, -2.3071745731415e-12, 1.2541449061195e-13,
7.3948593378828e-14, 1.2207728669348e-13, 3.0736800296904e-13,
2.6906570260088e-13, 1.5631801636123e-13, 9.9023949975836e-14,
7.3658623686205e-14, 6.487290458799e-14, 5.4194082689034e-14,
2.54457678967659-14
7.0730837734149e-14, 1.4383063618635e-13, 1.4952976905053e-13,
1.4968160928448e-13, 1.2277739170191e-13, 3.0506908045756e-14,
8.9492960754687e-14, 1.2541449061195e-13, -2.26729200773569-12,
1.4469341544615e-13, 3.0572194250519e-13, 4.0532815457129e-13,
1.7754745481518e-13, 1.0015515372685e-13, 7.0886714297596e-14,
5.7888959114367e-14, 5.4251737602057e-14, 4.668664889497le-14,
2.2167223392017e-14
4.4855459686454e-14, 8.9545514753083e-14, 9.0866828546098e-14,
9.0427829255512e-14, 7.9635652246879e-14, 2.3163879065561e-14,
5.1024741918277e-14, 7.3948593378823e-14, 1.4469341544615e-13,
-1.761182948316e-12, 5.9278980633465e-13, 1.6782691477625e-13,
8.1385036493607e-14, 5.6404802267095e-14, 4.5180428281999e-14,
3.9783065617189e-14, 3.8946315803995e-14, 3.4289637256694e-14,
1.641502718759e-14
6.3139217316748e-14, 1.2436753495434e-13, 1.2523317838119e-13,
1.2592893237769e-13, 1.1638047095182e-13, 4.0940033115085e-14,
7.748149003825e-14, 1.2207728669345e-13, 3.0572194250518e-13,
5.9278980633468e-13, -2.3149167252529e-12, 1.9794124274324e-13,
1.1065809691285e-13, 7.6753095449604e-14, 6.11253140117319-14,
5.3681788047048e-14, 5.1362727002215e-14, 4.6723421515482e-14,
2.2611146902131e-14
1.0903067787644e-13, 2.243880452912e-13, 2.3301874312955e-13,
2.090731457728e-13, 1.5689922384112e-13, 5.1521333103846e-14,
1.7231484467289e-13, 3.0736800296909e-13, 4.0532815457129e-13,
1.6782691477622e-13, 1.97941242743269-13, -2.79122767634419-12,
1.6060364983018e-13, 1.0780684919558e-13, 7.9726033400122e-14,
6.6144389301565e-14, 6.1088893409839e-14, 5.4779911715445e-14,
2.636762074352e-14
1.2217045192548e-13, 2.5477875465471e-13, 2.8817727284157e-13,
3.4839247788143e-13, 2.2979439526464e-13, 4.8449100057785e-14,
2.3941636939299e-13, 2.6906570260086e-13, 1.7754745481518e-13,
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8.1385036493596e-14, 1.10658096912819-13, 1.6060364983022e-13,
-2.6927816912664e-12, 9.94569002469719-14, 7.4072159783836e-14,
6.0640353343632e-14, 5.51029025729319-14, 4.9356332976105e-14,
2.3714279671614e-14
1.3713972724984e-13, 2.8817335376051_-13, 3.3025225331447e-13,
3.95614795639929-13, 3.8998059937179e-13, 4.67973529730149-14,
2.0522976522274e-13, 1.56318016361239-13, 1.00155153726859-13,
5.6404802267103a-14, 7.6753095449632e-14, 1.0780684919555e-13,
9.94569002469599-14, -2.61046381826929-12, 6.0417912905391e-14,
5.0761528158964e-14, 4.6561796209786e-14, 4.2273098571245e-14,
2.03668176440659-14
1.616876954299-13, 3.3822020393007e-13, 3.7662734003806e-13,
4.1523425525471e-13, 4.1789714343103e-13, 5.7995535018236e-14,
1.4101076025459-13, 9.9023949975831e-14, 7.0886714297563e-14,
4.5180428281972e-14, 6.11253140117379-14, 7.9726033400114e-14,
7.4072159783812e-14, 6.04179129053919-14, -2.5380783425553e-12,
4.2963657610596e-14, 4.0628188213737e-14, 5.73405106433699-14,
1.80405400753959-14
1.9485196952096e-13, 3.9855033331899e-13, 4.12157998181599-13,
4.0291616160821e-13, 3.66178654350949-13, 6.9024922028343e-14,
9.997634806454e-14, 7.36586236861779-14, 5.78889591143919-14,
3.9783065617206e-14, 5.36817880470169-14, 6.61443893015579-14,
6.06403533436619-14, 5.07615281589669-14, 4.2963657610584e-14,
-2.4775963586984e-12, 3.8595095356668e-14, 3.3554620813342e-14,
1.6267890575128e-14
2.1656389499366e-13, 4.31126176726429-13, 4.14029552872189-13,
3.1068898019509e-13, 3.2179380349807.-I3, 6.9237920747722e-14,
8.2241734479316e-14, 6.48729045880179-14, 5.4251737602043e-14,
3.89463158040019-14, 5.13627270022319-14, 6.1088893409849-14,
5.5102902572901e-14, 4.65617962097999-14, 4.0628188213745e-14,
3.8595095356668e-14, -2.40185996642259-12, 2.991829857031le-14,
1.4849043580388e-14
2.6244825653828e-13, 4.98264491014759-13, 4.2904735328707.-13,
3.4608441741732e-13, 2.86327603230729-13, 6.96818042616449-14,
6.66371722515679-14, 5.4194082689018e-14, 4.6686648894982e-14,
3.42896372566829-14, 4.6723421515493e-14, 5.4779911715417e-14,
4.9356332976135e-14, 4.2273098571218e-14, 3.7340510643385e-14,
3.355462081335e-14, 2.991829857031le-14, -2.40256468138539-12,
1.49570197378469-14
1.4123865640481e-13, 2.6212970009227e-13, 2.1521307543991e-13,
1.6702537824493e-13, 1.36399979853269-13, 3.46384964792379-14,
3.08653456699659-14, 2.544576789675e-14, 2.21672233920329-14,
1.6415027187603e-14, 2.2611146902125e-14, 2.63676207435369-14,
2.37142796715999-14, 2.0366817644057e-14, 1.8040540075395e-14,
1.6267890575127e-14, 1.48490435803889-14, 1.49570197378469-14,
-1.20871300959099-12

1 /RADP/necho
0 /RADP/Iregs
1 /RADP/necho
0 /RADP/Jregs
1 /RADP/necho
3 /RADP/kregs/e1,2,lbeg,lend,Jbeg,Jend,kbeg,kend
.9, .3, 2,9, 9,16, 24,27
.3, .3, 7,10, 8,8, 23,27
.3, .3, 10,10, 9,11, 23,27
1 /RADR/necho
2 /RADR/Ilnes/text
emittance of rods Is 0.8
connectors confined to assembly
1/radr/nh/h
25

1., 0.171, 0., 0., 0.171, 0., 0., 0., 0.208, 5.e-3, 0., 0.,
5.e-3, 0., 0., 0., 0., 0., 0., 4.6e-2, 4.6e-2, 0., 0., 0., 0.
2., 0.171, 0., 0.171, 0.388, 0., 0., 0.208, 0.208, 5.e-3, 0.,
0., l.e-2, 0., 0., 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0.,
O., 0.
3., 0.388, 0.171, 0., 0.171, 0.208, 0., 0., 0.208, 1.9-2, 0.,
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0., 5.e-3, 4.6e-2, 0., 0., 0., 0., 0., 4.6e-2, 4.6e-2, 0., 0.,
O., 0.
4., 0.171, 0., 0.171, 0.342, 0., 0., 0.208, 0.208, 5.e-3, 0.,
5.e-3, 1.e-2, 0., 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0.,
O., O., 0.
5., 0.342, 0.171, 0., 0.171, 0.208, 0., 0., 0.208, l.e-2, 5.e-3,
0., 5.e-3, 4.6e-2, 4.6e-2, 0., 0., 0., 0., 4.6e-2, 4.6e-2, 0.,
O., O., 0.
6., 0.171, 0., 0.171, 0.342, 0., 0., 0.208, 0.208, 0., 0.,
5.e-3, 1.e-2, 0., 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0.,
O., O., O.
7., 0.342, 0.171, 0., 0.171, 0.208, 0., 0., 0.208, 1.e-2, 5.e-3,
0., 0., 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0., 4.6e-2, 0., 0., 0.,
0.
8., 0., 0., 0.171, 0.342, 0., 0., 0.208, 0., 0., 0., 5.e-3,
1.e-2, 0., 0., 0., 0., 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0., 0.
9., 0.342, 0.171, 0., 0., 0.208, 0., 0., 0., 1.e-2, 5.e-3, 0.,
0., 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.
10., 0.388, 0.388, 0.388, 0.388, 0.208, 0.208, 0.208, 0.208,
1.e-2, 0., 0., 1.e-2, 4.6e-2, 0., 0., 0., 0., 4.6e-2, 4.6e-2,
4.6e-2, 0., 0., 0., 0.
11., 0.388, 0.342, 0.388, 0.342, 0.208, 0.208, 0.208, 0.208,
1.e-2, 0., 1.e-2, 1.e-2, 4.6e-2, 0., 0., 4.6e-2, 4.6e-2, 4.6e-2,
4.6e-2, 4.6e-2, 0., 0., 0., 0.
12., 0.342, 0.388, 0.342, 0.388, 0.208, 0.208, 0.208, 0.208,
I.e-2, 1.e-2, 0., 1.e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 4.6e-2,
4.6e-2, 4.6e-2, 0., 0., 0., 0.
13., 0.388, 0.342, 0.388, 0.342, 0.208, 0.208, 0.208, 0.208, 0.,
0., 1.e-2, 1.e-2, 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0.,
0., 0., O., 0.
14., 0.342, 0.388, 0.342, 0.388, 0.208, 0.208, 0.208, 0.208,
l.e-2, l.e-2, 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0.,
4.6e-2, 0., 0., 0., 0.
15., 0., 0.342, 0.388, 0.342, 0., 0.208, 0.208, 0., 0., 0.,
l.e-2, 1.e-2, 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0.,
O., O., 0.
16., 0.342, 0.388, 0.342, 0., 0.208, 0.208, 0., 0., l.e-2, l.e-2,
0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0 , 0., 0., 0., 0.,
0.
17., 0.342, 0.342, 0.342, 0.342, 0.208, 0.208, 0.208, 0.208,
1.e-2, l.e-2, 1.e-2, l.e-2, 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2,
4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0.
18., 0.342, 0.342, 0.342, 0.342, 0.208, 0.208, 0.208, 0.208, 0.,
1.e-2, 1.e-2, 1.e-2, 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2,
4.6e-2, 0.,0 0., 0., 0., 0.
19.; 0.342, 0.342, 0.342, 0.342, 0.208, 0.208, 0.208, 0.208,
1.e-2, 1.e-2, 1.e-2, 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2,
0., 0., 4.6e-2, 0., 0., 0., 0.
20., 0.342, 0.342, 0.342, 0.342, 0.208, 0.208, 0.208, 0.208, 0.,
1.e-2, 1.e-2, 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0.,
O., 0., O., 0.
21., 0., 0.342, 0.342, 0.342, 0., 0.208, 0.208, 0., 0., 1.e-2,
1.e-2, 1.e-2, 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0.,
O., 0., 0.
22., 0.342, 0.342, 0.342, 0., 0.208, 0.208, 0., 0., l.e-2, 1.e-2,
1.e-2, 0., 4.6e-2, 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0.,
O., 0., 0.
23., 0., 0.342, 0.342, 0.342, 0., 0.208, 0.208, 0., 0., 1.e-2,
1.e-2, 0., 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0.,
O., 0.
24., 0.342, 0.342, 0.342, 0., 0.208, 0.208, 0., 0., 0., 1.e-2,
1.e-2, 0., 0., 4.6e-2, 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0., 0.,
O., 0.
25., 0., 0.342, 0.342, 0., 0., 0.208, 0., 0., 0., 1.e-2, 1.e-2,
0., 0., 0., 4.6e-2, 4.6e-2, 0., 0., 0., 0., 0., 0., 0., 0.

1 /RADR/Ireg
25
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1,1,2,2,16,16,2,23,
2,2,3,3,16,16,2,23
3,3,2,2,15,15,2,23
4,4,4,7,16,16,2,23
5,5,2,2,11,14,2,23
6,6,8,8,16,16,2,23
7,7,2,2,10,10,2,23
8,8,9,9,16,16,2,23
9,9,2,2,9,9,2,23,
10,10,3,3,15,15,2,23
11,11,4,7,15,15,2,23
12,12,3,3,11,14,2,23
13,13,8,8,15,15,2,23
14,14,3,3,10,10,2,23
15,15,9,9,15,15,2,23
16,16,3,3,9,9,2,23,
17,17,4,7,11,14,2,23
18,18,8,8,11,14,2,23
19,19,4,7,10,10,2,23
20,20,8,8,10,10,2,23
21,21,9,9,11,14,2,23
22,22,4,7,9,9,2,23,
23,23,9,9,10,10,2,23
24,24,8,8,9,9,2,23,
25,25,9,9,9,9,2,23
1/radr/It4
1
1,2,9,9,16,2,23
1 /REBA/necho
20, 0 /REBA/dtmax,info
1/hydro
1.0,0.19-7,0,0.5,1.0,-0.1
0,0.19-2,1.0
0,0,1.0
1082179.0,450.0,0.11566.-3
0.0,0.0,-l.o
0.7e-4,0.4e-6
1 /HYDRO/monmx
4
4,5,5
4,5,17
11,11,3
11,11,21
0,0,0
1 /HYDRO/monmy
4
4,5,5
4,5,17
11,11,3
11,11,21
0,0,0
1 /HYDRO/monmz
4
4,5,5
4,5,17
11,11,3
11,11,21
0,0,0
1/hydro/specs vis boundary
2
1.0e-20,2.0,16.0,17.0,17.0,2.0,26.0,
1.0.-20,1.0,1.0,2.0,16.0,2.0,26.0,
28*0.0
1/hydro/specs vis Inside
2
0.1e+10,7.0,10.0,8.0,8.0,2.0,23.0,
0.10+10,10.0,10.0,9.0,11.0,2.0,23.0,
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28*0.0
1/propm/permO
1.Oe+4
1/propm/ax
0
-1,6*0
I/propm/ay
0
-1,6*0
1/propm/az
0
-1,6*0
1 /propm/ax I
0
0.25, 9,9,9,16,2,23
O.le-6, 9,9,9,16,24,24
-1,6*0
1/propm/ayl
0
0.25, 2,9,8,8,2,23
O.l-6, 2,9,8,8,24,24
-1,6*0
1/propm/azl
0
0.559, 2,9,9,16,23,23
0.294, 8,8,10,16,24,24
0.294, 2,7,10,10,24,24
O.le-6, 9,9,9,16,24,24
O.le-6, 2,8,9,9,24,24
-1,6*0
1/propm/por
0
0.559, 2,9,9,16,2,23
0.927, 2,9,9,16,24,24
0.600, 10,10,8,11,2,23
0.600, 7,9,8,8,2,23
-1,6*0
I/propm/permx
0
0.00466, 2,9,9,16,2,23
-1,6*0
I/propm/permy
0
0.00466, 2,9,9,16,2,23
-1,6*0
I/propm/permz
0
0.0098, 2,9,9,16,2,24
-1,6*0
1/pdg
0.8,0.5e-6
1/piter
4,25
1.0,0.0,1.0
1/p1ter/norder
4
2,4,1,0
1/p1les
0.le-7,1.25,4,0
1 /REBQ/necho
0,0 /REBQ/nmax,info
1,1,1 /REBQ/kbound,Jbound,lbound
0.1e-20, O.le-20, O.le-20 /REBQ/akkmin,ajJmln,allmin
1 /REBQ/necho
0 /REBQ/kreg
1 /REBQ/necho
0 /REBQ/kbIda
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1 /REBQ/necho
0 /REBQ/Jreg
1 /REBQ/necho
0 /REBQ/Jblda
1 /REBQ/necho
0 /REBQ/Ireg
1 REBQ/necho
0 /REBQ/1bIda
1/af
6,0
1/avg
0,1082179.0
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APPENDIX B

HYDRA-II INPUT FILE FOR THE ELECTRICALLY-HEATED,

SINGLE-ASSEMBLY TEST -- AIR BACKFILL, INCLINED

ORIENTATION, 1-kW CASE

I1/ma In
7
so they chop and change, and each fresh move
Is Inly a fresh mistake.

robert service

Input for agns 5/9/85
source Is h2ag, input file is Inh2agl
1/2 symmetry, Inclined, air, 1.0kw, run 1
6,4,1
1,1,50
1.0,1,0,0
0
0,0.1,1.0,0.01
1.0,1.0,0.0
0.0,30,1
I/main/print plane options
2
1,17
2,27,2
I/main/print arrays or Info
0.0,0/ptl
0.0,0/ptsl
1.0/pqbnd
1.0,1/pql
0.0,0/pqrad
0.0,0/ptsl
1.0,0/pt
0.0,0/pts
1.0,2/pmx
0.0,0/pmy
1.0, I/pmz
0.0,0/pdpf
0.0,0/ppf
1/grid
2.0,3,3,17,20
I/grld/leend
1,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,
18,18,17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,1
1/grid/Jebeg
2,2,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17
I/grld/Jeend
35,35,35,34,33,32,31,30,29,28,27,26,25,24,23,22,
21,20
I/grld/lmend
3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,6*18,
17,16,15,14,13,12,11,10,9,8,7,6,5,4,3
1/grid/Jmbeg
2,2,2,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1/grid/Jmend
35,35,35,35,34,33,32,31,30,29,28,27,26,25,24,23,
22,21
I/grId/icart
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2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,
4*19,18,17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2
I/grId/Jcart
1,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25,26,27,28,29,30,31,
32,33,34,35,36,36
1/grid/Isend
2B§2
I/grid/dx
1.0,2*2.9464,2.2098,2*1.4732,0.381,0.5334,0.889,1.6002,
2.431504306,1.247813387,0.598477002,0.3301857,0.223356546,
0.772350835,0.63908606,0.734174295,1.0
1/grid/dy
1.0,0.734174295,0.63908606,0.772350835,0.223356546,0.3301857,
0.598477002,1.247813387,2.431504306,1.6002,0.889,0.5334,0.381,
2*1.4732,2.2098,4*2.9464,2.2098,2*1.4732,
0.381,0.5334,0.889,1.6002,2.431504306,1.247813387,0.598477002,
0.3301857,0.223356546,0.772350835,0.63908606,0.734174295,1.0
1/grid/dz
1.0,12.3825,11.1125,2*10.16,12.7,15.24,17.78,20.32,22.86,25.4,
26.67,3*27.94,26.67,25.4,
22.86,20.32,17.78,15.24,12.7,2*10.16,2*21.43125,10.16,1.0
1/grld/dr
22.225,2*1.0
1/prop

0.0,0.0,0.0,0.0,0.0
0.0,0.0,0.0,0.0,0.0
1/prop/cconO,cconl,ccon3
6
low conductivity
O.le-20,0.0,0.0
high conductivity
O.le+20,0.0,0.0
air (backfill gas)
0.6880e-4,0.6340e-6,0.0
sst
0.09215,0.1465e-3,0.0
boral
0.677,-0.667e-3,0.0
helium (not used)
0.52e-3,0.32e-5,0.0
1/prop/specs def. 01 Isotropic and 11 parallel
6
1.0,1.0,1.0,1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,2.0,4.0,0.3480,
5.0,0.1854,

5.0,2.0,4.0,0.3480,
3.0,0.1854,
6.0,1.0,4.0,1.0,
72*0.0
1/prop/specs def. 21 series
5
10.0,4.0,0.3480,0.0,0.0,0.0,
11.0,5.0,0.1854,0.0,0.0,0.0,
12.0,3.0,0.795,0.0,0.0,0.0,
13.0,3.0,0.398,0.0,0.0,0.0,
14.0,3.0,0.9,0.0,0.0,0.0,
70*0.0
1/prop/specs def. 31 fuel assembly
1
20.0,3.0,0.889,1.077,1.453,0.16,0.16,0.6,0.95,
91*0.0
1/prop/index
30,46
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1,1,2,35,2,27,1, 1, 1,
2,6,14,23,2,23,1,31,20,
2,6,13,13,2,23,1,42,14,
2,6,23,23,2,23,1,42,14,
6,6,14,23,2,23,1,41,14,
2,7,13,13,2,23,1,4,3,
2,7,24,24,2,23,1,4,3,
7,7,14,23,2,23,1,4,3,
2,8,12,12,2,2,2,4,3,3,6,
2,8,25,25,2,2,2,4,3,3,6,
8,8,13,24,2,2,2,4,3,3,6,
2,7,12,12,3,23,4,12,4,15,4, 22,102, 11,
2,7,25,25,3,23,4,12,4,15,4,22,10,22,11,
8,8,13,24,3,23,4,14,4,16,4,21,10421,11,
8,8,12,12,3,23,3,12,5,14,5,15,5,
8,8,25,25,3,23,3,12,5,14,5,15,5,
2,13,2,11,2,23,1,4,3,
2,13,26,35,2,23,t,4,3,
9,18,12,25,2,23,1,4,3,
2,10,10,10,2,2,1,3,6,
2, 10,27,27,2,2, 1,3,6,
10,10,11,26,2,2,1,3,6,
2,18,2,35,24,27,1,4,3,
2,2,1,1,2,27,1,42,12,
3,3,1,1,2,27,1,42,13,
2,2,35,35,2,27,1,42,12,
3,3,35,35,2,27,1,42,13,
18,18,17,17,2,27,1,41,13,
18,18,18,19,2,27,1,41,12
18,18,20,20,2,27,1,41,13,
53*0
1/therm
0.5,1.0,0.5
1.0,100,1
1/therm/monItor/t
0
0,0,0
1/therm/q welghting factor
1.0,2,6,14,23,
0.9375,2*2,18,19,
0.75,2*3,2*17,
0.75,2*3,2*20-
0.555555556,2*4,2*16,
0.555555556,2*4,2*21,
0.5,2*5,2*19,
0.5,2*6,2*17,
0.5,2*6,2*20,
0.0,4*0
1/therm/group power -

475.5,2,6,14,23,
0.0,4*0
1/therm/re I act
4*0.0,17*1.0,5*0.0
1/therm/pqgen
0.0
1/therm/tcen
0,18.5
340.0,360.0,380.0,410.0,440.0,460.0,480.0,500.0,
510.0, 520.0,7*530.0,520.0, 510.0,500.0,480.0,
450.0,430.0,410.0,390.0,370.0
1/therm/tsl
0,0
331.9,331.9, 31.9,331.9,331.9, 331.9,331.9,331.9,331.9,351.9,331.9,331.9,
331.9,331.9,331.9,331.9,33129,331.9,331.9,331.9,331.9,331.9,331.9,331.9,
331.9, 331.9,331.9, 331.9, 331.9, 331 .9, 331.9, 331.9, 331 .9, 331.9,331.9,331.9,
331.*9,331.*9,
336.9,337.2,337.6,337.9,338.2,338.4,338.5,338.7,339.0,339.6,340.1,340.5,
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340.6,340.8,341.0,341.3,341.7,342.3,343. 1,344.1,345.2,346.4,347.2,347.9,
348.3,348.4,348.7,349.1,349.8,350.5,350.8,351.0,351.1,351.3,351.6,352.0,
352.4,352.9,
346.9,347.7,348.7,349.5,350.3,350.7,351.0,351.4,352.2,353.6,355.1,356.0,
356.5,356.8,357.3,358.1,359.1,360.6,362.6,365.0,367.8,370.8,373.0,374.8,
375.8,376.2,376.8,377.6,379.0,380.8,381.8,382.3,382.5,383.0,383.5,384.1,
385.3,386.8,
358.1,358.6,359.6,360.4,361.2,361.7,362.0,362.5,363.4,365.1,366.9,368.0,
368.6,368.9,369.7,370.8,372.3,374.4,377.0,379.7,382.8,385.7,387.8,389.5,
390.5,391.0,391.8,393.1,395.2,397.0,397.9,398.4,398.6,399.1,399.6,400.0,
400.5,400.9,
368.5,368.9,369.7,370.5,371.2,371.7,372.0,372.5,373.4,375.1,377.0,378.1,
378.8,379.2,380.0,381.3,383.0,385.3,388.0,390.7,393.5,395.9,397.6,399.0,
399.9,400.4,401.1,402.6,404.8,406.6,407.3,407.6,407.8,408.1,408.4,408.5,
408.2,407.5,
378.8,379.2,380.0,380.8,381.6,382.1,382.4,382.9,383.8,385.5,387,5,388.7,
389.3,389.7,390.5,391.9,393.5,395.7,398.2,400.7,403.1,405.2,406.7,408.0,
408.8,409.2,409.8,410.9,412.7,414.1,414.6,414.9,415.0,415.3,415.5,415.5,
415.3,415.0,
389.7,390.2,391.1,391.9,392.7,393.2,393.5,394.0,394.9,396.7,398.6,399.7,
400.4,400.8,401.5,402.7,404.1,406.1,408.3,410.3,412.4,414.1,415.3,416.3,
416.9,417.2,417.7,418.5,419.9,420.9,421.3,421.5,421.6,421.8,422.0,422.1,
422.0,421.9,
401.2,401.6,402.4,403.1,403.8,404.3,404.6,405.0,405.8,407.4,409.1,410.1,
410.6,411.0,411.7,412.7,414.0,415.7,417.5,419.2,420.8,422.2,423.2,423.9,
424.4,424.6,425.0,425.6,426.5,427.3,427.6,427.7,427.8,428.0,428.2,428.3,
428.5,428.5,
411.8,412.2,412.8,413.5,414.1,414.6,414.8,415.2,415.9,417.2,418.7,419.5,
420.0,420.3,420.9,421.7,422.8,424.1,425.6,426.9,428.2,429.3,430.0,430.5,
430.9,431.0,431.3,431.7,432.4,432.9,433.2,433.3,433.4,433.5,433.7,433.8,
434.0,434.0,
420.8,421.2,421.9,422.5,423.1,423.5,423.7,424.1,424.7,426.0,427.2,427.9,
428.3,428.5,429.0,429.7,430.5,431.5,432.6,433.6,434.5,435.2,435.7,436.1,
436.3,436.5,436.6,437.0,437.4,437.8,438.0,438.1,438.1,438.2,438.4,438.5,
438.5,438.6,
429.8,430.1,430.5,430.9,431.3,431.6,431.8,432.0,432.5,433.4,434.3,434.9,
435.2,435.4,435.7,436.3,436.9,437.7,438.6,439.3,440.0,440.6,441.0,441.2,
441.4,441.5,441.6,441.9,442.2,442.5,442.6,442.7,442.7,442.8,442.9,442.9,
443.0,443.1,
436.7,436.9,437.3,437.6,437.9,438.2,438.3,438.5,438.8,439.6,440.3,440.7,
440.9,441.1,441.4,441.8,442.3,442.9,443.6,444.2,444.7,445.1,445.4,445.6,
445.7,445.8,445.8,446.0,446.2,446.4,446.5,446.5,446.6,446.6,446.7,446.7,
446.8,446.8,
441.3,441.6,442.0,442.4,442.7,442.9,443.1,443.3,443.7,444.4,445.1,445.4,
445.6,445.8,446.0,446.4,446.8,447.2,447.7,448.1,448.5,448.7,448.9,449.0,
449.1,449.1,449.2,449.3,449.4,449.5,449.6,449.6,449.6,449.6,449.6,449.7,
449.7,449.7,
445.1,445.3,445.7,446.0,446.3,446.5,446.7,446.8,447.2,447.9,448.5,448.8,
449.0,449.1,449.3,449.7,450.0,450.4,450.8,451.1,451.3,451.5,451.6,451.7,
451.7,451.7,451.8,451.8,451.9,452.0,452.0,452.0,452.0,452.1,452.1,452.1,
452.1,452.1,
446.9,447.2,447.7,448.2,448.6,448.9,449.0,449.2,449.7,450.5,451.2,451.6,
451.8,451.9,452.1,452.4,452.6,452.9,453.2,453.3,453.4,453.5,453.5,453.5,
453.6,453.6,453.6,453.7,453.8,453.9,453.9,453.9,454.0,454.0,454.0,454.1,
454.1,454.1,
448.9,449.1,449.5,449.8,450.1,450.4,450.5,450.7,451.0,451.7,452.3,452.7,
452.8,452.9,453.2,453.5,453.8,454.2,454.6,454.8,455.1,455.2,455.3,455.4,
455.4,455.5,455.5,455.5,455.7,455.7,455.8,455.8,455.8,455.9,455.9,455.9,
456.0,456.0,
448.8,449.0,449.5,449.8,450.2,450.5,450.6,450.8,451.2,451.9,452.7,453.0,
453.2,453.4,453.6,454.0,454.3,454.8,455.2,455.5,455.8,456.0,456.1,456.2,
456.3,456.3,456.3,456.4,456.6,456.7,456.8,456.8,456.8,456.8,456.9,456.9,
457.0,457.0,
446.9,447.3,447.9,448.5,449.0,449.3,449.S,449.8,450.3,451.2,452.1,452.6,
452.8,453.0,453.2,453.6,454.0,454.4,454.8,455.1,455.3,455.5,455.6,455.7,
455.8,455.8,455.9,456.0,456.2,456.4,456.5,456.5,456.5,456.6,456.7,456.8,
456.8,456.9,
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445.6,445.9,446.3,446.8,447.2,447.5,447.6,447.9,448.3,449.1,449.9,450.4,
450.6,450.8,451.0,451.4,451.9,452.4,452.9,453.3,453.6,453.9,454.1,454.2,
454.3,454.4,454.4,454.6,454.8,455.0,455.1,455.2,455.2,455.2,455.3,455.4,
455.5,455.6,
442.8,443.0,443.4,443.9,444.3,444.5,444.7,444.9,445.3,446.2,447.0,447.4,
447.6,447.8,448.0,448.5,448.9,449.5,450.0,450.5,450.9,451.2,451.4,451.6,
451.7,451.7,451.8,452.0,452.2,452.5,452.6,452.7,452.7,452.8,452.9,453.0,
453.1,453.2,
438.7,439.0,439.5,440.0,440.4,440.7,440.9,441.1,441.6,442.5,443.3,443.8,
444.0,444.2,444.5,444.9,445.4,445.9,446.5,446.9,447.3,447.6,447.8,448.0,
448.1,448.2,448.3,448.5,448.8,449.1,449.3,449.4,449.4,449.5,449.7,449.8,
449.9,450.0,
434.1,434.5,435.1,435.6,436.1,436.4,436.6,436.9,437.4,438.3,439.3,439.8,
440.0,440.2,440.5,440.9,441.4,441.9,442.4,442.9,443.3,443.6,443.8,444.0,
444.1,444.2,444.3,444.6,445.0,445.4,445.6,445.6,445.7,445.8,446.0,446.1,
446.3,446.3,
430.0,430.4,430.9,431.4,431,8,432.1,432.3,432.6,433.0,434.0,434.9,435.4,
435.6,435.8,436.1,436.6,437.1,437.7,438.3,438.9,439.4,439.8,440.0,440.3,
440.4,440.5,440.6,440.8,441.2,441.6,441.8,441.8,441.9,442.0,442.2,442.3,
442.4,442.5,
425.8,426.1,426.5,427.0,427.4,427.7,427.8,428.1,428.5,429.4,430.3,430.8,
431.0,43t.2,431.5,432.0,432.5,433.2,433.9,434.6,435.1,435.6,436.0,436.2,
436.4,436.5,436.6,436.8,437.2,437.5,437.6,437.7,437.8,437.9,438.0,438.1,
438.3,438.3,
418.1,418.3,418.7,419.1,419.4,419.7,419.8,420.0,420.5,421.2,422.1,422.5,
422.8,422.9,423.2,423.7,424.3,425.0,425.8,426.5,427.2,427.8,428.2,428.5,
428.7,428.8,428.9,429.1,429.4,429.6,429.7,429.8,429.8,429.9,430.0,430.1,
430.2,430.3,
404.1,404.3,404.6,404.9,405.2,405.4,405.5,405.7,406.0,406.6,407.3,407.7,
407.9,408.0,408.2,408.5,408.8,409.3,409.9,410.6,411.3,412.0,412.5,412.8,
412.9,413.0,413.0,413.1,413.0,413.0,413.0,413.0,413.0,413.0,413.0,413.2,
413.3,413.6,
392.4,392.4,392.5,392.6,392.7,392.7,392.7,392.8,392.9,393.0,393.2,393.3,
393.3,393.4,393.4,393.5,393.6,393.7,393.9,394.1,394.2,394.4,394.5,394.6,
394.6,394.7,394.7,394.7,394.7,394.7,394.7,394.7,394.7,394.7,394.7,394.7,
394.8,394.8,
388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,
388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,
388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,388.6,
388.6,388.6

1/them/delta
0
2,8,12,25
4*0.0,6*-1.0,6*-2.0,6*-1.0,4*0.0
1/rebt
0.6e+4,8,1
I/props

0.0,0.0,0.0,-0.-0, 0.0
0.0,0.0,0.0,0.0,0.0
0.0,0.0,0.0,0.0,0.0
1/props/cconO,cconl,ccon3
0
1/props/specs def. 01 Isotroprc and 11 parallel
0
1/props/specs def. 21 series
0
1/props/Index
0,0
I/tsIde
0,273.0,1.0
1/tsIde/monitor/ts
0
0,0,0
1/tside/delta
0
26*0.0
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I /radc
0
l/radc/Index
6
22,1,14,1,1,1
22,1,14,1,2,1
22,1,26,2,3,2
22,1,34,3,4,3
22,1,34,3,5,3
22,1,48,4,6,4
1/radc/kce 11
22,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23
l/radc/Icel I
14,2,3,4,5,6,7,8,7,6,5,4,3,2,1
26,12*8,7,12*6,7
34,2,3,4,5,6,7,8,9,10,11,12,13,13,

12,11,10,9,8,7,6,5,4,3,2,10*1
48,9,10,11,12,13,14,15,16,17,18,4*19,18,17,16,15,14,13,12,11,10,9,24*8
I/radc/jcel I
14,6*12,13,6*14,13
14,6*25,24,6*23,24
26,13,14,15,16,17,18,19,20,21,22,23,24,25,

24,23,22,21,20,19,18,17,16,15,14,13,12
34,1,1,2,3,4,5,6,7,8,9,10,11,12*12,11,10,9,8,7,6,5,4,3,2
34,36,36,35,34,33,32,31,30,29,28,27,26,12*25,

26,27,28,29,30,31,32,33,34,35
48,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,

25,26,27,28,29,30,30,29,28,27,26,25,24,23,22,21,20,
19,18,17,16,15,14,13,12,11,10,9,8,7

O/radc/h
14
-. 305740835250872e-11, .433074061281024e-13, .42339521342211Se-14,

.901881524921650e-15, .122044373354938e-14, .102809682969625e-14,

.229463124769829e-14,0. , .5337087521434519-14,

.461077857744347e-14, .208065090565161e-13, .2760947464873179-12,

.269757281926779e-11,0. ,

.433074061281028e-13,-.310919576769426e-11, .3669408853511569-13,

.4091316272489989-14, .159036080507495e-14, .8517081376063180-15,

.166238650327840e-14,0. , .782471783945783e-14,

.205726277762172e-13, .2431806909314649-12, .247622299843552e-11,

.273197466330011.--12,0.

.423395213422121e-14, .366940885351158e-13,-.234735607657558e-11,

.312103840006464e-13, .6988105503123569-14, .213017652506502e-14,

.345271401024702e-14,0. , .343711640941815e-13,

.214707967576428e-12, .174982968323305e-11, .243200896969272e-12,

.205369439941953e-13,0. 9

.901881524921650e-15, .409131627248998e-14, .312103840006466e-13,
-. 158156505887454e-11, .319793258891867e13, .689175703720984e-14,
.872210185397922a-14,O. , .213216743404340e-12,
.104486750789394e-11, .214646842923142e-12, .205521520153519e-13,
.448504605933250e-14,0.
.122044373354939e-14, .159036080507496e-14, .6988105503123619-14,
.319793258891869e-13,-.155250202161294e-11, .442178224430381e-13,
.496892066000635e-13,0. , .115025703588455e-11,
.217517861076518e-12, .353142413897738e-13, .817588388870102e-14,
.555173439937348e-14,0. ,
.102809682969625e-14, .851708137606318e-15, .2130176525065029-14,
.689175703720964e-14, .442178224430381e-13,-.389770882580518e-12,
.569252487399381e-13,0. , .225577476322775e-12,
.334927352465426e13, .101766762258959e-13, .398208555310054e-14,
.449709951965845e-14,0.
.229463124769830e-14, .166238650327840e-14, .345271401024704e-14,
.872210185397922e-14, .496892066000625a-13, .569252487399393e-13,

-. 400163175973121e-12,0. , .202611506199023e-12,
.4160266867012730-13, .157381378112684e-13, .752382282905821e-14,
.994075150846041e-14,0.

O0 ,0. ,0.

B.6



0. 0. Do. 9
0. ,0. Po.
0. PO. w

.533708752143454e-14, .782471783945788e-14, .343711640941817e-13,

.21321674340434le-12, .115025703588456e-11, .2255774763227789-12,

.202611506199024e-12,0. ,-.283471197614769e-11,

.773150105230467e-12, .1641498516257599-12, .351531779544003e-13,

.230631100712685e-13,0. v

.461077857744352e-14, .205726277762173e-13, .214707967576430e-12,

.104486750789394.-11, .217517861076520e-12, .334927352465430e-13,

.416026686701279e-13,0. , .773150105230467e-12,

.325286630225195e-11, .78009607299798le-12, .1019 18750242792e-12,

.203292269634948e-13,0.

.208065090565162e-13, .243180690931462e-12, .174982968323305e-11,

.214646842923142e-12, .353142413897734e-13, .101766762258959e-13,

.157381378112682e-13,0. , .164149851625755e-12,

.780096072997968e-12,-.425280974869764e-11, .917697337140546e-12,

.101173705362127e-12,0. 0

.276094746487317e-12, .247622299843552e-11, .243200896969270e-12,

.205521520153519e-13, .817588388870097e-14, .3982085553100570-14,
.752382282905821e-14,0. , .3515317795440019-13,
.10191875024279le-12, .917697337140539e-12,-.515464866700936e-11,
.106412681549391e-11,0. ,
.269757281926780e-11, .2731974663300119-12, .20536943994195ie-13,
.448504605933252e-14, .55517343993735le-14, .449709951965850e-14,
.994075150846041e-14,0. , .230631100712684e-13,
.203292269634946e-13, .101173705362126e-12, .106412681549391e-11,
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.185321373329237e-12, .312858786519156e-12, .576654760509093e-12,
.909767119927936e-12, .47407237671633le-12, .218341123503544e-12,
0. ,0o. ,0.
O. ,0. , .508141514816263e-13,

.380634804643666e-13, .161333711252037e-12, .182740536796730e-12,

.303211019312128e-12, .418725817291483e-12, .397457465501386e-12,
0. ,o. ,0.
0. ,0. ,0.
O. ,o. ,o.

.611093763864666e- 12, .636719428692663e-12, .488549481636286e- 12,
-. 512969403789899e-11, .34488821812076le-12, .9122579292621669-13,

.12918745493532le-12, .219260323528774e-12, .40757280219B6738-12,

.647266341924339e-12, .333515066230177e-12, .149569941940626e-12,
0. 0o. o.
0. 0. , *400934657209677e-13,

.300397318880575e-13, .126263153142694e-12, .138472901876829e-12,
.215084832187516e-12, .272174594313687e-12, .248716742770827e-12,

O, ,O. ,O.
O. ,0. ,o.
O. ,0. P0o
0. p

.616556259319955e-12, .646430540249604e-12, .499960791371506e-12,
.344888218120763e-12,-.530283535505320e-11, .94890883578238le-13,
.134925561487545e-12, .230502528429590e-12, .433426815669952e-12,
.697516136189261e-12, .357183214850430e-12, .155669644847424e-12,

O,0. ,0. PO A
O. ,0. , .475543836795470e-13,
.353999268369724e-13, .145340656979160e-12, .151218800427405e-12,
.218504196942071e-12, .259045832215962e-12, .233820963857796e-12,

O. ,0. ,o.D
O. ,o. ,0.
O. ,0D. ,0.D
0.

.160731674013294e-12, .169221656741241e-12, .131321733385997,12,

.912257929262149e-13, .948908835782369e-13,-.147724661159145e-11,
.359811086428171e-13, .617907288339404e-13, .117322471835282e-12,
.191316476680767e-12, .978544807721384e-13, .417351588009125e-13,

O,0. O*0.0
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o. ,O. , .1383387660005129-13,
.102080603356376e-13, .408971985403303e-13, .4067702126108609-13,
.559712978915867e-13, .642201374648274e-13, .580468532871026e-13,
0. ,0. ,0.
O. .O* ,O.
O. ,O. 0.*
O. 9

.226121166870602e-12, .238525262947628e-12, .1853213733292359-12,

.129187454935320e-12, .134925561487545e-12, .359811086428171. -13,
-. 208296653160696e-l1, .8819010032769639-13, .168443517028828-12,

.277165728713820e-12, .141923783980043e-12, .597865119889733e-13,
O. ,O. 0. 0
O. ,O. , .205778780755784e-13,

.150799810901469e-13, .594185546795644e-13, .575550571096824e-13,

.773623977320284e-13, .877598297778925e-13, .796412628896762,-13,
O ,0 0.
O O,. ,0.
O. ,0. ,0.
0.

.380241989759037e-12, .402196071272883e-12, .312858786519156e-12,

.219260323528774e-12, .2305025284295950-12, .617907288339404e-13,

.881901003276959e-13,-.349414918239368e-11, .2928848426201279-12,

.4906087211571219e-12, .252492681903080e-12, .1041163278357719-12,
0. ,0. ,0. l
0. ,0. , .376045083647415e-13,

.271639155960579e-13, .103766030244092e-12, .961942674948036e-13,

.12514185068472ie-12, .1404301148348069-12, .1287053929874829-12,
O. '0. 'O.
O. ,0. ,O.
O, P0. ,0.
O. ,

.698530066392772e-12, .7414940247113679-12, .5766547605090939-12,

.4075728021986759-12, .4334268156699529-12, .1173224718352849-12,

.168443517028830e-12, .292884842620127e-12,-.633119495491511-i11,

.100406167495110e-11, .530349669636144e-12, .2094948197903099-12,
O. ,o. ,0. .
0. ,0. , .7692652243060519-13,

.5363717371653799-13, .192395472525928e-12, .165855145366992e-12,

.207877604830313e-12, .2339950490160269-12, .2202725216851279-12,
O ,0. 'O.
O, ,0. P0.
O Poo ,O
0. A
.111339583920652.-11, .118202076325390a-11, .909767119927936e-12,
.647266341924332e-12, .6975161361892579-12, .1913164766807689-12,
.277165728713820.-12, .490608721157114 -12, .100406167495111.-11,

-. 972103025101693.-11, .121616242073936e-11, .463008242624652e-12,
O ,O. ,0.
O. ,0. , .112432783708199e-12,

.743986891759134e-13, .2495994002473499-12, .205639291693312e-12,

.261523968714855e-12, .312351677504955e-12, .312794974603358e-12,
O. ,0. ,O.
O , O. o. IO.
O. ,0. ,0.
O. p

.602414922737251.-12, .6330926296642909-12, .474072376716334e-12,

.333515066230173e-12, .357183214850430e-12, .978544807721368e-13,

.141923783980043e-12, .252492681903080e-12, .530349669636144e-12,

.121616242073936e-i1,-.582901532184008e-11, .5640322822038669-12,
O. ,0. ,0.
0. ,o. , .3749418671792609-13,

.249983975378804e-13, .867508356796064e-13, .768632316793853e-13,

.106946338664554e-12, .140946866803213e-12, .151921935324765S-12,
O. ,0. ,0.
0. Po. Po.
0. ,0. ,0.
0.
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.291755277545450e-12, .301690921615157e-12, .218341123503544e-12,

.149569941940625e-12, .155669644847423e-12, .417351588009135e-13,

.597865119889729e-13, .104116327835769e-12, .209494819790308e-12,

.463008242624645e-12, . 564032282203862e-12, -. 280692420833285.-11,
O. ,0. ,0.
0. Do. , .112384018274844e-13,

.779863206914614e-14, .289807430428175e-13, .2808163136634339-13,

.423716618785397e-13, .603448437522015e-13, .689080416997507e-13,
0. ,O. ,o.
0. ,O. ,0.
0. ,0. ,0.
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O0 'o. ,0.
O. O. O. 3

O *O. ,O.
o0 *o. o. f
O. 0
.518835557226950e-13, .6000458830548129-13, .5081415148162619-13,
.400934657209679.-13, .475543836795468e-13, .1383387660005109-13,
.205778780755780e-13, .376045083647407e-13, .769265224306043e-13,
.112432783708200e-12, .374941867179256a-13, .112384018274843e-13,

O. ,0. ,O.
0. ,0. ,-.602745363641953e-12,
.151383724728895e-14, .577379765860286e-14, .563385730745818e-14,
.822884274114010e-14, .107570192919803e-13, .1037970676058019-13,
0. ,0. ,0.
0. ,O. ,0.
O 'O. ,O.
O. ,
.384179288948994.-13, .445950545603196e-13, .3806348046436609-13,
.300397318880569e-13, .3539992683697229-13, .1020806033563759-13,
.150799810901469e-13, .271639155960574e-13, .5363717371653759-13,
.743986891759134e-13, .249983975378807e-13, .779863206914614e-14,

O ,0. ,O. I
o. ,o. , .1513837247288949-14,
-.430974612375157e-12, .414158909116077e-14, .407296183265545e-14,
.598851443996377e-14, .786618571572827e-14, .759055188239432e-14,

O 'O. 'O. I

0. ,0. Po.
O ,0. 'O.
0. 0
.160340174522509e-12, .1869856988230829-12, .1613337112520359-12,
.126263153142694e-12, .145340656979160e-12, .408971985403305e-13,
.594185546795640e-13, .103766030244092e-12, .192395472525927e-12,
.249599400247350-12, .867508356796060e-13, .289807430428173e-13,

O. ,O. ,O.
0. ,0. , .577379765860286e-14,
.414158909116077e-14,-.165453781488300e-11, .160500319598259e-13,
.239348621867970e-13, .318094412374463e-13, .307564630700124a-13,

0. ,0. ,O.
O. ,0. ,0.
O ,O. ,O.
0. I
.181689438823761e-12, .2114362339342709-12, .1827405367967289-12,
.138472901876829e-12, .151218800427404e-12, .406770212610860e-13,
.575550571096824e-13, .961942674948019e-13, .165855145366990e-12,
.205639291693312e-12, .768632316793849e-13, .280816313663431e-13,

O too0. ,O.
0. ,0. , .563385730745818e-14,
.407296183265550e-14, .160500319598258e-13,-.165421727941128e-Il,
.250033718475786e-13, .3395445922431239-13, .330790394088577e-13,

0. ,0o. ,0. S
O POO. ,0.
0 O. ,0. O
0. I
.3190155990184i0e-12, .361136990208705e-12, .303211019312126e-12,
.2150848321875179-12, .218504196942073e-12, .5597129789158649-13,
.773623977320272e-13, .125S41850684720e-12, .2078776048303139-12,
.261523968714858e-12, .106946338664554e-12, .423716618785397e-13,

O. ,O. O.
O. ,0. , .822884274114020e-14,
.598851443996384e-14, .239348621867972e-13, .250033718475788e-13,

-.246674631002002e-11, .548877301946390e-13, .545552305445836a-13,
0 *DO. to. ,
0. ,0o. 'O. J
O. ,0. ,0.
0. 3
.5109758943224119-12, .533551185389359e-12, .418725817291485e-12,
.272174594313687e-12, .259045832215962e-12, .6422013746482789-13,
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.877598297778933e-13, .140430114834805e-12, .233995049016026e-12,

.312351677504955e-12, .140946866803214e-12, .603448437522015e-13,
0. ,o. ,0.
0. ,0. , .107570192919804e-13,
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0. 9
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*248716742770829e-12, .233820963857795e-12, .580468532871022e-13,
.796412628896749e-13, .128705392987481e-12, .220272521685125e-12,
.312794974603361e-12, .151921935324765e-12, .689080416997507e-13,

O ,o. ,o.
0. ,0. , .103797067605802e-13,
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0. Po. Os

o. O. O.

o O. * '00
o. 'o. ,o.
o. O * Poe
0. 9
48
_.283768714499962e-11, .501434367017878e-12, .347531189854810e-12,
.136142593687680e-12, .636712138440237e-13, .355250591229692e-13,
.243855797881652e-13, .882368891094797e-13, .812162680017691e-13,
.113344921189522e-12, .173938076454452e-12, .143127059199456e-12,
.12060092382082le-12, .104516893944282e-12, .103127169874699e-12,
.708057561068331e-t3, .731374032163476e-13, .193902329974359e-13,
.275306025838114e-13, .470167619366012e-13, .891008126257433e-13,
.151721309367715e-12, .897907935836135e-13, .473519364115114e-13,

O,0 t 0 .
O ,0. , .328366521480854e-14,
.234833103659141e-14, .910635048975192e-14, .915897486211307e-14,
.13887915742905le-13, .1900847965721769-13, .199961073447171e-13,
.21498796181903le-13, .235941960667170e-13, .197530985224426e-13,
.147370039878902e-13, .167465972382263e-13, .479303520325958e-14,
.713077971144481e-14,0. ,O.

O. P0. o0o
.501434367017878e-12,-.595616645266742e-11, .982140077762946e-12,
.382003194775085e-12, .170792324600879e-12, .929466896835323e-13,
.628450201413485e-13, .221225839746798e-12, .1958870692400580-12,
.2630465275813079-12, .377010159042198e-12, .306739698107655e-12,
.254473448078206e-12, .217047538593937e-12, .207947225270025e-12,
.141353627384771e-12, .144915356070402e-12, .382456914451435e-13,
.541822255069696e-13, .922192637766488e-13, .173744467399265e-12,
.293006062228130e-12, .171644979972514e-12, .897907935833736e-13,
0. ,0. ,0.
O. Do. , .7090762760304959-14,
.509290537542464e-14, .199308818188546e-13, .203590452691413e-13,
.315406990895576e-13, .446724763551499e-13, .491984090426847e-13,
.560211831434102e-13, .664837598228700e-13, .611678835203410e-13,
.498655564648874e-13, .620007253740136e-13, .189174756123706e-13,
.291830420090328e-13,0. ,O.

O. 0. 0o.
.34753118985481Oe-12, .982140077762940e-12,-.101505050585184e-10,
.732519914614799e-12, .3412817675058269-12, .1877244175540349-12,
.127418093075227e-12, .449659130665813e-12, .396863803337762e-12,
.526969517488588e-12, .719292051777277e-12, .587884684672229e-12,
.483722066216972e-12, .407128797469039e-12, .376907355026080e-12,
.25353361-3337517e-12, .257817847527699e-12, .677024732564584e-13,
.956780239325912e-13, .162228205941032e-12, .303624175017342e-12,
.506341223156050e-12, .293006062227899e-12, .151721309368067e-12,

O. to. DO.
0. 0. , .140418177506150e-13,
.101340006902795e-13, .400643536648247e-13, .416293161763377e-13,
.660225329619987e-13, .970324972656566e-13, .112265473164708e-12,
.136039533060733e-12, .175648869066447e-12, .177756982352799e-12,
.156287171412434e-12, .204363506416115e-12, .632835825750670e-13,
.972396211745626e-13,0. ,O.

O. ,0. O
.136142593687679e-12, .382003194775079e-12, .732519914614790e-12,
.650248506975525e-11, .198815737003226e-12, .112143864762534e-12,
.77121894404963le-13, .277664689388953e-12, .250518140656737e-12,
.337296534406880e-12, .453251545547932e-12, .377418787700856e-12,
.311479342899596e-12, .260841711262670e-12, .234876327714825e-12,
.156792460970941e-12, .158444350909440e-12, .414409776060394e-13,
.584478237720629e-13, .987910033825483e-13, .183861527798178e-12,
.303624175017478e-12, .173744467399135e-12, .891008126257861e-13,
0. ,0. ,0. 9
0. ,O. , .941767142073713e-14,
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.682330589496287e-14, .271996246893365S-13, .286559505851867e-13,

.463219453316239e-13, .701715280523594e-13, .845601253991254e-13,

.1077423795244239-12, .147482477291582e-12, .155069487311667e-12,

.134779396942803e-12, .163918720956413e-12, .466396788281187e-13,

.673608992184815e-13,0. ,0.
O ,0. ,0.

.636712138440233e-13, .170792324600877e-12, .341281767505826e-12,

.198815737003227e-12,-.354576904322865e-1l, .573102304276595e-13,

.397477402903761e-13, .145149222351390e-12, .1332952310684459-12,

.182070457908026e-12, .245033641327173e-12, .207107443970573e-12,

.171975531402320e-12, .144121524280178e-12, .128020629386179e-12,

.851683860499730e-13, .8580309040064789-13, .223960878631175e-13,
,3155415284619509-13, .532450318379370e-13, .987910033825451e-13,
.162228205940822e-12, .922192637768669e-13, .470167619366002e-13.
0. ,0. ,0.
0. ,0. , .5330911456432769-14,

.387054917181687e-14, .1549876575553769-13, .164524749105185e-13,

.268755726956658e-13, .414012891321101 9-13, .5101060840520299-13,

.66615633383096le-13, .928130573542754e-13, .961343115334124e-13,

.7913601756299539-13, .881372314635551e-13, .233234953630773e-13,

.3235444563994509- 13,0. ,0.
0 ,o. ,0. o

.355250591229692e-13, .9294668968353239-13, .187724417554035e-12,

.112143864762536e-12, .573102304276591e-13,-.210143450391547s-1 1,

.228003819559311e-13, .839064939624848e-13, .778341341967696e-13,

.107262033074717e-12, .144831518085834e-12, .123496033082936e-12,

.103021503399833e-12, .8647374414716759-13, .762943515464832e-13,

.506755188669057e-13, .509754990289563e-13, .132915397356647e-13,

.187163457356215e-13, .3155415284619529-13, .584478237720629-i13,

.956780239327124e-13, .541822255068464e-13, .275306025838182e-13,
0. ,0. ,0.
0. ,O. , .324098070693733e-14,

.235588553997247e-14, .945711593471567e-14, .100810861755485e-13,

.165637591478448e-13, .257535909582088e-13, .321095018641309e-13,

.424124181017271.-13, .592210976083325e-13, .599921780429108e-13,

.473438376613140e-13, .500640356065230e-13, .127813471413498e-13,

.1743548241427229-13,0. ,0.
0. ,0. ,0.

.243855797881655e-13, .628450201413477e-13, .127418093075228e-12,

.771218944049635e-13, .397477402903765e-13, .228003819559310e-13,
-. 148665274376099e-11, .584906403384865e-13, .546010250549168e-13,

.756801696801006e-13, .102481798615691e-12, .878715003165939e-13,

.735484404869804e-13, .6182592956788819-13, .543304434463117.-13,

.3605468183338649-13, .3623562940347259-13, .944224454276214e-14,

.1329153973566369-13, .223960878631165e-13, .414409776060340e-13,

.677024732564285e-13, .3824569144517229-13, .1939023299749629-13,
0. P0. ,0.
0. ,0. , .2336686243639259-14,

.169980848541009e-14, .6834260884154349-14, .7304579190565699-14,

.120463382722419e-13, .1883998474290839-13, .236610006042802e-13,

.314439062779444e-13, .438223029447882-i13, .435611779950232e-13,

.333830909250047e-13, .342156938754487e-13, .8566271940287349-14,

.115894255326758e-13,0. ,0.
O ,0. ,0.D

.8823688910948019-13, .2212258397467989-12, .449659130665816e-12,

.2776646893889579-12, .1451492223513909-12, .839064939624852e-13,

.584906403384869e- 13,-.544363326287433e-11, .203325529725963.- 12,

.285093643313233e-12, .389030246178475e-12, .337024284754719e-12,

.284276806119012e-12, .239979960688948e-12, .2093792986916569-12,

.138745956581378e-12, .139220267768049e-12, .362356294034800e-13,
.509754990289595e-13, .858030904004249e-13, .158444350909580e-12,
.257817847527649e-12, .144915356070567e-12, .731374032162902e-13,

O. ,0. ,O.
o. ,0. , .922678874486286e-14,

.672205462270877e-14, .271136497353740e-13, .2913656822941999-13,
.484133788069167e-13, .766124488915277e-13, .975479393528443e-13,
.13074810521832le-12, .1798395206051389-12, .170329599707659e-12,
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.122913447590613e-12, .119415737010565e-12, .290298852958475e-13,

.388460631206903e-13,0. ,0.
00.0. ,0.
.812162680017691e-13, .195887069240055e-12, .3968638033377659-12,
.250518140656742e-12, .133295231068446e-12, .778341341967700e-13,
.546010250549166e-13, .203325529725963e-12,-.527187644718960e-11,
.272959152865463e-12, .378863821196362e-12, .332032627982720e-12,
.284220246979461e-12, .242270051470308e-12, .209411548313865e-12,
.138554795844615e-12, .138745956581367e-12, .3605468183350808-13,
.5067551886690189-13, .85168386050086le-13, .156792460970824e-12,
.253533613337535e-12, .141353627384750e-12, .708057561068218e-13,

O. Po. ,0.
O. 0. , .958180975927728e-14,
.699739925140400e-14, .283690556034663e-13, .307487698815539e-13,
.517023964928797e-13, .832969373721042e-13, .108017929109080e-12,
.145264645404658e-12, .191995314909245e-12, .1662641170351069-12,
.109793132211715e-12, .100000972518921e-12, .235874863167280e-13,
.312730342564750e-13,0. ,0.
0. ,0. ,0.
.113344921189521e-12, .263046527581304e-12, .526969517488591e-12,
.337296534406882e-12, .182070457908024e-12, .107262033074717e-12,
.756801696800998e-13, .285093643313233e-12, .272959152865460e-12,
-.753513164915916e-11, .558912170086514e-12, .481125052560779e-12,
.424495905180237e-12, .369082616224240e-12, .316628903184579e-12,
.209411548313870e-12, .209379298691535e-12, .543304434463250e-13,
.762943515464808e-13, .128020629386180e-12, .234876327714948e-12,
.376907355025972e-12, .207947225270044e-12, .103127169874742e-12,

O. ,0. ,0.
O. 0. , .151874625566079e-13,
.111255821420458e-13, .454068455768523e-13, .497656265001775e-13,
.B49437099259908e-13, .139720836879299e-12, .183771823833285e-12,
.242629346405645e-12, .295821328754367e-12, .227914818096542e-12,
.138470804796757.-12, .120800377288303e-12, .281068068235564e-13,
.372043255653371e-13,0. ,0.

O. ,o. ,0.
.173938076454452e-12, .377010159042198e-12, .719292051777280e-12,
.453251545547932e-12, .245033641327174e-12, .144831518085834e-12,
.102481798615691e-12, .389030246178475e-12, .378863821196359e-12,
.558912170086514e-12,-.939185489616102e-11, .604136791511056e-12,
.547810898782119e-12, .477725443762617e-12, .369082616224235e-12,
.242270051470311e-12, .239979960688877e-12, .618259295679062e-13,
.864737441471041-13, .1441215242801749-12, .260841711262669e-12,
.407128797469055e-12, .217047538593946e-12, .1045t6893944303e-12,
0. ,0. ,O.
O. ,0. , .1784975902872B3e-13,
.131855169658087e-13, .547940603163269e-13, .6190t3243545090e-13,
.110136142555095e-12, .192090556332038e-12, .264622044282521e-12,
.344986688998099e-12, .385192382335485e-12, .269856086333216e-12,
.157757023743059e-12, .137845254824825e-12, .325250265698687e-13,
.435060995049726e-13,0. ,0.

0. o. Do.
.143127059199456e-12, .306739698107653e-12, .587884684672229e-12,
.377418787700862e-12, .207107443970573e-12, .123496033082936e-12,
.878715003165930e-13, .337024284754717e-12, .332032627982718e-12,
.481125052560779e-12, .604136791511056e-12,-.940495670466635e-11,
.597757599111700e-12, .547810898782122e-12, .424495905180241e-12,
.28422024697946le-12, .2842768061189979-12, .735484404870039e-13,
.103021503399829e-12, .171975531402369e-12, .311479342899358e-12,
.483722066217127e-12, .254473448078215e-12, .120600923820835e-12,

O. ,o. ,o.
O. ,0. , .231431440515834e-13,
.1718863979.58872e-13, .722651702709657e-13, .831627856669575e-13,
.151006770770821e-12, .264962711834749e-12, .343237389345124e-12,
.381226910056109e-12, .345276786033354e-12, .208886223769413e-12,
.115397212000046e-12, .991923191558856e-13, .2336560094619199-13,
.312983646323696e-13,0. ,0.

0. Po. ,0.
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.12060092382082 1e- 12, .254473448078204-i12, .483722066216972e-12,

.311479342899601e-12, .1719755314023199-12, .1030215033998349-12,
.735484404869808e-13, .2842768061190129-12, .284220246979462e-12,
.424495905180239e-12, .5478108987821199-12, .5977575991117069-12,

-. 940495670466635.-l1, .604136791511046e-12, .481125052560747e-12,
.3320326279826949-12, .3370242847547009-12, .8787150031661779-13,
.123496033082934e-12, .207107443970624e-12, .377418787700859e-12,
.587884684672073e-12, .306739698107637e-12, .143127059199457e-12,
0. ,0. ,0.
0. ,0. , .312983646323692e-13,

.233656009461738e-13, .991923191558985e-13, .1153972120000489-12,
.208886223769407e-12, .345276786033364e-12, .381226910056108e-12,
.343237389345121e-12, .264962711834744e-12, .151006770770822e-12,
.831627856669547e-13, .722651702709883e-13, .171886397958669a-13,
.231431440515834e-13,0. ,0.

O. ,0. ,0.
.104516893944282e-12, .217047538593935e-12, .407128797469044.-12,
.2608417112626749-12, .144121524280178e-12, .864737441471671e-13,
.6182592956788859-13, .239979960688948e-12, .242270051470306e-12,
.369082616224241e-12, .477725443762614e-12, .547810898782122e-12,
.604136791511043e-12,-.939185489616112e-11, .558912170086507e-12,
.378863821196367e-12, .389030246178421,-12, .102481798615748e-12,
.1448315180858359-12, .2450336413271369-12, .453251545547969e-12,
.719292051777287.-12, .377010159042290e-12, .173938076454442e-12,

O. ,0. ,0.
0. ,0. , .4350609950497269-13,

.325250265698899e-13, .1378452548248019-12, .157757023743064e-12,
.269856086333212e-12, .385192382335487e-12, .344986688998102e-12,
.264622044282521e-12, .192090556332039e-12, .110136142555118ie-12,
.619013243545070e-13, .5479406031629109-13, .1318551696584689-13,
.178497590287282e-13,0. ,0:

O. 'O. go. v
.103127169874698e-12, .2079472252700279-12, .376907355026085e-12,
.234876327714825e-12, .1280206293861799-12, .762943515464824e-13,
.543304434463117e-13, .209379298691654e-12, .209411548313867e-12,
.316628903184579-i12, .369082616224233e-12, .424495905180239.-12,
.481125052560750e-12, .558912170086514e-12,-.753513164915916e-11,
.272959152865468e-12, .285093643313343e-12, .756801696800356e-13,
.107262033074748e-12, .182070457907991e-12, .337296534406971e-12,
.526969517488513e-12, .2630465275813809-12, .113344921189464e-12,

O. ,0. ,0.
0. ,0. , .372043255653567e-13,

.281068068235580e-13, .120800377288282e-12, .138470804796759-i12,

.2279148180965429-12, .295821328754371l-12, .242629346405650e-12,

.183771823833285e-12, .139720836879280e-12, .849437099260320e-13,

.497656265001758e-13, .454068455768551e-13, .111255821420068e-13,

.151874625566079e-13,0. ,0.
O. ,0. ,0.

.708057561068323e-13, .141353627384770e-12, .253533613337514e-12,

.15679246097094 1,-12, .851683860499722e-13, .5067551886690539-13,

.360546818333864e-13, .1387459565813779-12, .138554795844615e-12,

.209411548313870e-12, .2422700514703089-12, .284220246979465e-12,

.332032627982687e-12, .378863821196359.-12, .272959152865463.-12,
-. 527187644718960e-11, .203325529725850e-12, .5460102505494279-13,

.778341341967308e-13, .1332952310684469-12, .250518140656784e-12,

.396863803337805-i12, .19588706923996le-12, .8121626800187699-13,
O. ,0. ,0.
0. ,0. , .3127303425643619-13,

.235874863167673e-13, .100000972518920e-12, .109793132211713e-12,

.166264117035101.-12, .1919953149092459-12, .145264645404657e-12,

.108017929109078e-12, .832969373721017e-13, .517023964928786e-13,

.307487698815501e-13, .283690556035046e-13, .699739925140315e-I4,

.958180975927662e-14,0. ,0.
O.0. ,0.

.7313740321634649-13, .144915356070400e-12, .257817847527701e-12,

.158444350909440e-12, .858030904006462e-13, .509754990289569e-13,

.362356294034727e-13, .139220267768048e-12, .1387459565813699-12,
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.209379298691532e-12, .239979960688877e-12, .284276806118997e-12,

.337024284754695e-12, .389030246178416e-12, .285093643313340e-12,

.203325529725848e-12,-.544363326287408e-11, .584906403384893e-13,

.839064939624824e-13, .145149222351380e-12, .277664689388968e-12,

.449659130665767e-12, .221225839746774e-12, .882368891095047e-13,
O ,0. ,0.Po
0. ,0. , .388460631207281e-13,
.290298852958291e-13, .1194157370105408-12, .122913447590623e-12,
.170329599707633e-12, .179839520605132e-12, .130748105218298e-12,
.975479393528391-13, .76612448891543le-13, .48413378806954le-13,
.291365682293783e-13, .271136497353748e-13, .672205462274681e-14,
.922678874486251.-14,0. ,0.
0. ,o. ,0.
.1939023299743579-13, .382456914451433e-13, .677024732564588e-13,
.414409776060402e-13, .22396087863tl75e-13, .132915397356646e-13,
.944224454276203e-14, .362356294034796e-13, .360546818335080e-13,
.543304434463250e-13, .618259295679058e-13, .735484404870034e-13,
.878715003166173e-13, .102481798615748e-12, .75680169680034Be-13,
.546010250549429e-13, .584906403384889e-13,-.148665274376117e-11,
.228003819559418e-13, .3974774029038409-13, .771218944049587e-13,
.127418093075266e-12, .628450201414131e-13, .243855797881158e-13,
0. ,0 . o,.
0. ,0. , .115894255326666e-13,
.856627194029754e-14, .3421569387544899-13, .333830909250158e-13,
.435611779950630e-13, .438223029447917e-13, .314439062779664e-13,
.236610006042639e-13, .188399847429512.-13, .120463382722842e-13,
.730457919052848e-14, .683426088411786e-14, .169980848541040e-14,-
.233668624363980e-14,0. ,0.
0 ,0. ,o ,. '
.2753060258381t4e-13, .541822255069694e-13, .956780239325920e-13,
.584478237720633e-13, .315541528461950e-13, .187163457356214e-13,
.132915397356636e-13, .509754990289595e-13, .506755188669025e-13,
.762943515464812e-13, .864737441471049e-13, .103021503399830e-12,
.123496033082935e-12, .144831518085834e-12, .107262033074747e-12,
.778341341967324e-13, .839064939624824e-13, .228003819559419e-13,
-.210143450391547e-il, .573102304276664e-13, .112143864762537e-12,
.187724417554034e-12, .929466896835852e-13, .355250591229573e-13,

O ,0. . Po,..
O. ,0. , .174354824142721e-13,
.127813471413599e-13, .500640356065220e-13, .4734383766130459-13,
.599921780429302e-13, .592210976083325e-13, .424124181017261e-13,
.321095018641293e-13, .257535909582070e-13, .165637591478056e-13,
.100810861755854e-13, .9457115934714919-14, .235588553997201e-14,
.324098070693682e-14,0. ,0.

O. ,O. ,O.
.47016761936601Oe-13, .922192637766480e-13, .162228205941032e-12,
.987910033825495e-13, .532450318379368e-13, .315541528461956e-13,
.223960878631164e-13, .858030904004233e-13, .851683860500857e-13,
.128020629386180e-12, .144121524280173e-12, .17197553140237le-12,
.207107443970619e-12, .2450336413271369-12, .182070457907990e-12,
.133295231068448e-12, .145149222351382e-12, .3974774029038379-13,
.573102304276652e-13,-.354576904322844e-1, .198815737003225e-12,
.341281767505792e-12, .170792324600820e-12, .636712138440455e-13,

O.0. ,o0 POO
O. ,0. , .323544456399448e-13,
.233234953630679e-13, .881372314635413e-13, .791360175630058e-13,
.961343115334293e-13, .928130573542750e-13, .666156333830783a-13,
.510106084052023e-13, .4140128913214899-13, .268755726956280e-13,
.164524749104783e-13, .154987657556154e-13, .387054917181669e-14,
.533091145643281e-14,0. ,0.

O. ,o. ,0.
.891008126257433e-13, .173744467399264e-12, .303624175017349e-12,
.183861527798182e-12, .98791003382547le-13, .584478237720633e-13,
.414409776060346e-13, .158444350909578e-12, .56792460970825e-12,
.234876327714946e-12, .260841711262672e-12, .311479342899363e-12,
.377418787700856e-12, .453251545547969e-12, .337296534406974e-12,
.250518140656788e-12, .2776646893889749-12, .771218944049599e-13,
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.112143864762535e-12, .198815737003226e-12,-.650248506975545e-11,
*732519914614874a-12, .382003194775160e-12, .136142593687615e-12,

O. to. ,o.
0. ,0. , .673608992184839e-13,

.466396788281314e-13, .163918720956418e-12, .134779396942800e-12,

.155069487311652a-12, .1474824772915879-12, .107742379524445-12,

.8456012539916189-13, .7017152805228239-13, .463219453316655e-13,

.286559505852229e-13, .2719962468929899-13, .682330589496244e-14,

.941767142073693e-14,0. ,0.
O. ,0. ,0.

.151721309367715e-12, .293006062228127e-12, .506341223156047e-12,

.303624175017481e-12, .1622282059408209-12, .956780239327107e13,

.6770247325642779-13, .2578178475276499-12, .253533613337535e-12,

.376907355025970e-12, .4071287974690549-12, .483722066217121e-12,

.5878846846720649-12, .7192920517772809-12, .5269695174885139-12,

.396863803337810e-12, .4496591306657719-12, .127418093075267e-12,

.187724417554033e-12, .3412817675057859-12, .732519914614887e-12,
-. 101505050585188e-10, .9821400777629789-12, .347531189854814e-12,
O. ,o. to. .
0. ,0. , .972396211745626e-13,

.632835825750787e-13, .2043635064160929-12, .1562871714124979-12,

.177756982352779e-12, .1756488690664449-12, .1360395330607569-12,

.112265473164665e-12, .9703249726569429-13, .660225329620015e-13,

.416293161763326e-13, .4006435366490099-13, .101340006902028e-13,

.1404181775061499-13,0. ,0.
O. ,o. ,0.

.897907935836123e-13, .171644979972512e-12, .293006062227904e-12,

.173744467399137e-12, .92219263776866le-13, .5418222550684649-13,

.3824569144517209-13, .144915356070567e-12, .141353627384752e-12,

.207947225270042e-12, .217047538593948e-12, .254473448078215e-12,

.306739698107634a-12, .3770101590422859-12, .263046527581378e-12,

.195887069239959e-12, .221225839746775S-12, .628450201414127e-13,

.929466896835840e-13, .1707923246008209-12, .382003194775155e-12,

.982140077762978e-12,-.595616645266732e-11, .501434367017862e-12,
0. 'O. ,0. 0
0. ,0. , .291830420090336e-13,

.189174756123725e-13, .6200072537402259-13, .498655564648936e-13,
.611678835203636e-13, .6648375982287289-13, .560211831434571e-13,
.491984090426853e-13, .4467247635515429-13, .3t5406990896006e-13,
.203590452691018e-13, .199308818187340e-13, .509290537550469e-14,
.709076276030449e-14,0. ,0.

O ,o. O.*
.473519364115114e-13, .8979079358337289-13, .1517213093680679-12,
.8910081262578659-13, .470167619366004e-13, .275306025838185e-13,
.193902329974961e-13, .7313740321628989-13, .708057561068210e-13,
.103127169874742e-12, .104516893944304e-12, .120600923820835e-12,
.143127059199458e-12, .173938076454442e-12, .113344921189466e-12,
.812162680018773e-13, .882368891095035e-13, .243855797881158e-13,
.355250591229567e 13, .636712138440451e-13, .136142593687618e-12,
.347531189854821e-12, .501434367017862e-12,-.283768714499962e-11,

O. ,O. ,O.
0. ,0. , .713077971144465e-14,

.479303520326001e-14, .167465972382033e-13, .147370039878918e-13,

.197530985224654e-13, .235941960667180e-13, .214987961819067e-13,

.199961073447184e-13, .1900847965722099-13, .138879157428660e-13,

.915897486215730e-14, .9106350489751979-14, .234833103659453e-14,

.328366521481002e-14,0. ,0.
O. ,O. ,o.
O ,0. 'O.
O ,O. 'O.
O. ,O. ,0.
O 'O. 'O.
O ,0. 'O.
O ,O. ,o.
O ,0o. 'O.
O 'O. ,O.
O. 0. 'O.
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O. 'O. 'O.

o, *O. t.o
o, ,0. 'o. I

0 .0. Oo. w
*328366521480851e-14, .7090762760304929-14, .1404181775061509-13,
.9417671420737189-14, .533091145643278e-14, .324098070693732a-14,
.233668624363922e-14, .922678874486296e-14, .958180975927717e-14,
1 518746255660789-13, .1784975902872839-13, .231431440515832a-13,

.312983646323690e-13, .435060995049726e-13, .372043255653565e-13,

.312730342564363a-13, .3884606312072819-13, .115894255326666e-13,

.174354824142721e-13, .323544456399448e-13, .673608992184827e-13,

.972396211745638e-13, .29t830420090334e-13, .713077971144465e-14,
0. ,O. 'O.
0. .O. ,-.6032998721565349-12,

.110815172086805e-14, .412325131847379e-14, .383648745696180e-14,

.520102755708950.-14, .597472871135880e-14, .502207630268476e-14,

.423448137002579e-14, .361374880780584e-14, .238981265926108e-14,

.1464741593054629-14, .137151940891220e-14, .3402232359025049-15,

.466579539324262e-15,0. ,0.
0 ,0. ,. O*

.234833103659140e-14, .509290537542457e-14, .101340006902795e-13,

.682330589496292e-14, .387054917181689e-14, .235588553997245e-14,

.169980848541008e-14, .672205462270869e-14, .699739925140400e-14,

.111255821420458e-13, .131855169658088e-13, .1718863979588709-13,

.233656009461736e-13, .325250265698897e-13, .281068068235583e-13,

.235874863167674e-13, .2902988529582879-13, .856627194029749e-14,

.127813471413598e-13, .233234953630682e-13, .466396788281304e-13,

.632835825750795a-13, .189174756123724e-13, .479303520325998e-14,
O. ,0. 'O.
0. ,0. , .110815172086803e-14,
-. 431271414823024e-12, .29340575066850le-14, .275805571930153e-14,

.377360053774018e-14, .436909608874730e-14, .368766371650692e-14,

.311197268383276e-14, .265283148935477e-14, .175094376378033e-14,

.107131865452059e-14, .100161546218127e-14, .248212655499969e-15,

.340223235902624e-15,0. ,0.
0 ,0. O0 JO

.9106350489751779-14, .1993088181885429-13, .400643536648247e-13,

.271996246893364e-13, .154987657555373a-13, .945711593471557e-14,

.683426088415427e-14, .271136497353740e-13, .283690556034660e-13,

.454068455768517e-13, .547940603163265a-13, .7226517027096579-13,

.991923191558989e-13, .137845254824800e-12, .120800377288284e-12,

.100000972518917e-12, .1194157370105409-12, .342156938754489e-13,

.500640356065216e-13, .881372314635421e-13, .1639187209564159-12,

.204363506416090e-12, .620007253740217.-13, .1674659723820339-13,
O ,00. 'O.
0. ,0. , .412325131847379e-14,
.293405750668501l-14,-.165945045610589e-il, .107008288482850e-13,
.149249936871423e-13, .175904533475627e-13, .150078250139533e-13,
.127114797291712e-13, .108261561081332e-13, .712282393959322e-14,
.434430176422862e-14, .404984350283973e-14, .100161546218090e-14,
.137151940891189e-14,0. ,0.

O. ,O. ,O.
.915897486211302e-14, .203590452691411e-13, .416293161763379e-13,
.286559505851867e-13, .1645247491051859-13, .100810861755485e-13,
.730457919056574e-14, .291365682294201e-13, .307487698815541e-13,
.497656265001775e-13, .619013243545095e-13, .831627856669559e-13,
.115397212000047e-12, .157757023743061e-12, .138470804796761e-12,
.109793132211715a-12, *1229134475906219-12, .333830909250158e-13,
.473438376613037a-13, .7913601756300620-13, .134779396942799e-12,
.156287171412497e-12, .498655564648928e-13, .147370039878916.-13,

O. ,0. ,O.
0. ,0. , .383648745696180e-14,

.275805571930153e-14, .107008288482852e-13,-.166004167179218a-11,

.151917028449162a-13, .1846365402763549-13, .160936171843888e-13,

.1376748692725789-13, .117459778434932e-13, .770389324516636e-14,

.467940858136327a-14, .434430176423018e-14, .107131865452069a-14,

.146474159305485e-14,0. ,0.

B. 24



o. to. *o. I
.138879157429050e-13, .315406990895578e-13, .66022532961999le-13,
.463219453316247e-13, .268755726956658e-13, .165637591478447e-13,
.120463382722419e-13, .484133788069161e-13, .517023964928799e-13,
.849437099259900e-13, .110136142555093e-12, .151006770770821e-12,
.208886223769409e-12, .269856086333214e-12, .227914818096542e-12,
.166264117035103e-12, .170329599707635e-12, .435611779950630e-13,
.599921780429306e-13, .961343115334310e-13, .1550694873116509-12,
.177756982352780Oe-12, .611678835203648e-13, .197530985224654e-13,

O. ,0. .0. .
0. ,0. , .520102755708957.-14,

.377360053774028e-14, .149249936871424e-15, .151917028449164e-13,
-.248329441071460e-1l, .286295059285803e-13, .258084926397606e-13,
.225325634673566e-13, .193944183075968e-13, .127235061223125e-13,
.770389324516399e-14, .712282393959327e-14, .175094376377997e-14,
.238981265926068e-14,0. ,O.
0. ,0. - ,0.

190084796572176e-13, .4467247635514979-13, .970324972656574e-13,
.701715280523594e-13, .414012891321099e-13, .257535909582090e-13,
.188399847429084e-13, .766124488915273e-13, .832969373721042e-13,
.139720836879299e-12, .192090556332038e-12, .264962711834749e-12,
.345276786033360e-12, .385192382335485e-12, .295821328754373e-12,
.191995314909246e-12, .179839520605134e-12, .4382230294479130-13,
.59221097608332le-13, .928130573542754e-13, .1474B2477291585e-12,
.175648869066447e-12, .66483759822874le-13, .235941960667180e-13,

O. ,o. ,o. v
0. ,t. , .597472871135887e-14,

.436909608874730e-14, .175904533475626e-13, .184636540276355e-13,

.286295059285797e-13,-.330293303607131e-11, .364571458560836e-13,

.331753205403050e-13, .292855687486312e-13, .193944183075984e-13,

.117459778434914e-13, .108261561081340e-13, .265283148935450e-14,

.361374880780564e-14,0. ,o.
O. ,0. Po . .
.199961073447172e-13, .491984090426845e-13, .112265473164708e-12,
.845601253991250e-13, .510106084052023e-13, .321095018641311e-13,
.236610006042803e-13, .975479393528435e-13, .108017929109080Oe-12,
.183771823833287e-12, .26462204428252le-12, .343237389345122e-12,
.381226910056109e-12, .344986688998097e-12, .242629346405650e-12,
.145264645404659e-12, .130748105218298e-12, .314439062779666e-13,
.424124181017263e-13, .666156333830771e-13, ,107742379524445e-12,
.136039533060755e-12, .560211831434569e-13, .214987961819068e-13,

0. too. too
o. ,0. , .502207630268481e-14,
.368766371650687e-14, .150078250139531e-13, .160936171843887e-13,
.258084926397602e-13, .364571458560836e-13,-.330411822023050e-11,
.358801972955300e-13, .331753205403054e-13, .225325634673580e-13,
.137674869272570e-13, .127114797291725e-13, .3111972683832390-14,
.423448137002582e-14,0. ,0.

O. ,o. too. .
.21498796181903le-13, .560211831434098e-13, .136039533060735e-12,
.107742379524424e-12, .666156333830953e-13, .4241241810172630-13,
.314439062779437e-13, .130748105218319e-12, .145264645404659e-12,
.242629346405646e-12, .344986688998097e-12; .381226910056111e-12,
.343237389345119e-12, .264622044282518e-12, .183771823833286e-12,
.108017929109077e-12, .975479393528399e-13, .236610006042640e-13,
.321095018641291e-13, .510106084052025e-13, .845601253991606e-13,
.112265473164664e-12, .491984090426853e-13, .199961073447183e-13,

O. too lo .P
O. ,O. , .423448137002584e-14,
.311197268383276e-14, .127114797291713e-13, .137674869272578e-13,
.225325634673561e-13, .331753205403052e-13, .358801972953298e-13,
-.330411822023050e-1l, .3645714585608209-13, .258084926397603e-13,
.160936171843872e-13, .150078250139540e-13, .368766371650601e-14,
.502207630268436e-14,0. ,0.
0. ,o. -,.
.235941960667170e-13, .664837598228692e-13, .175648869066447e-12,
.147482477291583e-12, .928130573542750e-13, .592210976083329e-13,
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.438223029447889e-13, .1798395206051389-12, .191995314909246e-12,

.295821328754365e-12, .385192382335487e-12, .345216786033362e-12,

.264962711834747e-12, .1920905563320379-12, .1397208368792789-12,

.832969373721013e-13, .766124488915435e-13, .1883998474295139-13,

.2575359095820729-13, .414012891321489e-13, .701715280522819e-13,

.970324972656950e-13, .446724763551544e-13, ,190084796572208e-13,
0. go0. ,0.
0. ,0. , .361374880780584e-14,

.265283148935480e-14, .108261561081332e-13, .117459778434933e-13,

.1939441830759669-13, .292855687486312,-13, .331753205403056e-13,

.364571458560824e-13,-.330293303607131e-l I, .286295059285803e-13,

.1846365402763439-13, .1759045334756399-13, .436909608874622e-14,

.5974728711358659-14,0. ,0.
O. ,0. ,0.P

.197530985224424e-13, .611678835203406e-13, .177756982352800e-12,

.155069487311667e-12, .961343115334124e-13, .599921780429112a-13,

.435611779950228e-13, .170329599707655e-12, .166264117035103e-12,

.227914818096546e-12, .269856086333212e-12, .208886223769411 o-12,

.1510067707708249-12, .1101361425551179-12, .849437099260316e-13,

.517023964928793e-13, .484133788069545e-13, .1204633827228429-13,

.1656375914780549-13, .268755726956279e-13, .463219453316651e-13,

.660225329620019e-13, .315406990896006e-13, .138879157428660.-13,
0. ,0. ,0.
0. ,0. , .2389812659261109-14,

.175094376378033e-14, .712282393959332e-14, .7703893245166319-14,

.127235061223125e-13, .193944183075983e-13, .225325634673578a-13,

.258084926397608e-13, .286295059285803e-13,-.248329441071460e-11,

.151917028449149e-13, .1492499368714339-13, .377360053773929e-14,

.520102755708927e-14,0. 90.
O ,0o. 90.

.147370039878901e-13, .498655564648872e-13, .156287171412434e-12,

.134779396942805e-12, .791360175629962e-13, .473438376613142e-13,

.333830909250045e-13, .122913447590611e-12, .1097931322117139-12,

.138470804796757e-12, .157757023743057a-12, .115397212000047e-12,

.831627856669542e-13, .619013243545066e-13, .497656265001754e-t3,

.307487698815505e-13, .291365682293785e-13, .730457919052858e-14,

.100810861755853.-13, .164524749104780e-13, .286559505852229e-13,
.416293161763322e-13, .2035904526910189-13, .9158974862157309-14,

O ,0. ,0. ,
0. ,0. , .1464741593054609-14,

.107131865452060e-14, .4344301764228699-14, .4679408581363279-14,

.770389324516404e-14, .117459778434914e-13, .1376748692725709-13,
1609361718438739-13, .184636540276342e-13, .1519170284491509-13,

-. 166004167179218e-11, .1070082884828529-13, .2758055719300629-14,
.383648745696122e-14,0. ,0.

O. ,0. ,0.
.167465972382262e-13, .620007253740128e-13, .2043635064161149-12,
.1639187209564189-12, .881372314635542e-13, .5006403560652229-13,
.342156938754485e-13, .119415737010563e-12, .100000972518920e-12,
.1208003772883039-12, .137845254824823e-12, .9919231915588449-13,
.722651702709875e-13, .5479406031629069-13, .454068455768549e-13,
.283690556035047e-13, .271136497353746e-13, .683426088411779e-14,
.945711593471491e-14, .154987657556153e-13, .271996246892986e-13,
.400643536649011.-13, .1993088181873419-13, .910635048975187e-14,

0. ,0. 90.
0. 90. , .137151940891219e-14,

.100161546218126e-14, .40498435028397le-14, .434430176423013e-14,

.712282393959317e-14, .108261561081339e-13, .127114797291724e-13,

.150078250139538e-13, .17590453347564le-13, .149249936871436e-13,

.107008288482853e-13,-.165945045610604e-il, .293405750668460e-14,

.412325131847402e-14,0. 90.
0. P0. ,0. ,

.479303520325953e-14, .189174756123702e-13, .632835825750674e-13,

.466396788281181e-13, .2332349536307749-13, .127813471413494e-13,

.856627194028729e-14, .2902988529584759-13, .2358748631672779-13,

.2810680682355639-13, .3252502656986839-13, .233656009461920e-13,

.171886397958667e-13, .131855169658469e-13, .111255821420070e-13,
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.699739925140325e-14, .6722054622746819-14, .169980848541042e-14,

.235588553997199e-14, .387054917181669e-14, .682330589496246e-14,

.101340006902027e-13, .509290537550459e-14, .234833103659454e-14,
O. ,o. ,O.
0. ,O. , .340223235902506e-15,

.248212655499969e-15, .100161546218089e-14, .107131865452070e-14,

.175094376377997e-14, .265283148935448e-14, .311197268383239e-14,

.368766371650603e-14, .436909608874619e-14, .377360053773927e-14,

.275805571930062e-14, .293405750668458e-14,-.431271414822959e-12,

.110815172086777e-14,0. ,0.
0. ,0. ,0. D

.713077971144470e-14, .291830420090326e-13, .972396211745638e-13,

.673608992184815e-13, .323544456399450e-13, .1743548241427179-13,

.115894255326758e-13, .38846063120690le-13, .312730342564746e-13,

.372043255653365e-13, .435060995049718e-13, .312983646323698e-13,

.23143144051583le-13, .1784975902872819-13, .151874625566077e-13,

.958180975927657e-14, .92267887448624le-14, .23366862436398le-14,

.324098070693681e-14, .533091145643273e-14, .941767142073678e-14,

.140418177506148e-13, .709076276030452e-14, .328366521480994e-14,
O,0. ,0. O*0
O, ,0. , .466579539324272e-15S.

.340223235902624e-15, .137151940891192e-14, .146474159305485S-14,

.238981265926065e-14, .361374880780559e-14, .423448137002576e-14,

.50220763026844le-14, .597472871135860e-14, .520102755708930e-14,

.383648745696127e-14, .412325131847399e-14, .110815172086777e-14,
-. 603299872156534e-12,0. ,o.
O. ,O. ,O.
O. ,o. D0.
O. ,O. ,O.
O. ,O. ,0.
O, Po. ,O.
O. ,O. DO.
O. Po. Po.
O. ,O. ,O.
O. ,0. ,O.
O. ,0. ,O.
O. 'O. to.
0. ,0. Po.
OOs ,0.
O, ,0. ,O.
O, ,0. Poo
O, Po. 'O.
O. O0 ,0.
O,. O 0 .O
O. ,o. DO.
O, ,O. to0
O, , ' ,0.

D. o0. ,0
O. ,O. ,0.
O, ,0. Poo
O. 0 . Poo .
O. 'O. 'O.
O. Po. DO.
0. ,0. O 0 . I
O.o O ,
OD Oo 'O.
O. o0 . t0o
0. P,. ,O.
O, Poo too
O. ,0. ,0.
OD too ,0.
O. DO. t 0

O. ,0. ,0.
O, ,0 0 .
O. , 0 . 'O.
O. ,0. Poo
O, ,0. ,0.
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0. Do. o

o. * . ,0. I

o. *O. 0.
o. * ,. ,. I

O. D
0

0 tO 9

0. ,0. ,0.
o * .0. ,0

0. * ,. 10. I
O. 'O. ,O.

0. * . ,0. I
0. 90. Do.

O,* 0 ~ * 90

0. 1O. 'o.

0. ,0. 'O.

o. * ,. ,0. I
O,* 0. ,0.

O. to. 10. I

O, ,O. Po.
O0 ,0. to.
O0 *O. to.
0. oo. to.
O0 'O. 'O. I

O. 9O. O. p
O0 'O. Po. 9

O *DO. Do. p
O0 O0. O0. 1
0. 'O. 1O. I

0. O. 'O. p

0. O0. 'O. I

O too. ,O. 9
0 *0. .0. O
O0 O0. DO. I
0. ,0. ,0. I

0. Po. 'o. v
0. ,0. 10. 1

0, 00 9O0 v

0. * .. 10. I
0. 10. DO. I
0. * .. DO. I

I/radp/i regs
0
1/radp/jregs
0
1/radp/kregs
4
0.806,0.9,2,6,14,23,23,28
0.2,0.9,2,8,12,12,25,28
0.2,0.9,2,8,25,25,23,28
0.2,0.9,8,8,13,24,23,28
l/radr/notes
2
agns does not use the
radr radiation model
l/radr/h
0
l/radr/Ireg
0
1/radr/lt4
0
1/reba
20.0,0
1/hydro
1.0,0.2e-7,0,0.5, 1.0,-0.05
0,0.le-3, 0.4
OO.1.0
1013250.0,440.0,0.80219e-3
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0.0,-0.906308,-0.422618
0.608e-4,0.4e-6
1/hydro/mon I tor/mx
0
0,0,0
1/hydro/mont tor/my
0
0,0,0
1/hydro/mon ltor/mz
0
0,0,0
1/hydro/specs vis boundary

O.le-19,1.0,1.0,2.0,35.0,2.0,27.0,
14*0.0
1/hydro/specs vis Inside
3
O. le+10,2.0,8.0,12.0,12.0,3.0,23.0,
O. le+10,2.0,8.0,25.0,25.0,3.0,23.0,
O. le+10,8.0,8.0,13.0,24.0,3.0,23.0
l/propm
1 *Oe+4

1/propm/ax
0
-1.0,6*0
1/propm/ay
0
-1.0,6*0
1/propmlaz
0
-1.0,6*0
1 /propm/ax I
0
0.227,10,10,10,27,2,2,
-1.0,6*0
1/propm/ayl
0
0.227,2,10,9,9,2,2,
0.227,2,10,27,27,2,2,
-1.0,6*0
1/propm/azl
0
0.1e-6,2,10,10,11,2,2,
O.le-6,2,10,26,27,2,2,
0.1e-6,9,10,12,25,2,2,
-1.0,6*0
1/propm/por
0
0.580,2,6,14,23,2,23,
0.1e-4,2,8,12,12,3,23,
0. 1-4,2,8,25,25,3,23,
O.le-4,8,8,13,24,3,23,
-1.0,6*0
1/propm/permx
0
0.0065,2,6,14,23,2,23,
-1.0,6*0
I /propm/permy
0
0.0065,2,6,14,23,2,23,
-1.0,6*0
1/propm/permz
0
0.015,2,6,14,23,2,23,
-1.0,6*0
1/pdg
0.8,0.5e-5
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l/pIter
8,25
0.0,1.0,1.0
1/piter/norder
3
3,4,1,0
1/piles
0.le-7,1.3,4,0
1/rebq
2,0
1,1,1
0.le-20,0.le-20,0.le-20
1/rebq/krId
18
1,2,2,7,2,11,
2,2,8,8,6.11,1
3,1,9,13,7,11,
4,2,2,7,12,12,
5,2,8,8,12,12,
6,1,9,14,12,12,
7,2,2,7,13,18,
8,2,8,8,13,18,
9,1,9,18,13,18,
10,2,2,7,19,24,
11,2,8,8,19,24,
12,1,9,18,19,24.
13,2,2,7,25,25,
14, 2,8, 8,25,25,
15,1,9,14,25,25,
16,1,2,7,26,35,
17,1,8,8,26,31,
18,0,9,13,26,30
1/rebq/kbid
71
1,2,1,4,2,
2,3,1,5,2,
3,6,2,
4,5,1,7,2,
5,6,1,8,2,
6,9,2,
7,8,1,10,2,
8,9,1,11,2,
9,12,2,
10,11,1,13,2,
11,12,1,14,2,
12,15,2,
13,14,1,16,2,
14,15,1,17,2,
15,18,2,
16,17,1,
17,18,1
I/rebq/JrId
12
1,2,2,7,2,2,
2,2,8,8,2,2,
3,1,9,18,2,2,
4,2,2,7,3,14,
5,2,8,8,3,14,
6,1,9,18,3,14,
7,2,2,7,15,23,
8,2,8,8,15,23,
9,1,9,18,15,23,
10,1,2,7,24,27,
11,1,8,8,24,27,
12,0,9,18,24,27
I/rebq/Jbid
45
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1,2,1,4,3,
2,3,1,5,3,
3,6,3,
4,5,1,7,3,
5,6,1,8,3,
6,9,3,
7,8,1,10,3,
8,9,1,11,3,
9,12,3,
10,11,1,
11,12,1
l/rebq/l rid
24
1,2,2,11,2,2,
2,2,12,12,2,2,
3,2,13,18,2,2,
4,2,19,24,2,2,
5,2,25,25,2,2,
6,1,26,35,2,2,
7,2,2,11,3,14,
8,2,12,12,3,14,
9,2,13,18,3,14,
10,2,19,24,3,14,
11,2,25,25,3,14,
12,1,26,35,3,14,
13,2,2,11,15,23,
14,2,12,12,15,23,
15,2,13,18,15,23,
16,2,19,24,15,23,
17,2,25,25,15,23,
18,1,26,35,15,23,
19,1,2,11,24,27,
20,1,12,12,24,27,
21,1,13, 18,24,27,
22,1,19,24,24,27,
23,1,25,25,24,27,
24,0,26,35,24,27
1/rebq/lbId
99
1,2,2,7,3,
2,3,2,8,3,
3,4,2,9,3,
4,5,2,10,3,
5,6,2,11,3,
6,12,3,
7,8,2,13,3,
8,9,2,14,3,
9,10,2,15,3,
10,11,2,16,3,
11,12,2,17,3,
12,18,3,
13,14,2,19,3,
14,15,2,20,3,
15,16,2,21,3,
16,17,2,22,3,
17,18,2,23,3,
18,24,3,
19,20,2,
20,21,2,
21,22,2,
22,23,2,
23,24,2
1/af
5,0
1/avg
0.0,991914.9
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APPENDIX C

HYDRA-II INPUT FILE FOR THE CASTOR-1C SPENT FUEL

TEST -- HELIUM BACKFILL, VERTICAL ORIENTATION CASE

l/maln
7
so they chop and change, and each fresh move

Is Inly a fresh mistake.
robert service

Input for castor-ic 2/1/85
source Is h2lc, Input file Is Inh2lc4
1/2 symmetry, vertical, he, wrgssn pwr, case 4
5,4,1
1,1,50
1.0,0,0,0
0
0,0.1,1.0,0.01
1.0,1.0,0.0
1.0,50,1
1/maln/prInt plane options
2
1,16
2,26,2
1/maln/print arrays or Info
0.0,0/ptl
0.0,0/ptsi
1.0/pqbnd
1. 0, 1/pqI
0.0,0/pqrad
0.0,0/ptsl
1.0,0/pt
1.0,0/pts
1.0,2/pmx
0.0,0/pmy
1.0,1/pmz
0.0,0/pdpf
0.0,0/ppf
1/grid
2.0,17,17,3,33
1/gr id/eend
1,17,51*18,17,1
1/grld/Jebeg
17*2,3
1/grid/Jeend
17*34,33
1/grid/imend
16,33*18,16
l/grld/Jmbeg
18*2
I/grid/Jmend
18 34
1/grld/icart
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,31*19,
18,17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2
1/grid/Jcart
16*1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,
20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,16*35
I/grld/isend
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32*7
I/grid/dx
1.0,0.5,1.0,1.5,3.0,4.0,3.0,1.5,3*1.0,
1.5,3.0,4.0,3.0,2*1.5,1.3,1.0
1/grid/dy
1.0,1.3,2*1.5,3.0,4.0,3.0,1.5,3*1.0,1.5,
3.0,4.0,3.0,1.5,3*1.0,1.5,3.0,4.0,3.0,1.5,
3*1.0,1.5,3.0,4.0,3.0,2*t.5,1.3,1.0
1/grld/dz
1.0,20.0,18.5,4.0,5.0,13.0,12.5,15.0,17.5,20.0,22.5,
25.0,27.5,29.0,30.0,29.0,27.5,25.0,22.5,20.0,17.5,15.0,2*12.5,
19.0,2*12.5,9.0,18.0,16.5,13.0,1.0
I/grld/dr
46.1832221,2.3167779,5.5,7.65,12.5,15.1,8.0,1.0
1/prop

1.0,172.0,0.0,0.14,0.333
0.0,0.0,0.0,0.0,0.0
I/prop/cconO,ccon1,ccon3
10
low conductivity
O.le-20,0.0,0.0
high conductivity
O.le+20,0.0,0.0
hellum (backfill gas)
0.52e-3,0.32e-5,0.0
sst
0.09215,0.1465e-3,0.0
boron steel (radlonox)
0.079,0.2 1-3.0.0
nodular cast Iron
0.5162,-0.3205e-3,0.0
epoxy
0.15e-2,0.0,0.0
nitrogen
0.075e-3,0.6167e-6,0.0
concrete
0.017,0.0,0.0
air (not used)
0.6880e-4,0.6340e-6,0.0
1/prop/specs def. 01 Isotropic and 11 parallel
9
1.0,1.0,1.0,1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,1.0,4.0,1.0,
5.0,1.0,5.0,1.0,
6.0,2.0,4.0,2.0,

3.0,2.0,
8,0,1,0,4.0,0,62,
9.0,1.0,6.0,1.0,
10.0,2.0,4.0,7.0,

7.0,6.0,
60*0.0
1/prop/specs def. 21 series
8
14.0,4.0,2.0,0.0,0.0,0.0,
15.0,3.0,2.0,0.4,0.25,0,0,
16.0,7.0,4.0,0.0,0.0,0.0,
17.0,8.0,0.6,0.2,0.2,1.0,
18.0,4.0,7.0,0.0,0.0,0.0,
19.0,7.0,6.0,0.0,0.0,0.0,
20.0,1.0,1.0,0.2,1.0,0.5,
21.0,9.0,20.0,0.0,0.0,0.0,
52*0.0
1/prop/specs def. 31 fuel assembly
2
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22.0,3.0,1.267,1.429,1.875,0.0209,0.1150,0.8,0.95,
23.0,3.0,1.080,1.250,1.625,0.0209,0.1150,0.8,0.95,
82*0.0
i/prop/Index
68,77
1,1,2,34,2,31,1,1,1,
2,18,2,34,4,28,1,4,3,
4,8,4,8,5,6,1,4,8,
12,16,4,8,5,6,1,4,8,
4,8,12,16,5,6,1,4,8,
12,16,12,16,5,6,1,4,8,
4,8,20,24,5,6,1,4,8,
12,16,20,24,5,6,1,4,8,
4,8,28,32,5,6,1,4,8,
12,16,28,32,5,6,1,4,8,
5,7,5,7,5,6,1,4,3,
13,15,5,7,5,6,1,4,3,
5,7,13,15,5,6,1,4,3,
13,15,13,15,5,6,1,4,3,
5,7,21,23,5,6,1,4,3,
13,15,21,23,5,6,1,4,3,
5,7,29,31,5,6,1,4,3,
13,15,29,31,5,6,1,4,3,
2,2,3,33,5,27,1,4,5,
10,10,3,33,5,27,1,4, 5,
3,17,10,10,5,27,1,4,5,
3,17,18,18,5,27,1,4,5,
3,17,26,26,5,27,1,4,5,
3,12,10,10,5,5,1,4,3,
3,12,18,18,5,5,1,4,3,
3,12,26,26,5,5,1,4,3,
2,2,8,28,5,5,1,4,3,
10,10,8,28,5,5,1,4,3,
2,17,3,33,4,4,5,11,6,13,6,3,2,23,14,23,15,
5,7,6,6,4,4,1,4,3,
6,6,5,7,4,4,1,4,3,
13,15,6,6,4,4,1,4,3,
14,14,5,7,4,4,1,4,3,
5,7,14,14,4,4,1,4,3,
6,6,13,15,4,4,1,4,3,
13,15,14,14,4,4,1,4,3,
14,14,13,15,4,4,1,4,3,
5,7,22,22,4,4,1,4,3,
6,6,21,23,4,4,1,4,3,
13,15,22,22,4,4,1,4,3,
14,14,21,23,4,4,1,4,3,
5,7,30,30,4,4,1,4,3,
6,6,29,31,4,4,1,4,3,
13,15,30,30,4,4,1,4,3,
14,14,29,31,4,4,1,4,3,
9,11,9,11,4,4,1,4,4,
9,11,25,27,4,4,1,4,4,
10,10,7,7,4,4,1,3,4,
10,10,29,29,4,4,1,3,4,
13,13,10,10,4,4,1,3,4,
13,13,26,26,4,4,1,3,4,
10,10,7,7,3,3,1,43,15,
10,10,29,29,3,3,1,43,15,
13,13,10,10,3,3,1,43,15,
13,13,26,26,3,3,1,43,15,
4,8,4,8,7,26,1,31,22,
12,16,4,8,7,26,1,31,22,
4,8,12,16,7,26,1,31,22,
12,16,12,16,7,26,1,31,22,
4,8,20,24,7,26,1,31,23,
12,16,20,24,7,26,1,31,23,
4,8,28,32,7,26,1,31,23,
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12,16,28,32,7,26,1,31,23,
2,18,2,34,2,3,1,4,9,
2,18,2,34,1,1,2,43,16,43,21,
2,18,2,34,29,30,1,4,4,
2,18,2,34,30,30,2,43,17,43,19,
2,18,2,34,31,31,4,11,10,13,10,23,18,51,20,
2*0
1/therm
0.5,5.234,0.5
1.0,50,20
1/therm/monitor/t
0
0,0,0
I/therm/q weighting factor
1.0,4,8,4,8,
1.0,12,16,4,8,
1.0,4,8,12,16,
1.0,12,16,12,16,
1.0,4,8,20,24,
1.0,12,16,20,24,
1.0,4,8,28,32,
1.0,12,16,28,32,
0.0,4*0
1/therm/group power
848.25,4,8,4,8,
843.55,12,16,4,8,
852.3,4,8,12,16,
848.25,12,16,12,16,
837.5,4,8,20,24,
877.1,12,16,20,24,
877.1,4,8,28,32,
714.65,12,16,28,32,
0.0,4*0
1/therm/relact
5*0.0,0.16,0.5,0.69,0.81,0.91,1.0,1.12,1.17,1.27,1.24,
1.22,1.15,1.14,1.01,0.88,0.75,0.57,0.35,0.15,0.03,5*0.0
I/therm/pqgen
0.0
1/therm/tcen
0,18.0
310.0,320,0,340.0,360.0,380.0,400.0,420.0,440.0,450.0,
470.0,490.0,510.0,5*520.0,510.0,500.0,490.0,480.0,
470.0,460.0,450.0,420.0,390.0,360.0,340.0,320.0,310.0
I/therm/tsl
0,0
2080*299.0
1/therm/delta
0
2,18,2,34
2*10.0,25*20.0,3*0.0
1/rebt
O.le+6,6,1
1/props

1.0,172.0,0.0,0.14,0.333
0.0,0.0,0.0,0.0,0.0
1.0,8.0,0.0,0.75,0.25
1/props/cconO,ccon1,ccon3
9
low conductivity
O.le-20,0.0,0.0
high conductivity
O.le+20,0.0,0.0
ssO
0.09215,0.1465e-3,0.0
nodular cast Iron
0.5162,-0.3205e-3,0.0

C.4



q

epoxy
0.15e-2,0.0,0.0
helium
0.52e-3,0.32e-5,0.0
nitrogen
0.075e-3,0.6167e-6,0.0
air
0.688e-4,0.634e-6,0.0
concrete
0.017,0.0,0.0
I/props/specs def. 01 Isotropic and 11 parallel
14
1.0,1.0,1.0,1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,1.0,3.0,0.852,
5.0,1.0,3.0,1.166,
6.0,1.0,4.0,1.0,
7.0,1.0,4.0,0.852,
8.0,1.0,4.0,1.166,
9.0,1.0,4.0,0.230,
10.0,1.0,4.0,0.431,
11.0,1.0,4.0,0.5187,
12.0,2.0,3.0,5.964,

5.0,5.112,
13.0,2.0,3.0,8.162,

5.0,6.996,
14.0,1.0,3.0,1.857,
40*0.0
1/props/specs def. 21 series
10
20.0,5.0,4.0,0.0,0.0,0.0,
21.0,6.0,0.1,0.25,0.2,0.5,
22.0,7.0,0.7,0.2,0.2,0.5,
23.0,5.0,6.0,0.0,0.0,0.0,
24.0,7.0,0.1,0.2,0.25,0.5,
25.0,8.0,0.1,0.2,0.25,0.5,
26.0,1.0,1.0,0.2,1.0,0.5,
27.0,1.0,1.0,0.3,1.0,0.5,
28.0,1.0,1.0,0.96,1.0,0.5,
29.0,9.0,20.0,0.0,0.0,0.0,
40*0.0
1/props/Index
19,40
1,1,2,66,2,31,1,1,1,
2,7,1,1,2,31,1,2,1,
2,7,67,67,2,31,1,2,1,
2,7,2,66,2,31,3,1,7,2,8,3,6,
5,5,2,66,2,26,3,1,9,2,10,3,11,
2,7,2,66,1,1,1,43,29,
2,4,2,66,1,1,1,43,20,
2,2,2,66,28,28,1,43,21,
2,2,2,66,29,29,4,1,4,2,5,3,3,41,21,
3,3,2,66,29,29,1,43,21,
2,3,2,66,30,30,5,1,4,2,5,3,3,43,22,43,23,
4,4,2,66,30,30,5,1,4,2,5,3,3,41,24,43,24,
2,3,2,66,31,31,4,11,12,13,13,3,14,51,26,
4,5,2,66,31,31,4,1,4,2,5,3,3,51,26,
5,5,2,66,31,31,1,41,25,
6,7,2,66,31,31,1,51,27,
7,7,2,66,2,6,1,53,27,
7,7,2,66,7,25,1,53,28,
7,7,2,66,26,31,1,53,27,
17*0
1/tslde
0,299.0,1.0
1/tside/monItor/ts

C.5



0
0,0,0
1/ts Ide/delta
0
30*10.0
1/radc
0
1/radc/ Index
32
21,1,16,1,1,1
21,1,16,2,2,1
21,1,16,1,3,1
21,1,16,2,4,1
21,1,16,1,5,1
21,1,16,2,6,1
21,1,16,3,7,1
21,1,16,3,8,1
21,1,16,4,9,1
21,1,16,4,10,1
21,1,16.5,7,1

21,X,15,7,11,2
21,1,15,6,12,2
21,1,15,7,12,2
21,1,15,8,11,2
21,1,15,8,12,2
21,1,15,9,13,2
21,1,15,9,14,2
21,1,15,9,15,2
21,1,15,9,17,2
21,1,15,9,18,2

21,1,18,10,19,3
21,1,18,10,20,3
21,1, 18, 11,21,3
21,1,18,11,22,3
21,1,19,12,23,4
21,1,19,13,24,4
21,1,19,13,25,4
21,1,19,12,26,4
1/radc/kcel I
21,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26
1/radc/Icel l
16,9,8,7,6,5,4,3,2,3,4,5,6,7,8,9,10
16,3,4,5,6,7,8,9,10,9,8,7,6,5,4,3,2
16,7*2,3,7*4,3
16,7*10,9,7*8,9
16,7*10,11,7*12,11
15,7*2,3,6*4,3
15,7*10,9,6*8,9
l5,7*10,11,6*12,11
15,11,12,13,14,15,16,17,17,16,15,14,13,12,11,10
18,3,4,5,6,7,8,9,10,10,9,8,7,6,5,4,3,2,2
18,7*19,18,17,7*16,17,18
19,11,12,13,14,15,16,17,18,19,18,17,16,15,14,13,12,11,10,10
19,7*19,18,17,8*16,17,18
1/radc/Jcel l
16,7*10,9,7*8,9
16,7*10,11,7*12,11
16,7*18,17,7*16,17
16,7*18,19,7*20,19
16,7*26,25,7*24,25
16,7*26,27,7*28,27
16,17,16,15,14,13,12,11,10,11,12,13,14,15,16,17,18
16,25,24,23,22,21,20,19,18,19,20,21,22,23,24,25,26
16,11,12,13,14,15,16,17,18,17,16,15,14,13,12,11,10
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16,19,20,21,22,23,24,25,26,25,24,23,22,21,20,19,18
15,9,8,7,6,5,4,3,3,4,5,6,7,8,9,10
15,27,28,29,30,31,32,33,33,32,31,30,29,28,27,26
15,7*10,9,6*8,9
15,7*10,11,6*12,11
15,7*18,17,6*16,17
15,7'18,19,6*20,19
15,7*26,25,6*24,25
15,7*26,27,6*28,27
18,7'1,2,3,7*4,3,2
18,7*35,34,33,7*32,33,34
18,11,12,13,14,15,16,17,18,18,17,16,15,14,13,12,11,10,10
18,19,20,21,22,23,24,25,26,26,25,24,23,22,21,20,19,18,18
19,7*1,2,3,8*4,3,2
19,9,8,7,6,5,4,3,2,1,2,3,4,5,6,7,8,9,10,10
19,27,28,29,30,31,32,33,34,35,34,33,32,31,30,29,28,27,26,26
19,7*35,34,33,8*32,33,34
0/radclh
16
-. 193191864301345e-11, .208334949055009e-12, .735788292508516e-13,

.183091663320769e-13, .549248059129638e-14, .380527827872202e-14,

.548216446756604e-14, .153945281318989e-13,0.

.934805614762473e-14, .171657389063806e-13, .608203635439847e-13,

.255712958647900e-12, .751184457792188e-12,0.

.507289671867890e-12,

.208334949055008e-12,-.321464593497809e-11, .108133860258912e-12,

.230805152406104e-13, .464988828145437e-14, .273602022412420e-14,

.380527827872209e-14, .103688739617802e-13,0.

.742585460306788e-14, .173857969448741e-13, .880019561385129e-13,

.769912876284298e-12, .171406720956287.-11,0.

.256742856143859e-12,

.735788292508524e-13, .108133860258912e-12,-.648904366847499e-11,

.119457601551299e-12, .158267127165762e-13, .464988828145485e-14,

.549248059129734e-14, .133650908004994e-13,0.

.1551583915637529-13, .622649696721323e-13, .897274574099901e-12,

.432274977780757e-11, .743738390128852e-12,0.
,106995654159298e-12,
.183091663320771e-13, .230805152406107e-13, .119457601551299e-12,

-. 860295249489849e-11, .119457601551304e-12, .230805152406183e-13,
.183091663320912e-13, .357010054530797t-13,0. 0
.810070694776641e-13, .897031121550831e-12, .625377953568733.-11,
.897031121550805e-12, .810070694776540e-13,0.
.357010054530712e-13,
.549248059129643e-14, .464988828145442e-14, .158267127165763e-13,
.119457601551303e-12,-.648904366847499e-11, .108133860258912e-12,
.735788292508560e-13, .106995654159295e-12,0. 0
.743738390128842e-12, .432274977780757e-il, .897274574099920e-12,
.622649696721323e-13, .155158391563746e-13,0.
.133650908004990e-13,
.380527827872199e-14, .273602022412419e-14, .464988828145482e-14,
.230805152406183e-13, .108133860258912e-12,-.321464593497809e- 1,
.208334949055006e-12, .256742856143859e-12,0.
.171406720956287e-il, .769912876284282e-12, .880019561385561e-13,
.173857969448753e-13, .742585460306803e-14,0.
.103688739617802e-13,
.548216446756604e-14, .380527827872209e-14, .549248059129731e-14,
.18309166332091 1e-13, .735788292508560e-13, .208334949055008e-12,

-. 193191864301345e-11, .507289671867887e-12,0.
.751184457792197e-12, .255712958647922e-12, .608203635440655e-13,
.171657389063829e-13, .934805614762503e-14,0.
.153945281318989e-13,
.153945281318989e-13, .103688739617802e-13, .133650908004994e-13,
.357010054530797e-13, .106995654159296e-12, .256742856143859e-12,
.507289671867890e-12,-.202633117430722e-11,0.
.566744686936019e-12, .303985221692293e-12, .103293206102256e-12,
.379406769464589e-13, .242801009643848e-13,0.
.442296011475829e-13,
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o. 'O. 'O. 9
o, Poe. . 9

O. 'O. ,O.

O. *O. O. 9
0. 0

.934805614762473e-14, .742585460306788e-14, .1551583915637519-13,
.8100706947766419-13, .743738390128842e-12, .171406720956287e-1.1,
.751184457792191e-12, .566744686936009e-12,0. 1

-. 541004201676627e-11, .119130702226467e-11, .246538240719492e-12,
.417525973030891e-13, .171324917099002e-13,0.
.242801009643846e-13,

171657389063805e-13, .173857969448742e-13, .622649696721327e-13,
.897031121550827e-12, .432274977780757e-l1, .769912876284288e-12,
.255712958647926e-12, .303985221692293e-12,0. a
.119130702226467e-11,-.969842360143486e- 11, .157921681036216e-11,
.20199803305226le-12, .417525973030881e-13,0.
.379406769464581 e-13,
.60820363543985le-13, .8800195613851339-13, .89727457409990le-12,
.625377953568733-I11, .897274574099920e-12, .880019561385565e-13,
.608203635440655e-13, .103293206102256e-12,0.
.246538240719490e-12, .157921681036216e-11,-.12204069837620le-10,
.157921681036209e-11, .246538240719437e-12,0.
.103293206102228.-12,
.2557129586479009-12, .769912876284292e-12, .432274977780754e-11,
.897031121550802e-12, .6226496967213239-13, .1738579694487549-13,
.171657389063829e-13, .3794067694645899-13,0.
.417525973030895e-13, .201998033052261e-12, .157921681036210e-il,

-. 969842360143486.-11, .119130702226468e-11,0.
.303985221692277e-12,
.751184457792194e-12, .171406720956287e-11, .7437383901288520-12,
.810070694776540e-13, .155158391563745S-13, .742585460306803e-14,
.934805614762503e-14, .242801009643847e-13,0.
.1713249170990035-13, .4175259730308839-13, .2465382407194359-12,
.119130702226467e-11,-.541004201676627e-11,0.
.566744686936009.-12,

O. ,0. ,0.
O. '0. 0
O. ,0. Po.
O. 'O. ,0.
O ,0. ,0.
O. 0

.507289671867890e-12, .25674285614386le-12, .106995654159298e-12,

.357010054530712e-13, .1336509080049909-13, .103688739617802e-13,

.153945281318991e-13, .442296011475829e-13,0.

.242801009643847e-13, .379406769464583e-13, .1032932061022289-12,

.303985221692275s-12, .5667446869360139-12,0.
-. 202633117430722,-11,

15
-. 193188343167425e-i1, .2083599231040069-12, .736164521906116e-13,

.184351629488553e-13, .601769194928280e-14, .565502952673846e-14,

.140270145151949e-13,0. , .117535892141563e-13,

.184303676358187e-13, .611485585252396e-13, .2558106678816659-12,

.751240904699352e-12,0. , .507388069483237e-12,

.208359923104008e-12,-.321462830954726e- 11, .1081600467133419-12,

.2316669743583549-13, .500234305775867e-14, .395907926194838e-14,

.957265698692689e-14,0. , .904084058110017e-14,

.182382555030407e-13, .88227274978910le-13, .769981212303294e-12,

.171410713161114e-11,0. , .256812848010057e-12,

.736164521906124e-13, .108160046713343e-12,-.648900629666057e-11,

.119574161548741e-12, .1627401923993759-13, .6121597795492329-14,
.129960973882287e-13,0. , .175684063706973e-13,
.633638152897204e-13, .897582983651582e-12, .432284871523266,-11,
.743798062795152e-12,0. , .1071019384444169-12,
.184351629488555e-13, .231666974358356e-13, .119574161548741e-12,

-. 860261704058893.-11, .120609445662042e-12, .2647554475947209-13,
.388162001239643e-13,0. , .862990825532188e-13,
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.8999448519826429-12, .625468448050384e-11, .897345986920372e-12,

.812050003357099e-13,0. , .3606042581440299-13,

.601769194928280e-14, .500234305775870e-14, .162740192399374e-13,

.1206094456620 41e-12,-.648579625935418e-11, .115405422719520e-12,

.137201781096807e-12,0. , .758657211616220e-12,

.433144416518702e-11, .900470022362800e-12, .635030001910238e-13,

.163321953197536e-13,0. , .148789609519974e-13,

.565502952673851e-14, .395907926194836e-14, .612159779549225e-14,

.264755447594718e-13, .115405422719519e-12,-.320758039590398e-11,

.364799538799933e-12,0. , .174854314174486e-11,

.791356356360189e-12, .977018937914038e-13, .215432066793363e-13,

.102767473531489e-13,0. , .157428371119678e-13,

.140270145151949e-13, .957265698692705e-14, .129960973882287e-13,

.388162001239639e-13, .137201781096805e-12, *364799538799933e-12,
-.237430928107661e-11,0. , .112863146826169e-11,

.444593016777269e-12, .121941015343015e-12, .388716812823824e-13,

.229647258493484e-13,0. , .398940846519102e-13,
O.o,. ,0.

0. ,0. ,0.
0. ,0. ,0.
0. Po. ,o.
O. to. ,0. t
.117535892141564e-13, .904084058110012e-14, .175684063706972e-13,
.862990825532188e-13, .758657211616216e-12, .174854314174485e-11,
.112863146826168e-11,0. ,-.535181666593690e-11,
.123051073157714e-11, .261266135470065e-12, .474553807919363e-13,
.208802550418498e-13,0. , .312104227139261e-13,
.184303676358188e-13, .182382555030409e-13, .633638152897208e-13,
.899944851982642e-12, .433144416518702e-11, .791356356360196e-12,
.444593016777269e-12,0. , .123051073157715e-11,
-.967549085448820.-11, .158727592504000e-11, .205030964803479e-12,
.437258549812006e-13,0. , .415765493501623e-13,
.611485585252400e-13, .882272749789101e-13, .897582983651598e-12,
.625468448050389e-11, .90047002236281Oe-12, .977018937914050e-13,
.121941015343015e-12,0. , .261266135470068e-12,
.158727592504002e-11,-.122016297955586e-10, .158004861104163.-11,
.247055510005390e-12,0. , .104227384844536e-12,
.255810667881665e-12, .769981212303300e-12, .43228487152326le-11,
.897345986920376e-12, .635030001910234e-13, .215432066793364e-13,
.388716812823824e-13,0. , .474553807919367e-13,
.205030964803477e-12, .158004861104163e-I1,-.969816245838507e-lt,
.119146256591330e-11,0. , .304260465344128e-12,
.751240904699358e-12, .171410713161114e-11, .743798062795145e-12,
.812050003357091e-13, .16332t953197535e-13, .tO2767473531491e-13,
.229647258493484e-13,0. , .208802550418497e-13,
.437258549812003e-13, .247055510005390e-12, .119146256591330e-tl,
-.540995163561470.-11,0. , .566902681709557e-12,
O. ,0D. - 0.
O. ,0. Po .

O* 0* Poo 9
0. ,0D. ,0.
0. ,0D. .0.

.507388069483244e-12, .256812848010057e-12, .107101938444415-12,

.360604258144027e-13, .148789609519973e-13, .157428371119677e-13,

.398940846519104e-13,0. , .312104227139261e-13,

.415765493501623e-13, .104227384844535e-12, .304260465344128e-12,

.566902681709557e-12,0. ,-.202605666843030e- 1,
18
-.135617936456010e-11, .531574859764988e-13, .479440223582410e-13,
.24872571717554le-13, .117876436951075e-13, .733912382686260e-14,
.677309041337300e-14,0. , .304155763591986e-13,
O. , .336954402358283e-13, .710980626888594e-13,
.172961739908241e-12, .371200743403906e-12, .396579355146276e-12,
O. , .128354508830113e-12,0.
.531574859764988e-13,-.20682190981092Sei-11, .618258127340921e-13,
.336457238686402e-13, .144954530951506e-13, .831148310219980e-14,
.733912382686260e-14,0. , .3318027117050119-13,
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O. , .386309144354798e-13, .887952038432252e-13,
.2583803363143149-12, .673544447575678e-12, .5904582482790149-12,

O. , .206454593887545e-12,0.
.4794402235824129-13, .618258127340925e-13,-.415980719659905e-11,
.708473346845126e-13, .2942657810822419-13, .144954530951512a-13,
.117876436951079e-13,0. , .549601089187487e-13,
0. , .755762926762542e-13, .216163345042352e-12,

.986816233072974e-12, .174551855471707e-11, .633242353732366e-12,
O. , .211203463763881e-12,0.

.248725717175540e-13, .336457238686400e-13, .708473346845122e-13,
-. 555293404415278- t 1, .708473346845122e-13, .336457238686410e-13,

.2487257171755599-13,0. , .112962996233427e-12,
0. , .224097465169818e-12, .974206729116311*-12,

.267166840257222e-l1, .974206729116305e-12, .224097465169836e-12,
O. , .112962996233434e-12,0.

.117876436951076e-13, .144954530951506e-13, .294265781082239e-13,

.708473346845134e-13,-.415980719659905e-11, .618258127340941l-13,

.479440223582428e-13,0. , .211203463763884e-12,
O. , .633242353732376e-12, .174551855471708e-11,
.986816233072980e-12, .216163345042372e-12, .755762926762889e-13,

O. , .549601089187487e-13,0.
.733912382686265e-14, .831148310219980e-14, .1449545309515129-13,
.3364572386864089-13, .618258127340933e-13,-.206821909810924e-11,
.531574859764992.-13,0. , .206454593887553e-12,

0. , .5904582482790149-12, .6735444475756879-12,
.2583803363143459-12, .887952038432619e-13, .386309144354822e-13,

O. , .3318027117050139-13,0.
.677309041337303e-14, .7339123826862609-14, .117876436951079e-13,
.248725717175559e-13, .479440223582426e-13, .5315748597649929-13,

-. 135617936456010Oe-11,0. , .128354508830116e-12,
O. , .3965793551462789-12, .37120074340391 19-12,

.172961739908307e-12, .7109806268886389-13, .336954402358297e-13,
0. , .3041557635919909-13,0.
O. 'O. ,0.
0. ,0. ,0.
0. D0. ,o.
O ,0. ,0.
O. '0. to.
O. D0. ,O.

.3041557635919869-13, .331802711705009e-13, .549601089187481e-13,
.112962996233427e-12, .211203463763883.-12, .206454593887553e-12,
.1283545088301169-12,0. ,-.316360509621620e-11,

O. , .701384482220776e-12, .724920594491348e-12,
.471037512222292e-12, .239709084856469e-12, .1252782813024449-12,

O. , .123743621959526e-12,0.
0. ,0. ,0.
0. ,0. ,0.
O. ,O. ,O.
O 0. ,0.
O, ,O. to.
O ,0o. ,0.

.3369544023582835-13, .3863091443548009-13, .755762926762542.-13,

.224097465169819e-12, .6332423537323799-12, .590458248279018e-12,

.396579355146279e-12,0. , .701384482220780e-12,
O. ,-.586459730597783e-11, .155452322203234e-11,

.960808722393622e-12, .370226171443585e-12, .160096356909949e-12,
O. , .125278281302440e-12,0.

.7109806268885949-13, .8879520384322489-13, .216163345042352e-12,

.974206729116305e-12, .174551855471707e-11, .673544447575681e-12,

.371200743403913e-12,0. , .724920594491348e-12,
O. , .155452322203235e-1i,-.107017404196865e-10,
.266364371330384e-il, .100819054717142e-11, .370226171443598e-12,
0. , .239709084856459e-12,0.

.17296173990824 le-12, .258380336314314e-12, .9868162330729749-12,

.267166840257224e-11, .986816233072980e-12, .2583803363t4343e-12,

.172961739908307e-12,0. , .471037512222292e-12,
O. , .960808722393635e-12, .266364371330384e-11,
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-. 136989649170027e-10, .266364371330378e-11, .960808722393589e-12,
0. , .471037512222256e-12,0. I

.371200743403906e-12, .67354444757567le-12, .174551855471707e-11,

.974206729116298e-12, .216163345042371e-12, .887952038432619e-13,

.710980626888634e-13,0. , .239709084856468e-12,
0. , .370226171443585e-12, .100819054717143e-11,
.266364371330375e-11,-.107017404196869e-10, .155452322203232e-11,

0. , .724920594491322e-12,0.
.396579355146276e-12, .590458248279018e-12, .633242353732360e-12,
.224097465169834e-12, .755762926762889e-13, .386309144354822e-13,
.336954402358297e-13,0. , .125278281302444e-12,

0. , .160096356909949e-12, .370226171443598e-12,
.960808722393589e-12, .155452322203233e-11,-.586459730597783e-11,

o. , .701384482220767e-12,0.
O. ,. ,P.
o. ,0. ,0. D

O. ,o. ,o.
0. ,0o. PO.

. POO Po.
O. ,0. ,o.

.1283545088301l2e-12, .206454593887546e-12, .21 1203463763879e-12,

.112962996233434e-12, .549601089187485e-13, .331802711705013e-13,

.304155763591990e-13,0. , .123743621959526e-12,
0. , .125278281302439e-12, .239709084856461e-12,

.471037512222260e-12, .724920594491325e-12, ,701384482220767e-12,
o. ,-.316360509621620e-11,0.
Oo too ,0.
o. ,0. Po.
o. ,o. , 0 . D

O. Do. Po.
o. Do. ,0. v
o. ,o. to.

19
-. 135622571935770-i11, .531129587916112e-13, .478887819447017e-13,

.247694389769935e-13, .115413076187354e-13, .687356607008705e-14,

.902913604041857e-14, .186211841044261e-13, .192406925355435e-13,
0. Do. , .307416997086069e-13,

.679652330442226e-13, .171443993744112e-12, .370584539657014e-12,

.396290501079100e-12.0. D .128122686042007e-12,
0.

.531129587916120e-13,-.2068261920273i8e-11, .617729180533640e-13,

.335470109740546e-13> .142601819729739e-13, .788363347824735e-14,

.100423435534082e-13, .194024 151412534e-13, .205509087691686e-13,
0. ,0. , .356800214538423e-13,

.857463562670515e-13, .256908051372215e-12, .672947317744906e-12,

.590178629173708e-12.0. .206229173527337e-12,
O. ,

.478887819447023e-13, .617729180533640e-13,-.415986888125410e-11,

.707431478025749e-13, .291937317091367e-13, .141199440526771e-13,

.170785534900312e-13, .290637226209579e-13, .324376014078190e-13,
0. ,o. , .715975497992799e-13,

.212385905532131e-12, .985011438096078e-12, .174477645209137e-11,

.632890625938009e-12,0. , .210908508715901e-12,
0. p

.247694389769936e-13, .335470109740544e-13. .707431478025745e-13,
-. 555303965497045e-il, .707593083112830e-13, .3368510486214029-13,

.381380177283289e-13, .548453487964313e-13, .613531325238867e-13,
0. ,0. , .217962862432197e-12,

.969119477397099e-12, .266917554494634e-1l, .973052403908766e-12,

.223502316688891e-12,0. , .112386539621457e-12,
O. 0

.1154130761873559-13, .142601819729739e-13, .291937317091365e-13,

.707593083112834e-13, -. 415936721599184e-11, .630459494461904e-13,

.762256249565151e-13, .101158544862732e-12, .105968018348339e-12,
0. Do. , .623809464331108e-12,

.173844468548250e-11, .983027207417234e-12, .214009205930361e-12,

.743338180523391e-13,0. , .535901675523908e-13,
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O. p
.687356607008710e-14, .788363347824730e-14, .141199440526772e-13,
.336851048621404e-13, .630459494461908a-13,-.20665564634482le-11,
.818163764943257e-13, .110416822255357J-12, .110432213261358e-12,
0. ,0. , .575782802539456e-12,
.659933089553485e-12, .251063311322971e-12, .846487815640761-13,
.362309765091499.-13,0. , .3062389203871379-t3,

O.
.9029136040418689-14, .100423435534082e-13, .170785534900310e-13,
.381380177283287e-13, .762256249565151-13, .818163764943261e-13,

-.200496910064044e-11, .184787201991711l-12, .175510311687649e-12,
O. ,0. , .5240294369651lOe-12,
.482537779453954e-12, .229565467128245e-12, .935025551647920e-13,
.436224539276835e-13,0. , .390838420582632,-13,

O. V
.186211841044262e-13, .194024151412533e-13, .290637226209577e-13,
.548453487964311e-13, .1011585448627339-12, .110416822255358e-12,
.184787201991713e-12,-.243306449401997e-1i, .184879697017190e-12,
O. ,o. , .5201761218274069-12,
.549417044648828e-12, .330168112632139e-12, .163476017255787e-12,
.851603129407081e-13,0. , .814919479250742e-13,

O. I
.192406925355435e-13, .205509087691686e-13, .324376014078190e-13,
.613531325238863e-13, .105968018348339e-12, .1104322132613589-12,
.1755103116876489-12, .184879697017187e-12,-.199711565810090e-11,

O. ,O. , .326828474820125S-12,
.3917899032527019-12, .2663651025598369-12, .1441237817981400-12,
.782438205371123e-13,0. , .793919995821058a-13,
0.
O ,0o. 'O.
0. 0. ,O.
O 'O. DO.
O 'O. ,O.
O, ,0. ,O*
O. ,o. ,0.
O.
O ,0o. ,O.
O to. ,O.
0. ,O. ,O.
O. ,0. D0.
0. ,0 . ,0
O, 'O. 'O.
O. 0
.307416997086072e-13, .35680021453842le-13, .7t59754979927950-13,
.217962862432197e-12, .6238094643311080-12, .575782802539456e-12,
.524029436965107e-12, .520176121827403e-12, .326828474820128e-12,
O. ,0. ,-.592082470133111e-11,
.147662966544675e1 1, .913468824732964e-12, .345409433754797e-12,
.146592972423591t-12,0.

O. p
.679652330442234e-13, .8574635626705159-13,
.969119477397106o-12, .173844468548250.-il,
.482537779453954e-t2, .5494170446488329-12,

O. ,0. A
-.108011148654844e-10, .260742839144985e-lt,
.354927775970080e-12,0.

O. 2
.171443993744113a-12, .256908051372215e-12,
.266917554494635.-il, .983027207417240e-12,
.229565467128246e-12, .3301681t26321390-12,

O. Do. 0
.260742839144985.-11,-.137294219825220e-10,
.953076808326309e-12,0.

O.
.370584539657017e-12, .672947317744906a-12,
.973052403908766e-12, .2140092059303599-12,
.935025551647924e-13, .1634760172557879-12,

.112115371095575e-12,

.212385905532129e-12,

.659933089553489.-i2,

.391789903252701e-12,

.147662966544675e-il,

.979762844677665e-12,

.225026713307987e-12,

.985011438096072e-12,

.251063311322971e-12,

.266365102559838e-12,

.9134688247329719-12,

.264892898806461.-11,

.463790740728695-12,

.174477645209139.-11,

.846487815640761e-13,

.144123781798139e-12,
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0. ,0. , .345409433754797e-12,
.979762844677658e-12, .264892898806455e-1l,-.107083677413588e-10,
.155118591943765e-?l,0. , .721959500309128e-t2,
0. .
.396290501079102e-12, .590178629173711e-12, .632890625938009e-12,
.223502316688890e-12, .743338180523391t-13, .3623097650914999-13,
.436224539276835e-13, .85160312940708te-13, .782438205371127e-13,

0. ,0. , .146592972423591,-12,
.354927775970080e-12, .953076808326303c-12, .155118591943765e-I1,
-.58662308323067te-t1,0. , .699993901302484e-12,
0.
O. ,0. Po.
0O. ,0. ,0.
0. ,0. ,0.
0. , 0. ,0.

0O. ,0. ,0.
0. 0
.128122686042009e-12, .206229173527338e-12, ;.210908508715900e-12,
.112386539621457e-12, .5359016755239069-13, .306238920387137e-13,
.390838420582630e-13, .814919479250742e-13, .793919995821054e-13,
0. ,0. , .112115371095576e-12,
.225026713307987e-12, .463790740728695e-12, .721959500309132e-12,
.699993901302481e-12,0. ,-.316471498380704e-11,
0.
0. ,D. ,0.
0O. ,0. ,0.
0. ,0. ,O.
0. ,0. ,0.
0. ,0D. ,0.
0. ,o. ,0.
0.
1/radp/iregs
3
0.4,0.5,17,19,10,10,5,27
0.4,0.5,17,19,18,18,5,27
0.4,0.5,17,19,26,26,5,27
1/radp/Jregs
4
0.4,0.5,2,2,1,3,5,27
0.4,0.5,2,2,33,35,5,27
0.4,0.5,10,10,1,3,5,27
0.4,0.5,10,10,33,35,5,27
t/radp/kregs
13
0.8,0.8,2,17,10,10,27,29
0.8,0.8,2,17,18,18,27,29
0.8,0.8,2,17,26,26,27,29
0.8,0.8,2,2,3,33,27,29
0.8,0.8,10,10,3,33,27,29
0.8,0.3,4,8,4,8,26,29
0.8,0.3,4,8,12,16,26,29
0.8,0.3,4,8,20,24,26,29
0.8,0.3,4,8,28,32,26,29
0.8,0.3,12,16,4,8,26,29
0.8,0.3,12,16,12,16,26,29
0.8,0.3,12,16,20,24,26,29
0.8,0.3,12,16,28,32,26,29
1/rodr/notes
2
castor-ic does not use the
radr radiation model
1/radr/h
0
i/radr/Ireg
0
i/radr/It4
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0
l/reba
20.0,1
1/hydro
1.0,0.2,-7,0,0.5,1.0,-0.05
0,0.1e-3,0.2
0,0,1.0
0.659+6,483.0,0.6472e-4
0.0,0.0,-1.0
0.7e-4,0.4e-6
1/hydro/monitor/mx
0
0,0,0
1/hydro/monitor/my
0
0,0,0
1/hydro/monitor/mz
0
0,0,0
i/hydro/specs vis boundary
1
O.1.-19,1.0,1.0,2.0,34.0,2.0,26.0,
189*0.0
1/hydro/specs vis Inside
28
O.le+10,2.0,2.0,3.0,33.0,3.0,25.0,
O.le+10,10.0,10.0,3.0,33.0,3.0,25.0,
O.le+10,3.0,17.0,10.0,10.0,3.0,25.0,
0.1,+10,3.0,17.0,18.0,18.0;3.0,25.0,
0.1,+10,3.0,17.0,26.0,26.0,3.0,25.0,
1.0,2.0,2.0,8.0,28.0,3.0,3.0,
1.0,10.0,10.0,8.0,28.0,3.0,3.0,
1.0,3.0,12.0,10.0,10.0,3.0,3.0,
1.0,3.0,12.0,18.0,18.0,3.0,3.0,
1.0,3.0,12.0,26.0,26.0,3.0,3.0,
0. 1+10,4.0,8.0,4.0,8.0,4.0,4.0,
O.l+.10,12.0,16.0,4.0,8.0,4.0,4.0,
O.le+10,4.0,8.0,12.0,16.0,4.0,4.0,
O.le+10,12.0,16.0,12.0,16.0,4.0,4.0,
0.19+10,4.0,8.0,20.0,24.0,4.0,4.0,
0.1.+10,12.0,16.0,20.0,24.0,4.0,4.0,
0.1,+10,4.0,8.0,28.0,32.0,4.0,4.0,
O.le+10,12.0,16.0,28.0,32.0,4.0,4.0,
1.0,5.0,7.0,5.0,7.0,4.0,4.0,
1.0,13.0,15.0,5.0,7.0,4.0,4.0,
1.0,5.0,7.0,13.0,15.0,4.0,4.0,
1.0,13.0,15.0,13.0,15.0,4.0,4.0,
1.0,5.0,7.0,21.0,23.0,4.0,4.0,
1.0,13.0,15.0,21.0,23.0,4.0,4.0,
1.0,5.0,7.0,29.0,31.0,4.0,4.0,
1.0,13.0,15.0,29.0,31.0,4.0,4.0,
O.le+10,9.0,11.0,9.0,11.0,2.0,2.0,
0.1e+10,9.0,11.0,25.0,27.0,2.0,2.0
1/propm
1.Oe+4
1/propm/ax
0
-1.0,6*0
1/propm/ay
0
-1.0,6*0
1/propm/az
0
-1.0,6*0
1/propm/axi
0
0.28,4,4,4,32,3,3
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0.28,7,7,4,32,3,3
0.28,12,12,4,32,3,3
0.28,15,15,4,32,3,3
1.0,4,15,8,12,3,3
1.0,4,15,16,20,3,3
1.0,4,15,24,28,3,3
-1.0,6*0
I/propm/ayl
0
0.28,5,15,4,4,3,3
0.28,5,15,7,7,3,3
0.28,5,15,12,12,3,3
0.28,5,15,15,15,3,3
0.28,5,15,20,20,3,3
0.28,5,15,23,23,3,3
0.28,5,15,28,28,3,3
0.28,5,15,31,31,3,3
1.0,8,12,4,31,3,3
-1.0,6*0
1/propm/azl
0
0.1e-6,2,17,3,33,2,2,
0. le-6,5,7,5,7,3,3,
0. le-6,13,15,5,7,3,3,
0.1e-6,5,7,13,15,3,3,
O.le-6,13,15,13,15,3,3,
0. le-6,5,7,21,23,3,3,
0. le-6,13,15,21,23,3,3,
0. 1o-6,5,7,29,31,3,3,
0. 1,-6,13,15,29,31,3,3,
1.0,5,7,6,6,2,3,
1.0,6,6, 5,7,2,3,
1.0,13,15,6,6,2,3,
1.0,14,14,5,7,2,3,
1.0,5,7,14,14,2,3,
1.0,6,6,13,15,2,3,
1.0,13,15,14,14,2,3,
1.0,14,14,13,15,2,3,
1.0,5,7,22,22,2,3,
1.0,6,6,21,23,2,3,
1.0,13,15,22,22,2,3,
1.0,14,14,21,23,2,3,
1.0,5,7,30,30,2,3,
1.0,6,6,29,31,2,3,
1.0,13,15,30,30,2,3,
1.0,14,14,29,31,2,3,
-1.0,6*0
t/propm/por
0
-1.0,6*0
1 /propm/permx
0
0.29,2,17,3,33,2,2,
0. le+5,5,7,6,6,2,2,
0.1e+5,6,6,5,7,2,2,
0. le+5,13,15,6,6,2,2,
O.le+5,14,14,5,7,2,2,
0.1e+5,5,7,14,14,2,2,
0. 1e+5,6,6,13,15,2,2,
0. le+5,13,15,14,14,2,2,
0. 1.+5,14,14,13,15,2,2,
0. 1.+5,5,7,22,22,2,2,
0. le+5,6,6,21,23,2,2,
0. 1,+5,13,15,22,22,2,2,
0. 1.+5,14,14,21,23,2,2,
O.le+5,5,7,30,30,2,2,
0.le+5,6,6,29,31,2,2,
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0. le+5, 13,15,30,30,2,2,
0.1+5,14,14,29,31,2,2,
0.56,2,18,2,2,2,2,
0.56,2,18,34,34,2,2,
0.0078,4,8,4,8,5,24,
0.0078,12,16,4,8,5,24,
0.0078,4,8,12,16,5,24,
0.0078,12,16,12,16,5,24,
0.0055,4,8,20,24,5,24,
0.0055,12,16,20,24,5,24,
0.0055,4,8,28,32,5,24,
0.0055,12,16,28,32,5,24,
0.19,4,8,9,9,4,24,
0.19,12,16,9,9,4,24,
0.19,4,8,11,11,4,24,
0.19,12,16,11,11,4,24,
0.19,4,8,17,17,4,24,
0.19,12,16,17,17,4,24,
0.19,4,8,19,19,4,24,
0.19,12,16,19,19,4,24,
0.19,4,8,25,25,4,24,
0.19,12,16,25,25,4,24,
0.19,4,8,27,27,4,24,
0.19,12,16,27,27,4,24,
-1.0,6*0
1/propm/permy
0
0.29,2,17,3,33,2,2,
0. le+5,5,7,6,6,2,2,
0. le+5,6,6,5,7,2,2,
0. 1.+5,13,15,6,6,2,2,
0.le+5,14,14,5,7,2,2,
O.le+5,5,7,14,14,2,2,
0.1s+5,6,6,13,15,2,2,
0.1s+5,13,15,14,14,2,2,
0. 1e+5,14,14,13,15,2,2,
0. le+5,5,7,22,22,2,2,
0. 19+5,6,6,21,23,2,2,
O. le+5,13,15,22,22,2,2,
0. 1+5,14,14,21,23,2,2,
0. 1e+5,5,7,30,30,2,2,
0. le+5,6,6,29,31,2,2,
0. le+5,13,15,30,30,2,2,
0. 1&+5,14,14,29,31,2,2,
0.56,18,18,2,34,2,2,
0.0078,4,8,4,8,5,24,
0.0078,12,16,4,8,5,24,
0.0078,4,8,12,16,5,24,
0.0078,12,16,12,16,5,24,
0.0055,4,8,20,24,5,24,
0.0055,12,16,20,24,5,24,
0.0055,4,8,28,32,5,24,
0.0055,12,16,28,32,5,24,
0.19,3,3,4,8,4,24,
0.19,9,9,4,8,4,24,
0.19,11,11,4,8,4,24,
0.19,3,3,12,16,4,24,
0.19,9,9,12,16,4,24,
0.19,11,11,12,16,4,24,
0.19,3,3,20,24,4,24,
0.19,9,9,20,24,4,24,
0.19,11,11,20,24,4,24,
0.19,3,3,28,32,4,24,
0.19,9,9,28,32,4,24,
0.19,11,11,28,32,4,24,
-1.0,6*0
I/propm/permz
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0
0.56,2,18,2,2,2,2,
0.56,2,18,34,34,2,2,
0.56,18,18,3,33,2,2,
0.0155,4,8,4,8,5,24,
0.0155,12,16,4,8,5,24,
0.0155,4,8,12,16,5,24,
0.0155,12,16,12,16,5,24,
0.0103,4,8,20,24,5,24,
0.0103,12,16,20,24,5,24,
0.0103,4,8,28,32,5,24,
0.0103,12,16,28,32,5,24,
0.19,3,3,4,32,4,24,
0.19,9,11,4,32,4,24,
0.19,4,16,9,11.4,24,
0.19,4,16,17,19,4,24,
0.19,4,16,25,27,4,24,
0. 1+5,10,10,4,32,4,24,
0.1e+5,3,16,10,10,4,24,
O.le+5,3,16,18,18,4,24,
0.le+5,3,16,26,26,4,24,
-1.0,6*0
1/pdg
0.8,0.5e-5
1/piter
8,25
0.0,1.0,1.0
1/piter/norder
3
3,4,1,0
1/plies
0.2e-8, 1.3,4,0
1/rebq
2,0
1,1,1
0.le-20,0.le-20,0.le-20
1/rebq/krid
20
1,3,2,9,2,9,
2,2,10,10,2,7,
3,3,11,18,2,9,
4,1,10,10,8,9,
5,4,2,12,10,10,
6,1,13,18,10,10,
7,2,2,9,11,17,
8,2,10,10,11,17,
9,2,11,18,11,17,
10,4,2,12,18,18,
11,1,13,18,18,18,
12,2,2,9,19,25,
13,2,10,10,19,25,
14,2,11,18,19,25,
15,4,2,12,26,26,
16,1,13,18,26,26,
17,3,10,10,27,28,
18,1,2,9,27,34,
19,1,10,10,29,34,
20,0,11,18,27,34
1/rebq/kbid
101
1,2,1,4,1,5,2,
2,3,1,4,2,
3,4,-1,5,2,6,2,
4,5,2,
5,6,1,7,2,8,2,9,2,
6,9,2,
7,8,1,10,2,

C. 17



8,9,1,10,2,
9,10,2,11,2,
10,11,1,12,2,13,2,14,2,
11,14,2,
12,13, 1,15,2,
13,14,1,15,2,
14,15,2,16,2,
15,16,1,17,2,18,2,20,2,
16,20,2,
17,18,-1,19,2,20,1,
18,19,1,
19,20,1
I /rebq/Jr Id
20
1,2,2,9,2,2,
2,2,10,10,2,2,
3,3,11,17,2,2,
4,1,18,18,2,2,
5,2,2,9,3,3,
6,2,10,10,3,3,
7,2,11,12,3,3,
8,1,13,18,3,3,
9,2,2,9,4,12,
10,2,10,10,4,12,
11,1,11,18,4,12,
12,2,2,9,13,19,
13,2,10,10,13,19,
14,1,11,18,13,19,
15,2,2,9,20,25,
16,2,10,10,20,25,
17,1,11,18,20,25,
18,1,2,9,26,26,
19,1,10,10,26,26,
20,0,11,18,26,26
1/rebq/Jbid
83
1,2,1,5,3,
2,3,1,6,3,
3,4,1,7,3,8,3,
4,8,3,
5,6,1,9,3,
6,7,1,10,3,
7,8,1,11,3,
8,11,3,
9,10,1,12,3,
10,11,1,13,3,
11,14,3,
12,13,1,15,3,
13,14,1,16,3,
14,17,3,
15,16,1,18,3,
16,17,1,19,3,
17,20,3,
18,19,1,
19,20,1
I/rebq/lrId
30
1,3,2,9,2,2,
2,2,10,17,2,2,
3,2,18,18,2,2,
4,2,19,26,2,2,
5,2,27,34,2,2,
6,2,2,7,3,3,
7,3,8,17,3,3,
8,2,18,18,3,3,
9,3,19,28,3,3,
10,1,29,34,3,3,
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11,2,2,9,4,12,
12,2,10,17,4,12,
13,2,18,18,4,12,
14,2,19,26,4,12,
15,1,27,34,4,12,
16,2,2,9,13,19,
17,2,10,17,13,19,
18,2,18,18,13,19,
19,2,19,26,13,19,
20,1,27,34,13,19,
21,2,2,9,20,25,
22,2,10,17,20,25,
23,2,18,18,20,25,
24,2,19,26,20,25,
25,1,27,34,20,25,
26,1,2,9,26,26,
27,1,10,17,26,26,
28,1,18,18,26,26,
29,1,19,26,26,26,
30,0,27,34,26,26
1/rebq/ibtd
135
1,2,2,6,3,7,3,
2,3,2,7,3,
3,4,2,8,3,
4,5,2,9,3,
5,9,3,10,3,
6,7,2,11,3,
7,8,2,11,3,12,3,
8,9,2,13,3,
9,10,2,14,3,15,3,
10,15,3,
11,12,2,16,3,
12,13,2,17,3,
13,14,2,18,3,
14,15,2,19,3,
15,20,3,
16,17,2,21,3,
17,18,2,22,3,
18,19,2,23,3,
19,20,2,24,3,
20,25,3,
21,22,2,26,3,
22,23,2,27,3,
23,24,2,28,3,
24,25,2,29,3,
25,30,3,
26,27,2,
27,28,2,
28,29,2,
29,30,2
1/af
5,0
1/avg
0.0,0.75e+6
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APPENDIX D

HYDRA-II INPUT FILE FOR THE CASTOR-V/21 SPENT FUEL TEST--

VACUUM, VERTICAL ORIENTATION CASE

I/maIn
15
official classification of this report is
unclassified although the markings have not
been removed from each page. authorized by
s. e. gydesen, pnl classification officer and
b. J. merrill, manager, security on 10/3/85.
markings removed by r. a. mccann

date

so they chop and change, and each fresh move
Is Inly a fresh mistake.

robert service

Input for castor-v/21 11/14/85
source Is h2v, Input file Is Inh2v8
1/2 symmetry, vert., vac., n, 27.94kw, case 8
6,4,1
1,1,100
1.0,0,0,0
0
0,0.1,1.0,0.01
1.0,1.0,0.0
1.0,100,1
l/maIn/print plane options
2
1,15
2,25,2
1/maln/print arrays or Info
0.0,0/ptl
0.0,0/ptsl
1.0/pqbnd
l.0,1/pql
0.0,0/pqrad
0.0,0/ptsl
1.0,0/pt
1.0,0/pts
1.0,2/pmx
0.0,0/pmy
l.0,0/pmz
0.0,0/pdpf
0.0,0/ppf
1/grld
2.0,9,9,17,32
1/grid/teend

_ 1,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,16*24,
23,22,21,20,19,18,17,16,15,14,13,12,11,10,9,1
1/grld/jebeg
9*2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17
1/grid/Jeend
9*47,46,45,44,43,42,41,40,39,38,37,36,35,34,33,32
1/grld/lmend
9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,18*24,
23,22,21,20,19,18,17,16,15,14,13,12,11,10,9
1/grid/Jmbeg
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10*2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1/grid/Imend
10*47,46,45,44,43,42,41,40,39,38,37,36,35,34,33
1/grid/icart
2,3,4,5,6,7,8,9,
10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,16*25,
24,23,22,21,20,19,18,17,16,15,14,13,12,11,10,
9,8,7,6,5,4,3,2
1/grild/Jcart
8*1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,
37,38,39,40,41,42,43,44,45,46,47,8*48
1/grId/Isend
31*7
I/grId/dx
1.0,5.0,0.5,5.5,2.0,4.02422514,1.0,3.97577486,1.0,
2*8.51211257,1.0,3.97577486,1.0,2.59636862,1.0,
6.93008731,0.8619833,2.10139183,0.75998222,2.77441184,
0.63974744,4.61506347,3.31733259,1.0
1/grld/dy
1.0,3.31733259,4.61506347,0.63974744,2.77441184,
0.75998222,2.10139183,0.8619833,6.93008731,1.0,
2.59636862,1.0,3.97577486,1.0,2*8.51211257,1.0,
3.97577486,1.0,4.02422514,2.0,5.5,0.5,2*5.0,0.5,
5.5,2.0,4.02422514,1.0,3.97577486,1.0,2*8.51211257,
1.0,3.97577486,1.0,2.59636862,1.0,6.93008731,
0.8619833,2.10139183,0.75998222,2.77441184,
0.63974744,4.61506347.3.31733259,1.0
I/grld/dz
1.0,18.0,14.0,3.0,7.0,10.0,12.5,15.0,17.5,20.0,
22.5,25.0,27.0,27.3,27.4,27.3,27.0,25.0,22.5,20.0,
17.5,15.0,12.5,9.5,9.0,9.0,6.5,5.5,23.5,9.3,1.0
1/grid/dr
75.2,1.0,10.0,3.2,2*10.0,4.8,1.0
1/prop

1.0,220.0,0.0,0.14,0.333
1.0,220.0,0.0,0.27,0.25
1/prop/cconO,cconl,ccon3
9
low conductivity
0.le-20,0.0,0.0
high conductivity
O.le+20,0.0,0.0
nitrogen (backfilI gas)
0.0759-3,0.6167e-6,0.0
Sst
0.09215,0.1465e-3,0.0
boron steel (radlonox)
0.079,0.21e-3,0.0
nodular cast Iron
0.5162,-0.3205e-3,0.0
epoxy (not used)
0.15e-2,0.0,0.0
hellum (not used)
0.52e-3,0.32e-5,0.0
air (not used)
0.6880e-4,0.63409-6,0.0
1/prop/specs def. 01 Isotropic and 11 parallel
27
1.0,1.0,1.0,1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,1.0,4.0,1.0,
5.0,1.0,5.0,1.0,
6.0,2.0,3.0,1.0,

5.0,1.0,
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7.0,1.0,5.0,0.7816,
8.0,2.0,3.0,0.5,

5.0,0.5,
9.0,1.0,3.0,2.0,
10.0,1.0,3.0,0.5,
11.0,1.0,5.0,2.0,
12.0,1.0,5.0,0.5,
13.0,2.0,3.0,0.6444,

4.0,0.3556,
14.0,1.0,3.0,1.552,
15.0,2.0,3.0,1.289,

4.0,0.7112,
16.0,2.0,3.0,0.3222,

4.0,0.1778,
17.0,1.0,3.0,3.104,
18.0,1.0,3.0,3.190,
19.0,1.0,3.0,1.431,
20.0,2.0,3.0,0.7221,

4.0,0.2779,
21.0,2.0,3.0,0.8222,

4.0,1.778,
22.0,1.0,3.0,1.355,
23.0,1.0,3.0,1.276,
24.0,2.0,3.0,4.669,

4.0, 1.143,
25.0,2.0,3.0,7.366,

4.0,0.7366,
26.0,1.0,6.0,1.0,
27.0,1.0,4.0,8.0,
24*0.0
1/prop/specs def. 21 series
11
32.0,3.0,1.0,0.0,0.0,0.5,
33.0,3.0,0.5,0.0,0.0,0.5,
34.0,4.0,4.572,0.0,0.0,0.0,
35.0,3.0,4.669,0.0,0.0,0.0,
36.0,4.0,2.946,0.0,0.0,0.0,
37.0,3.0,7.366,0.0,0.0,0.0,
38.0,3.0,0.3,0.2,0.2,0.5,
39.0,1.0,1.0,0.2,1.0,0.5,
40.0,3.0,0.35,0.83,0.45,0.0,
41.0,3.0,0.35,0.83,0.45,1.0,
42.0,1.0,1.0,0.8,1.0,0.5,
84*0.0
1/prop/specs def. 31 fuel assembly
I
45.0,3.0,0.9484,1.072,1.430,0.0209,0.1150,0.8,0.95,
141*0.0
1/prop/Index
158,332
1,1,2,47,2,30,1,1,1,
2,24,2,47,1,1,1,52,42,
2,24,2,47,30,30,3,51,39,1,1,2,1,
2,24,2,47,4,27,1,4,3,
5,5,2,47,5,26,1,4,5,
2,24,21,21,5,26,1,4,5,
2,24,28,28,5,26,1,4,5,
2,4,21,21,5,26,2,12,6,15,6,
2,4,28,28,5,26,2,12,6,15,6,
5,5,22,27,5,26,2,14,6,16,6,
2,2,20,20,5,26,1,42,32,
4,4,20,20,5,26,1,42,32,
2,2,28,28,5,26,1,42,32,
4,4,28,28,5,26,1,42,32,
5,5,22,22,5,26,1,41,32,
5,5,24,25,5,26,1,41,32,
5,5,27,27,5,26,1,41,32,
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2,4,10,10,5,26,1,4,5,
2,4,12,12,5,26,1,4,5,
2,4,17,17,5,26,1,4,5,
2,4,32,32,5,26,1,4,5,
2,4,37,37,5,26,1,4,5,
2,4,39,39,5,26,1,4,5,
9,9,22,27,5,26,1,4,5,
14,14,22,27,5,26,1,4,5,
16,16,22,27,5,26,1,4,5,
8,12,4,4,5,26,3,1,7,2,5,3,7,
8,12,45,45,5,26,3,1,7,2,5,3,7,
22,22,14,18,5,26,3,1,5,2,7,3,7,
22,22,31,35,5,26,3,1,5,2,7,3,7,
6,12,14,14,5,26,1,4,5,
6,12,35,35,5,26,1,4,5,
12,12,15,20,5,26,1,4,5,
12,12,29,34,5,26,1,4,5,
7,24,19,19,5,26,1,4,5,
7,24,30,30,5,26,1,4,5,
7,7,2,18,5,26,1,4,5,
7,7,31,47,5,26,1,4,5,
12,12,5,13,5,26,4,1,5,14,8,16,8,41,33,
12,12,36,44,5,26,4,1,5,14,8,16,8,41,33,
13,21,14,14,5,26,3,12,8,2,5,15,8,
13,21,13,13,5,26,1,42,33,
13,21,35,35,5,26,4,12,8,2,5,15,8,42,33,
2,5,11,11,4,27,3,1,9,2,10,3,9,
2,5,38,38,4,27,3,1,9,2,10,3,9,
15,15,21,28,4,27,3,1,10,2,9,3,9,
5,5,11,11,5,26,3,1,11,2,12,3,11,
5,5,38,38,5,26,3,1,11,2,12,3,11,
15,15,21,21,5,26,3,1,12,2,11,3,11,
15,15,28,28,5,26,3,1,12,2,11,3,11,
3,3,11,11,5,26,3,1,15,2,16,3,17,
3,3,38,38,5,26,3,1,15,2,16,3,17,
15,15,23,23,5,26,3,1,16,2,15,3,17,
15,15,26,26,5,26,3,1,16,2,15,3,17,
3,3,18,20,5,26,3,1,13,2,13,3,14,
3,3,29,31,5,26,3,1,13,2,13,3,14,
6,8,23,23,5,26,3,1,13,2,13,3,14,
6,8,26,26,5,26,3,1,13,2,13,3,14,
6,6,4,4,5,26,3,1,20,2,18,3,19,
6,6,45,45,5,26,3,1,20,2,18,3,19,
22,22,20,20,5,26,3,1,18,2,20,3,19,
22,22,29,29,5,26,3,1,18,2,20,3,19,
6,6,17,17,5,26,3,1,21,2,22,3,23,
6,6,32,32,5,26,3,1,21,2,22,3,23,
9,9,20,20,5,26,3,1,22,2,21,3,23,
9,9,29,29,5,26,3,1,22,2,21,3,23,
2,4,2,9,6,25,1,31,45,
2,4,13,16,6,25,1,31,45,
2,4,22,27,6,25,1,31,45,
2,4,33,36,6,25,1,31,45,
2,4,40,47,6,25,1,31,45,
8,11,5,13,6,25,1,31,45,
8,11,15,18,6,25,1,31,45,
8,11,31,34,6,25,1,31,45,
8,11,36,44,6,25,1,31,45,
10,13,22,27,6,25,1,31,45,
17,24,22,27,6,25,1,31,45,
13,21,15,18,6,25,1,31,45,
13,21,31,34,6,25,1,31,45,
2,4,2,9,5,5,5,11,24,13,24,3,2,23,34,23,35,
2,4,13,16,5,5,5,11,24,13,24,3,2,23,34,23,35,
2,4,22,27,5,5,5,11,24,13,24,3,2,23,34,23,35,
2,4,33,36,5,5,5,11,24,13,24,3,2,23,34,23,35,
2,4,40,47,5,5,5,11,24,13,24,3,2,23,34,23,35,
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8,11,5,13,5,5,5,11,24,13,24,3,2,23,34,23,35,
8,11,15,18,5,5,5,11,24,13,24,3,2,23,34,23,35,
8,11,31,34,5,5,5,11,24,13,24,3,2,23,34,23,35,
8,11,36,44,5,5,5,11,24,13,24,3,2,23,34,23,35,
10,13,22,27,5, 5, 5,11,24,13,24,3,2,23,34,23,35,
17,24,22,27,5,5,5,11,24,13,24,3,2,23,34,23,35,
13,21,15,18,5,5,5,11,24,13,24,3,2,23,34,23,35,
13,21,31,34,5,5,5,11,24,13,24,3,2,23,34,23,35,
2,4,2,9,26,26,5,11,25,13,25,3,2,23,36,23,37,
2,4,13,16,26,26,5,11,25,13,25,3,2,23,36,23,37,
2,4,22,27,26,26,5,11,25,13,25,3,2,23,36,23,37,
2,4,33,36,26,26,5,11,25,13,25,3,2,23,36,23,37,
2,4,40,47,26,26,5,11,25,13,25,3,2,23,36,23,37,
8,11,5,13,26,26, 5,11,25,13,25,3,2,23,36,23,37,
8,11,15,18,26,26,5,11,25,13,25,3,2,23,36,23,37,
8,11,31,34,26,26,5,11,25,13,25,3,2,23,36,23,37,
8,11,36,44,26,26,5,11,25,13,25,3,2,23,36,23,37,
10,13,22,27,26,26,5,11,25,13,25,3,2,23,36,23,37,
17,24,22,27,26,26,5,11,25,13,25,3,2,23,36,23,37,
13,21,15,18,26,26,5,11,25,13,25,3,2,23,36,23,37,
13,21,31,34,26,26,5,11,25,13,25,3,2,23,36,23,37,
2,24,2,47,2,3,1,4,26,
2,24,2,47,28,29,1,4,4,
3,3,10,12,4,4,1,3,27,
3,3,37,39,4,4,1,3,27,
14,16,23,23,4,4,1,3,27,
14,16,26,26,4,4,1,3,27,
2,4,1,1,5,26,1,42,41,
2,4,9,9,5,26,1,42,40,
2,4,12,12,5,26,1,42,41,
2,4,16,16,5,26,1,42,40,
2,4,21,21,5,26,1,42,41,
2,4,27,27,5,26,1,42,40,
2,4,32,32,5,26,1,42,41,
2,4,36,36,5,26,1,42,40,
2,4,39,39,5,26,1,42,41,
2,4,47,47,5,26,1,42,40,
4,4,2,9,5,26,1,41,40,
4,4,13,16,5,26,1,41,40,
4,4,22,27,5,26,1,41,40,
4,4,33,36,5,26,1,41,40,
4,4,40,47,5,26,1,41,40,
8,11,4,4,5,26,1,42,41,
8,11,13,13,5,26,1,42,40,
8,11,14,14,5,26,1,42,41,
8,11,18,18,5,26,1,42,40,
8,11,30,30,5,26,1,42,41,
8,11,34,34,5,26,1,42,40,
8,11,35,35,5,26,1,42,41,
8,11,44,44,5,26,1,42,40,
7,7,5,13,5,26,1,41,41,
7,7,15,18,5,26,1,41,41,
7,7,31,34,5,26,1,41,41,
7,7,36,44,5,26,1,41,41,
11,11,5,13,5,26,1,41,40,
11,11,15,18,5,26, 1,41,40,
11,11,31,34,5,26,1,41,40,
11,11,36,44,5,26,1,41,40,
10,13,21,21,5,26,1,42,41,
10,13,27,27,5,26,1,42,40,
9,9,22,27,5,26,1,41,41,
14,14,22,27,5,26,1,41,40,
16,16,22,27,5,26,1,41,41,
24,24,22,27,5,26,1,41,40,
17,24,21,21,5,26,1,42,41,
17,24,27,27,5,26,1,42,40,
13,21,14,14,5,26,1,42,41,
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13,21,18,18,5,26,1,42,40,
13,21,30,30,5,26,1,42,41,
13,21,34,34,5,26,1,42,40,
12,12,15,18,5,26,1,41,41,
12,12,31,34,5,26,1,41,41,
21,21,15,18,5,26,1,41,40,
21,21,31,34,5,26,1,41,40,
65*0
1/therm
0.5,1.053,0.5
1.0,100,50
1/therm/monitor/t
12
2,24,7
2,24,11
2,24,15
2,24,16
2,24,18
2,24,22
2,41,7
2,41,11
2,41,15
2,41,16
2,41,18
2,41,22
000
1/therm/q weighting factor
1.0,2,4,2,9
1.0,2,4,13,16
1.0,2,4,22,27
1.0,2,4,33,36
1.0,2,4,40,47
1.0,8,11,5,13
1.0,8,11,15,18
1.0,8,11,31,34
1.0,8,11,36,44
1.0,10,13,22,27
1.0,17,24,22,27
1.0,13,21,15,18
1.0,13,21,31,34
0.0,4*0
1/therm/group power
550.5,2,4,2,9
550.5,2,4,13,16
503.0,2,4,22,27
550,5,2,4,33,36
550.5,2,4,40,47
1771.0,8,11,5,13
989,0,8,11,15,18
989.0,8,11,31,34
1771.0,8,11,36,44
1101.0,10,13,22,27
1101.0,17,24,22,27
1771.0,13,21,15,18
1771.0,13,21,31,34
0.0,4*0
1/therm/relact
4*0.0,0.5,0.72,0.94,1.12,1.19,1.23,5*1.24,
1.23,1.21,1.16,1.03,0.83,0.61,0.44,0.26,6*0.0
l/therm/pqgen
0.0
I/therm/tcen
0,24.5
380.0,385.0,395.0,410.0,430.0,470.0,505.0,545.0,575.0,
610.0,640.0,660.0,5*673.0,655.0,635.0,600.0,570.0,
535.0,510.0,475.0,445.0,415.0,395.0,385.0,380.0
1/therm/tsl

D.6



0,0
62*298.0,1798*373.0,62*298.0
1/therm/delta
0
2,18,2,34
29*0.0
1/rebt
I.Oe+5,12,1
1/props

1.0,220.0,0.0,0.14,0.333
1.0,220.0,0.0,0.27,0.25
1.0,3.5,0.0,0.45,0.25
1/props/cconO,cconl,ccon3
8
low conductivity
O.le-20,0.0,0.0
high conductivity
0.1.+20,0.0,0.0
nitrogen (backfill gas)
0.075e-3,0.6167e-6,0.0
sst
0.09215,0.1465e-3,0.0
nodular cast iron
0.5162,-0.3205e-3,0.0
air
0.688e-4,0.634e-6,0.0
epoxy (not used)
0.lSe-2,0.0,0.0
helium (not used)
0.52e-3,0.32e-S,0.0
1/props/specs def. 01 Isotropic and 11 parallel
9
1.0, 1.0, 1.0, 1.0,
2.0,1.0,2.0,1.0,
3.0,1.0,3.0,1.0,
4.0,1.0,4.0,1.0,
5.0,1.0,5.0,1.0,
6.0,1.0,6.0,1.0,
7.0,1.0,5.0,0.2259,
8.0,1.0,5.0,0.310,
9.0,1.0,5.0,0.5172,
64*0.0
1/props/specs def. 21 series
10
20.0,3.0,0.1,0.2,0.25,0.5,
21.0,3.0,0.15,0.2,0.25,0.5,
22.0,3.0,0.3,0.2,0.2,0.5,
23.0,3.0,5.0,0.2,0.2,0.5,
24.0,1.0,1.0,0.2,1.0,0.5,
25.0,6.0,0.1,0.2,0.25,0.5,
26.0,1.0,1.0,0.3,1.0,0.5,
27.0,1.0,1.0,0.96,1.0,0.5,
28.0,1.0,1.0,0.8,1.0,0.5,
29.0,3.0,0.001,0.2,0.25,0.5,
40*0.0
1/props/Index
21,30
1,1,2,63,2,30,1,1,1,
2,7,1,1,2,30,1,2,1,
2,7,64,64,2,30,1,2,1,
2,7,2,63,1,1,1,52,28,
2,2,2,63,2,3,1,4,5,
2,2,2,63,4,5,1,4,3,
2,2,2,63,6,24,2,4,4,41,29,
2,2,2,63,25,27,1,4,3,
2,2,2,63,28,28,2,4,4,41,20,
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2,3,2,63,29,29,1,4,4,
4,7,2,63,27,29,1,4,5,
4,4,2,63,29,29,3,4,4,41,21,43,23,
3,3,2,63,2,28,1,4,5,
4,5,2,63,2,26,3,1,7,2,8,3,9,
6,7,2,63,2,26,1,4,5,
2,5,2,63,30,30,3,1,1,2,1,51,24,
5,5,2,63,30,30,1,41,25,
6,7,2,63,30,30,2,4,5,51,26,
7,7,2,63,2,5,1,53,26,
7,7,2,63,6,27,1,53,27,
7,7,2,63,28,30,1,53,26,
48*0
1/tslde
0,298.0,0.5
1Itsde/monitor/ts
4
7,63,6
7,63,15
7,63,18
7,63,26
0,0,0
1/tside/delta
0
29*0.0
1/radc
0
1/radc/Index
18
22,1,12,1,1,1
22,1,12,1,2,1
22,1,18,2,3,2
22,1,8,3,4,3
22,1,8,3,5,3
22,1,14,4,6,4
22,1,24,5,7,5
22,1,24,5,8,5
22,1,26,6,9,6
22,1,26,7,tO,6
22,1,26,7,11,6
22,1,26,6,12,6
22,1,10,8,13,7
22,1,10,9,14,7
22,1,10,9,15,7
22,1,10,8,16,7
22,1,27,10,17,8
22,1,27,10,18,8
1/radc/kcell
22,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26
1/radc/Icell
12,2,3,4,3*5,4,3,2,3*1
18,6,7,8,6*9,8,7,6,6*5
8,2,3,4,5,4,3,2,1
14,15,6*16,15,6*14
24,6,6*7,8,9,10,11,12,11,10,9,8,7,6,6*5
26,6,12*7,6,12*5
26,25,24,23,22,21,20,19,18,17,16,15,14,13,12,13,14,15,16,17,18,19,20,21,

22,23,24
10,8,9,10,11,11,10,9,8,7,7
10,2*25,24,23,4*22,23,24
27,13,14,15,16,17,18,19,20,21,21,20,19,18,17,16,15,14,13,9*12
1/radc/Jcel
12,3*17,18,19,20,3*21,20,19,18
12,3*32,31,30,29,3*28,29,30,31
18,3*21,22,23,24,25,26,27,3*28,27,26,25,24,23,22
8,3*10,11,3*12,11
8,3*39,38,3*37,38
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14,21,22,23,24,25,26,27,28,27,26,25,-24,23,22
24,14,15,16,17,18,6*19,20,6*21,20,19,18,17,16,15
24,35,34,33,32,31,6*30,29,6*28,29,30,31,32,33,34
26,1,2,3,4,5,6,7,8,9,10,11,12,134,4,13,12,11,10,9,8,7,6,5,4,3,2
26,20,12*19,20,12*21
26,29,12*30,29,12*28
26,48, 47, 46,45,44,43,42,41,40,39,38,37,36,35,36,37,38,39,40,41,42,43,44,

45,46,47
10,1,1,2,3,4*4,3,2
10,18,17,16,15,15,16,17,18,19,19
10,31,32,33,34,34,33,32,31,30,30
10,48,48,47,46,4*45,46,47
27,5,6,7,8,9,10,11,12,13,9*14,13,12,11,10,9,8,7,6,5
27,44,43,42,41,40,39,38,37,36,9*35,36,37,38,39,40,4t,42,43,44
O/radc/h
12
-.967992423084620e-11, .144545280611220e-12, .144593159843263e-11,
.t33721620597627e-tt, .389548549669991e-12, .154380651783190e-It,
.213480965409158e-11, .230612866749674e-12, .245345355748301e-11,

0. ,0. ,0.
.144545280611221e-12,-.112005588613371e-11, .145114180107132e-12,
.140265349851777e-12, .415585794368260e-13, .158065316055406e-12,
.236030481944205e-12, .238408757658562e-13, .230635822361273e-12,

O. ,0. ,0.
.144593159843263e-11, .145114180107131e-12,-.108314180956411e-10,
.223448481096404e-1l, .436015483685137e-12, .15269076tO27124e-11,
.267210659730428e-11, *236019670319556e-12, .213483813655713a-11,

O. ,0. . ,0.
.133721620597628e-11, .1402653498517779-12, .223448481096404e-11,
-.804166888540504e-11, .236067219282889e-12, .906119342226106e-12,
.150656347927900e-11, .156049296512796e-12, .152490318131222e-11,

0. ,0. ,0. ,
.389548549669995e-12, .415585794368262e-13, .43601548368514le-12,
.236067219282891e-12,-.220784085075826e-11, .238802877733071e-12,
.434383953042135e-12, .415548020670205e-13, .389909385841205e-12,

O. ,0. . .. ,0. -
.15438065178319le-11, .158065316055405e-12, .152690761027126e-11,
.906119342226099e-12, .238802877733070e-12,-.812834382046880e-1 1,
.225641498023646e-11, .142280625220507e-12, .135594655089405e-11,

0. ,0. ,0.
.213480965409158e-11, .23603048t944201-12, .267210659730428e- 1,
.150656347927900e-11, .434383953042134e-12, .225641498023646e-11,
-.108318769033387e-10, .145123763252704e-12, .144644399418830e-11,
O. ,0. ''',0

.230612866749678e-12, .238408757658560e-13, .236019678319558e-12,

.156049296512798e-t2, .415548020670205e-13, .142280625220508e-12,

.145123763252704e-12,-.112005839117282e-1l, .144576483284708e-12,
0. O. o ,e.
.245345355748303e-11, .230635822361273e-12, .213483813655713e-11,
.152490318131222e-lI, .389909385841205e-12, .135594655089406e-11,
.144644399418831e-11, .144576483284708e-12,-.968070711192182e-11,

O. ,0. ' ,0. .
0. ,0. ,0.i

O. ,0. ,0.
O. ,0. ,0.
O. ,PO. O,:

O. ,0. ,0.
O. ,O. ,O.

O. ,0. ,0.
O. ,0. , ,0
0. ,0. ,0.
O. ,0. ,0.

0. ,0. o,0.
O. ,0. ,0.

18
-.863304937183381e-11, .107811508255134e-12, .407043841777786e-12,
.973767367531999e-12, .100511468362365e-12, .870144343367643e-12,
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.646519267661926e-12, .566434074995979e-13, .576783549588070e-12,

.59i018054515866e-12, .153570158999207e-12, .6118920369950129-12,

.497792423036664e-12, .471157644287518e-13, .515251484381464e-12,

.675472291694236e-12, .8596156801170109-13, .171575083572628e-t 1,

.107811508255134e-12,-.224180712284219e-11, .106723842669886e-12,

.294421075844794e-12, .268248989745030a-13, .214420012783081e-12,

.153754329550496e-12, .1353973858354329-13, .1388899764321129-12,

.151712846121766e-12, .390414072905775e-13, .1535701589992036-12,

.139092583478544e-12, .1356372049946409-13, .1540810906117059-12,

.214786181414985e-12, .268185352239717e-13, .292755216108311e-12,

.407043841777784e-12, .106723842669885e-12,-.853374662295122e-1 1,

.170069329812547e-11, .8466012062534579-13, .665267710914022e-12,

.5079624541212199-12, .464714199023817e-13, .491146791947548e-12,

.597071979424615e-12, .151712846121773e-12, .591018054515866e-12,
.569974435898588e-12, .559748055054201e-13, .638902238680058e-12,
.859580488534534-i12, .992171387020348e-13, .960325155484503e-12,
.973767367531999e-12, .2944210758447949-12, .170069329812548e-i,
.114162160664571e-10, .850207016546399e-13, .764662158823921e-12,
.612427242646987e-12, .540604089994945-i13, .5326610808449229-12,
.491146791947516e-12, .1388899764321169-12, .5767835495880379-12,
.632203369486084e-12, .669174783294093e-13,, .847046679808192e-12,
.138272800565903,-11, .174921586488766e-1 2, .208786529424569g-1 1,
.1005114683623679-12, .268248989745035e-13, .8466012062534699-13,
.850207016546411e-13,-.112622791807569e-11, .736820627960819e-13,
.622128157818334e-13, .553772026691103e-14, .540604089994907e-13,
.464714199023790e-13, .135397385835438e-13, .566434074995436e-13,
.669170633196809e-13, .736364329354712e-14, .969219430795637e-13,
.153459787683650e-12, .174666129581727e-13, .174934104294371l-12,
.870144343367643e-12, .214420012783083e-12, .665267710914052e-12,
.764662158823927e-12, .736820627960815e-13,-.106032026057094e-10,
.67701058668213le-12, .622128157818407e-13, .612427242647026e-12,
.507962454121196e-12, .1537543295504829-12, .646519267661952e-12,
.847054869317689e-12, .969233134710958e-13, .126078093064487e- 11,
.1614136509t2458e-11, .153461801902629a-12, .138278219611910e-11,
.646519267661929e-12, .153754329550497e-12, .507962454121222e-12,
.612427242646990e-12, .622128157818334e-13, .67701058668213le-12,

-. 106032026057095e- 10, .736820627960868e-1 3, .7646621588239729-12,
.6652677109140199-12, .214420012783079e-12, .8701443433676509-12,
.138278219611918e-11, .153461801902628e-12, .161413650912456e-11,
.126078093064489e-l1, .969233134710974e-13, .847054869317650e-12,
.566434074995983e-13, .135397385835432e-13, .464714199023819e-13,
.540604089994951e-13, .553772026691103e-14, .6221281578184036-13,
.736820627960868e-13,-.112622791807569e-11, .850207016546540e-13,
.846601206253534e-13, .2682489897450579-13, .100511468362348.-12,
.174934104294401e-12, .174666129581729e-13, .153459787683652e-12,.
.969219430795702e-13, .7363643293547789-14, .6691706331969189-13,
.576783549588066e-12, .1388899764321109-12, .4911467919475459-12,
.532661080844925e-12, .54060408999490le-13, .612427242647019e-12,
.764662158823963e-12, .850207016546524e-13,-.114162160664581i-10,
.170069329812556.-11, .294421075844818.-12, .973767367532089e-12,
.208786529424600e-11, .174921586488793e-12, .138272800565906e-11,
.847046679808253e-12, .66917478329416le-13, .632203369486084.-12,
.591018054515866e-12, .151712846121767e-12, .597071979424615e-12,
.491146791947516e-12, .464714199023784e-13, .507962454121190e-12,
.665267710914016e-12, .846601206253526e-13, .170069329812557e-11,

-. 85337466229511le-11, .106723842669890e-12, .407045841777797a-12,
.960325155484612e-12, .992171387020284e-13, .859580488534496e-12,
.638902238680168.-12, .559748055052660e-13, .569974435898607.-12,
.153570158999207e-12, .3904140729057799-13, .151712846121774.-12,
.138889976432118e-12, .1353973858354379-13, .153754329550482.-12,
.214420012783078e-12, .268248989745057e-13, .29442107584482le-12,
.106723842669889e-12,-.224180712284219e-11, .1078115082551379-12,
.292755216108338e-12, .268185352239599e-13, .214786181415007e-12,
.154081090611710e-12, .13563720499516le-13, .139092583478540e-12,
.611892036995008e-12, .153570158999202e-12, .5910180545158638-12,
.5767835495880379-12, .566434074995434a-13, .646519267661952e-12,
.870144343367643e-12, *100511468362348e-12, .973767367532102e.12,
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.4070438417777979-12, .107811508255137e-12,-.863304937183381e-11,
.171575083572638e-11, .859615680117038e-13, .675472291694197e-12,
.515251484381470e-12, .471157644288043e-13, .497792423036576e-12,
.497792423036660e-12, .139092583478544e-12, .569974435898588e-12,
.632203369486084e-12, .6691706331968O0e-13, .847054869317676e-12,
.138278219611915e-il, .174934104294400e-12, .208786529424600e-11,
.960325155484606e-12, .292755216108332e-12, .171575083572636e-11,

-. 11416605112701Oe-10, .850422158454765e-13, .7648119054273729-12,
.612487402839197e-12, b540634725681959e-13, .532752569504513e-12,
.471157644287520e-13, .135637204994642e-13, .559748055054197e-13,
.669174783294097e-13, .736364329354712e-14, .969233134710974e-13,
.153461801902628e-12, .174666129581728e-13, .174921586488793e-12,
.992171387020284e-13, .268185352239600e-13, .859615680117046e-13,
.850422158454769e-13,-.112622886642296-I11, .736735620538205e-13,
.622065156809739e-13, .553713145952595e-14, .540634725681868e-13,
.515251484381467e-12, .154081090611705e-12, .638902238680058e-12,
.847046679808202e-12, .9692194307956379-13, .126078093064487.-11,
.161413650912456e-11, .153459787683652e-12, .138272800565907e-11,
.859580488534505e-12, .21478618t415007e-12, .675472291694200e-12,
.764811905427389e-12, .736735620538205e-13,-.106032762537670e-10,
.676949236448506e-12, .622065156809679e-13, .612487402839155e-12,
.675472291694239e-12, .214786181414986e-12, .859580488534541-12,
.138272800565902e-1 1, .153459787683648e-12, .161413650912458e- 11,
.126078093064489e-Il, .969219430795694.-13, .8470466798082539-12,
.638902238680168e-12, .154081090611709e-12, .515251484381474e-12,
.612487402839203e-12, .6220651568097319-13, .676949236448506e-12,

-. 106032762537670e-10, .736735620538177e-13, .7648119054273479-12,
.85961568011701Oe-13, .2681853522397179-13, .992171387020356e-13,
.174921586488766e-12, .174666129581726e-13, .153461801902629e-12,
.969233134710974e-13, .736364329354768e-14, .669174783294165e-13,
.559748055052656e-13, .135637204995161e-13, .471157644288043e-13,
.540634725681969e-13, .553713145952590e-14, .622065156809671e-13,
.736735620538177.-13,-.112622886642296e-11, .850422158454660-S13,
.171575083572627e-11, .2927552161083079-12, .960325155484503e-12,
.208786529424569e-il, .174934104294367e-12, .138278219611910.-l,
.847054869317634e-12, .66917063B1969I0e-13, .632203369486084e-12,
.569974435898613e-12, .139092583478539e-12, .4977924230365739-12,
.532752569504516e-12, .540634725681862e-13, .612487402839148e-12,
.764811905427343e-12, .850422158454660e-13,-.114166051127002e-10,

8
.877308748634275e-11, .185511143726041e-12, .133538878723581.-11,
.761243863764755e-12, .163568922689131-11, .305931782435861-12,
.454932268228895e-11,0.
.185511143726043e-12,-.111544670514729e-11, .178121837451535e-12,
.927571413452364e-13, .298914695728965e-12, .542101044596416e-13,
.305931782435858e-12,0. ,
.133538878723579e-il, .178121837451532e-12,-.10008494492091 le-10,
.184258904621768e-11, .471779089856585e-11, .298914695728965e-12,
.163568922689129e-11,O. ,
.761243863764755e-12, .927571413452360e-13, .184258904621768e-11,
.539318010265536e-11, .184258904621768e-Il, .927571413452364.-13,
.761243863764749e-12,0. 0
.163568922689131e-11, .298914695728963e-12, .471779089856585e-11,
.184258904621768e-1t,-.1000849449209120-10, .178121837451535e-12,
.133538878723578e-11,0. V
.305931782435859e-12, .542101044596416e-13, .298914695728966e-12,
.927571413452364e-13, .178121837451534e-12,-.111544670514729e-11,
.185511143726041e-12,0.
.454932268228895e-11, .305931782435858e-12, .163568922689131.-11,
.761243863764749e-12, .133538878723579e-11, .185511143726041e-12,

-. 877308748634275e-11,0.
0. ,0. - D,. -
0O. ,0. ,0.
0. ,0.

-. 5#8288641101601e-i11, . 172076510509994e-I1, .763373965768433e-13,
.449058929644444e- 12, .205844277850760e-12, .155676049941735e-13,
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.1681445649435889-12, .211450652796651e-12, .168144564943583e-12,

.1556760499417459-13, .2058442778507179-12, .4490589296444479-12,

.763373965768433e-13, .172076510509994.-iI,

.172076510509992e-1,-.101694905323365e-10, .1566963253862749-12,

.9323785440794449-12, .346555676239581e-12, .2119906417954169-13,

.1819797260833989-12, .1681445649435929-12, .189831194477624e-12,

.223383705218367e-13, .3640640372090849-12, .123133361026186s-11,

.277480926118962e-12, .455672338773534.-11,

.763373965768425e-13, .156696325386277e-12,-.111828026241519.-il,

.132447873247909e-12, .522119566709335e-13, .281572734017117e-14,

.211990641795224e-13, .1556760499421779-13, .223383705217608e-13,

.2996815993981689-14, .540914860465363e-13, .2527211378556939-12,

.513755774822961e-13, .277480926118962e-12,

.449058929644443e-12, .932378544079437e-12, .1324478732479099-12,
-.975099352898106e-11, .892186837753481*-12, .5221195667094t0e-13,
.346555676239626e-12, .205844277850694e-12, .364064037209191e-12,
.54091486046540le-13, .129623024784806e-11, .354186891427315e-11,
.252721137855691e-12, .123133361026188e-11,
.205844277850759a-12,, .346555676239581e-12, .522119566709339e-13,
.892186837753488e-12,-.975099352898106e-11, .1324478732479099-12,
.932378544079463e-12, .4490589296443869-12, .123133361026191e-il,
.252721137855696e-12, .354186891427315e-11, .129623024784808e-11,
.5409148604653659-13, .364064037209105.-12,
.155676049941736e-13, .2119906417954169-13, .281572734017116e-14,
.522119566709414e-13, .132447873247909e-12,-.111828026241519e-11,
.156696325386277e-12, .7633739657682519-13, .277480926118967.-12,
.5137557748229559-13, .252721137855694e-12, .540914860465403e-13,
.299681599398161e-14, .223383705218366e-13,
.168144564943586e-12, .181979726083397e-12, .211990641795220e-13,
.346555676239624e-12, .932378544079456e-12, .156696325386277e-12,

-. 101694905323372e-1O, .172076510509998e-11, .455672338773583e-11,
.277480926118969e-12, .123133361026187a-11, .364064037209199e-12,
.223383705217607e-13, .189831194477691e-12,
.211450652796649e-12, .168144564943593e-12, .1556760499421769-13,
.205844277850697e-12, .4490589296443869-12, .763373965768247e-13,
.172076510510000e-ii,-.548288641101601e-11, .172076510510000e-11,
.763373965768247e-13, .449058929644378e-12, .205844277850717e-12,
.155676049942172e-13, .168144564943600e-12,
.168144564943580e-12, .1898311944776239-12, .223383705217606e-13,
.364064037209186e-12, .123133361026189e-11, .277480926118966.-12,
.455672338773583e-11, .172076510509998e- 1,-.101694905323372e-10,
.156696325386277e-12, .932378544079444e-12, .346555676239626e-12,
.2119906417952049-13, .1819797260833989-12,
.1556760499417469-13, .223383705218366e-13, .2996815993981689-14,
.5409148604654019-13, .252721137855697e-12, .513755774822955e-13,
.277480926118966a-12, .763373965768247.-13, .156696325386278e-12,
-.111828026241519e-11, .132447873247909e-12, .522119566709416e-13,
.281572734017117e-14, .2119906417954359-13,
.2058442778507179-12, .364064037209084e-12, .540914860465359e-13,
.129623024784806e-11, .354186891427314e-11, .2527211378556969-12,
.123133361026189e-11, .449058929644380e-12, .932378544079456e-12,
.132447873247909e-12,-.975099352898116e-11, .892186837753481e-12,
.522119566709329e-13, .3465556762395730-12,
.449058929644443e-12, .12313336t026186e-11, .2527211378556919-12,
.354186891427315e-11, .129623024784807e-11, .540914860465407e-13,
.364064037209204.-12, .205844277850716e-12, .34655567623963le-12,
.522119566709414e-13, .892186837753481e-12,-.975099352898106e-11,
.132447873247909e-12, .932378544079437e-12,
.763373965768433e-13, .277480926118964e-12, .51375577482296le-13,
.252721137855693o-12, .5409148604653759-13, .299681599398163e-14,
.2233837052176109-13, .155676049942171e-13, .211990641795207e-13,
.281572734017120e-14, .522119566709329e-13, .1324478732479109-12,
-.111828026241519e-11, .156696325386277.-12,
.172076510509992e-11, .455672338773536e-11, .277480926118959e-12,
.123133361026189e-lI, .364064037209102e-12, .223383705218366e-13,
.189831194477691e-12, .1681445649435999-12, .181979726083398e-12,
.211990641795436e-13, .346555676239573e-12, .932378544079437e-12,
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.156696325386277e-12,-.101694905323365e-10,
24

.849222757554918e-11, .266347799150029e-11, .840531527982289e-12,

.595109576587851e-13, .19233169674648le-12, .421859045761091e-13,

.283457775680302e-13, .674358176375485e-13, .944005039329453e-14,

.403307591319515e-13, .184198025820583s-13, .153434792763057e-13,

.17804816487691le-13, .369407921018066e-13, .801545535094111e-14,

.509910868631757e-13, .501898263919217e-13, .408270814870073o-12,

.153517398338300e-12, .380188214041974e-13, .187401422131306e-12,

.593616498372361e-13, .840659405544837e-12, .266370232117470e-11,

.266347799150033e-i1,-.157795654479236e-lO, .173762860461938e-11,

.115558015106580e-12, .323810387472063e-12, .597462949211420e-13,

.289776070744204e-13, .735201223207765e-13, .109189858148659e-13,

.471484285161585e-13, .2175137749985619-13, .184198960590887e-13,
*213105275810895e-13, .44753729574412le-13, .991681080082814e-14,
.738422744960767e-13, .585872760013568e-13, .368126737843226o-12,
.191938840524666e-12, .579441053324655e-13, .329705884290432e-12,
.117133778498183e-12, .237927825673465e-il, .702606951534177e-11,
.840531527982299e-12, .173762860461938e-il,-.163325225847632e-10,
.287981787686198e-12, .830632287369700e-12, .145247370956045e-12,
.512875143523468e-13, .142380094301973e-12, .230109577964302e-13,
.101523519380657e-12, .471689695685060e-13, .403387601429869e-13,
.468393582442515e-13, .101971015548406e-12, .236462410652386e-13,
.194473404702659s-12, .9636938340420069-13, .555659247439691e-12,
.432463554861017s-12, .1615643735011550-12, .117460236092489e-11,
.515025850741672e-12, .640289157028630e-il, .237928482988740e-il,
.595109576587855e-13, .115558015106577e-12, .28798t78766K196e-12,
-.222442487732527e-11, .16280933234287le-12, .323295017851596e-13,
.103465346286897e-13, .2976738596519590-13, .503226967408787e-14,
.230072074917934e-13, .10925368309430le-13, .944255342398825e-14,
t109399760835989o-t3, .244095936589642e-13, .587617546450431e-14,

.440028272322081e-13, .164372442944170e-13, .1046239219501479-12,

.1031011349625880-12, .443021470266954e-13, .359674743460650e-12,

.131903035516994e-12, .515181192211037e-12, .117261971390668e-12,

.192331696746485e-12, .323810387472060e-12, .830632287369691e-12,

.16280933234287le-12,-.827607222672943e-1, .173410806872765e-12,

.622830336071896e-t3, .17525774945t217e-12, .297673585047896e-13,

.14237182853057le-12, .735341560775007e-13, .674413495750840e-13,

.74954755767222le-13, .15383002288673te-12, .35223952425948le-tS,

.237374965772270e-12, .80365844041341le-13, .616630934008113e-12,

.790159484542004e-12, .356032130315313e-12, .181811835226047e-1,
.361309940395844e-12, .118359990520096e-11, .334821952563124e-12,
.421859045761095e-13, .597462949211420e-13, .145247370956044e-12,
*323295017851594e-13, .173410806872766e-12,-.221810610359297e-11,
.233297905278484e-13, .622843044722696e-13, .103471270079673e-13,
.512924912143385e-13, .28972462959109le-13, .283437709420683e-13,
.297018356349131e-13, .543530621508462e-13. .1141937906731408-13,
.698312644465024e-13, .229883604548372e-13, .234603134932863e-12,
.364281238264382e-12, .131080715750070e-12, .363034720690378e-12,
.461138699628147e-13, .170616242200818e-12, .625924538025107e-13,
.283457775680302.-13, .2897760707442049-13, .5128751435234680-13,
.103465346286898e-13, .622830336071896e-13, .233297905278483e-13,
.221810612592579e-11, .173410982766727e-12, .3232959663009250-13,
.145248167895692e-12, .5974569244334809-13, .421857229444943.-13,
.6259036450902779-13, .170618674778773a-12, .461139230522192e-13,
.36303578471085le-12, .131079628832159e-12, .364281212398013e-12,
.234602948307606.-12, .229929068288346e-13, .698259813371688e-13,
.114191465820631e-13, .5433686731922009-13, .297182668310272e-13,
.674358176375489e-13, .735201223207757e-13, .142380094301971e-12,
*297673859651957e-13, .175257749451217e-12, .622843044722700e-13,
.173410982766726e-12,-.827607077650853e-lt, .162809837729726e-12,
.830636253770702e-12, .323808743925391e-12, .192331600935775e-12,
.334814864432110a-12, .118361060569176e-11, .361310353619023e-12,
.181812317929898e-11, .356029257324965e-12, .790161311499776e-12,
.616631750324480e-12, .804024920169415.-13, .237339325217240e-12,
.352241753268804e-13, .153868670639432e-12, .749118978395913e-13,
.944005039329463e-14, .109189858148659e-13, .230109577964302e-13,
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.503226967408790e-14, .297673585047896e-13, .103471270079673e-13,

.3232959663009259-13, .162809837729728e-12,-.222442472044881e-11,

.287983062860533e-12, .1155577963310509-12, .595111292873905e-13,

.117260426474519e-t2, .515184430782829e-12, ,1319032006308209-12,

.359675911638954e-12, .4430179617304529-13, .103101969242813e-12,

.104624309484567e-12, .164544214819261e-13, .43986099041416le-13,

.587627916554118e-14, .244272391992470e-13, ,1092046510290529-13,

.4033075913195179-13, .471484285161581e-13, .101523519380658e-12,

.2300720749179349-13, .142371828530572e-12, .5129249121433899-13,

.145248167895694e-12, .830636253770702e-12, .287983062860533.-12,
-.163325113017727e-10, .173762701524712e-11, .8405334154281069-12,
.237927177478616e-11, .640292092118605e-11, .5150273514612469-12,
.117460908446188.-11, .1615636500148549-12, .432470282100611e-12,
.555661454490706e-12, .965423350000409e-13, .194299557887265e-12,
.236456842637877e-13, .102016344722623e-12, .467807119301210e-13,
.184198025820585e-13, ,21751377499856le-13, .471689695685064e-13,
.109253683094301e-13, .735341560775011e-13, .289724629591095e-13,
.597456924433480e-13, .323808743925396a-12, .115557796331051e-12,
.173762701524712e-l1,-.157795759364871e-10, .266347102570914e-11,
.702604532489991.-11, .237928276459376e-il, .117132594970074e-12,
.329704055844696e-12, .579417619932330e-13, .1919324699220459-12,
.3681255146027519-12, .583880990753056e-13, .740459412235747e-13,
.991833722906454e-14, .447732058733065e-13, .213034556070437e-13,
.1534347927630589-13, .184198960590886e-13, .4033876014298679-13,
.944255342398825e-14, .674413495750840e-13, .283437709420683e-13,
.421857229444939e-13, .1923316009357759-12, .5951112928739059-13,
.840535415428102e-12, .266347102570912e-1l,-.849223142723288e-iI,
.266368382333420e-1l, .840669867385066e-12, .593612941881513e-13,
.187401444152596e-12, .380175232822438e-13, .153515008995207e-12,
.408270427472810e-12, .501117222532642e-13, .5107106612664899-13,
.801605509502645e-14, .369481663001678e-13, .178023249231244e-13,
.178048164876915e-13, .2131052758108959-13, .468393582442519e-13,
.109399760835989e-13, .749547557672233e-13, .297018356349133e-13,
.625903645090277e-13, .334814864432115e-12, .1172604264745199-12,
.237927177478615e-11, .702604532489999e-il, .266368382333422s-I1,

-.157789420222053e-10, .173840804002963e-11, .115474802839237e-12,
.318337274396102e-12, .547789893315937e-13, .180506988027888e-12,
.366356292798213e-12, .7504889633398689-13, .700005788945035e-13,
.981815012610460e-14, .441869453478097e-13, .208072158457461e-13,
.369407921018072e-13, .4475372957441219-13, .101971015548407e-12,
.244095936589642e-13, .153830022886733.-12, .543530621508462e-13,
.170618674778776e-12, .118361060569178e-Il, .5151844307828339-12,
.640292092118610e-11, .237928276459378a-11, .840669867385076e-12,
.173840804002963e-Il,-.163318366612058.-10, .287710190448511e-12,
.818908480366943e-12, .134152216174086e-12, .370364903050925e-12,
.546111673602995e-12, .143740251436413e-12, .2218947497413419-12,
.215589670355569a-13, .962947969668694e-13, .4414691201317139-13,
.8015455350941169-14, .9916810800828099-14, .2364624106523869-13,
.587617546450438e-14, .352239524259481e-13, .114193790673141e-13,
.461139230522192e-13, .361310353619025e-12, .13190320063082le-12,
.515027351461243a-12, .117132594970073e-12, .593612941881513e-13,
.115474802839237e-12, .287710190448508e-12,-.222454388672739,- 1,
.159910972516429e-12, .296209804518157e-13, .7769868367166035-13,
.100733922911715e-12, .270072344305903e-13, .653370313826929e-13,
.472688571503836e-14, .2156284616879719-13, .981360409459088e-14,
.509910868631757e-13, .738422744960759e-13, .194473404702659e-12,
.440028272322081.-13, .237374965772270e-12, .6983126444650209-13,
.363035784710850e-12, .181812317929898.-11, .359675911638953e-12,
.117460908446188e-11, .329704055844693e-12, .187401444152595e-12,
.3183372743960999-12, .818908480366936e-12, .159910972516428e-12,

-.830832355782128e-i, .149894991886381e-12, .411062021169794e-12,
.554706403043689e-12, .1490522955032919-12, .486172259646944e-12,
.653443738825601e-13, .222510081734569e-12, .6935912005375559-13,
.501898263919223e-13, .585872760013564e-13, .9636938340420149-13,
.164372442944171e-13, .803658440413415e-13, .229883604548372e-13,
.131079628832157e-12, .3560292573249679-12, .4430179617304529-13,
.161563650014851e-12, .579417619932326e-13, .380175232822438e-15,
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.547789893315931e-13, .134152216174085e-12, .296209804518157e-13,

.149894991886380e-12,-.223115770151530e- 11, .114968718644699e-12,

.190356925881286e-12, .486737786442902e-i13, .149027352948968e-12,

.269998067778052e-13, .143134944368897e-12, .75677444t968410e-13,

.408270814870073e-12, .368126737843221e-12, .555659247439688e-12,

.104623921950147e-12, .616630934008113e-12, .234603134932862e-12,

.364281212398013e-12, .790161311499776e-12, .103101969242812e-12,

.432470282100608e-12, .191932469922044e-12, .153515008995208e-12,
.180506988027886e-12, .370364903050925e-12, .776986836716603e-13,
.411062021169794e-12, .114968718644699e-12,-.861566571542969e-11,
.137942348575118e-11, .190365083161254e-12, .554698022416238e-12,
.100733772208052e-12, .546106278310968e-12, .366360713814584e-12,
.153517398338300e-12, .191938840524664e-12, .4324635548610i8e-12,
.103101134962588e-12, .790159484542004e-12, .364281238264380e-12,
.234602948307605e-12, .616631750324477e-12, .104624309484567e-12,
.555661454490703e-12, .368125514602746e-12, .408270427472810e-12,
.366356292798208e-12, .546111673602991e-12, .100733922911715e-12,
.554706403043695e-12, .190356925881283e-12, .137942348575f18e-11,

-. 861566614512045e-11, .114976275814650e-12, .411053346153819e-12,
.776983279779215e-13, .370343727832982e-12, .180527707176265e-12,
.380188214041976e-13, .5794410533246559-13, ,161564373501154e-12,
.4430214702669549-13, .356032130315314e-12, .131080715750069e-12,
.229929068288346e-13, .804024920169431e-13, .164544214819260e-13,
.965423350000413e-13, .583880990753056e-13, .501117222532646e-13,
.750488963339868e-13, .143740251436412e-12, .270072344305903e-13,
.149052295503292e-12, .4867377864429089-13, .190365083161254e-12,
.114976275814651e-12,-.223115191241705e-11, .149898338244289e-12,
.29621385227561Oe-13, .134149637293043e-12, .547844663415007e-13,
.187401422131306e-12, .329705884290428e-12, .117460236092487e-11,
.359674743460647o-12, .181811835226045e-Il, .363034720690375e-12,
.698259813371688e-13, .237339325217242e-12, .439860990414155e-13,
.194299557887263e-12, .740459412235743e-13, .510710661266489e-13,
.700005788945023e-13, .221894749741339e-12, .653370313826925e-13,
.486172259646944e-12, .149027352948967e-12, .554698022416238e-12,
.411053346153821e-12, .149898338244289e-12, -. 830833765464745e-11,
.159910132186910e-12, .818893934638710e-12, .3183464538017319-12,
.593616498372369e-13, .117133778498182e-12, .515025850741672e-12,
.131903035516994e-12, .361309940395848e-12, .461138699628149e-13,
.114191465820632e-13, .352241753268808e-13, .5876279165541230-14,
.236456842637879e-13, .991833722906460e-14, .801605509502655e-14,
.981815012610465e-14, .215589670355570e-13, .472688571503836e-14,
.653443738825609e-13, .269998067778053e-13, .100733772208054e-12,
.776983279779227e-13, .296213852275612e-13, .159910132186913e-12,

-. 222454399712395e-11, .287705491579563e-12, .115478901791722e-12,
.840659405544847e-12, .237927825673465e-11, .640289157028630e-11,
.515181192211043e-12, .118359990520096e-11, .170616242200819e-12,
.543368673192196e- 13, .153868670639434e- 12, .244272391992470e- 13,
.102016344722624e-12, .447732058733065e-13, .369481663001678e-13,
.441869453478095e-13, .962947969668702e-13, .215628461687972e-13,
.222510081734570e-12, .1431349443688989-12, .546106278310968e-12,
.370343727832985e-12, .134149637293044e-12, .818893934638719e-12,
.287705491579560e-12,-.163319069746021e-10, .173842122412760e- 11,
.266370232117477e-11, .702606951534182e-11, .237928482988742e-11,
.117261971390671e-12, .3348219525631269-12, .6259245380251119-13,
.297182668310274e-13, .749118978395925e-13, .109204651029052e-13,
.467807119301216e-13, .213034556070438e-13, .178023249231245e-13,
.208072158457461e-13, .441469120131713e-13, .981360409459093e-14,
.693591200537563e-13, .756774441968414e-13, .366360713814592e-12,
.180527707176267e-12, .54784466341501 le-13, .318346453801734e-12,
.115478901791725e-12, .173842122412760e-11,-.157788939296513e-10,

26
-. 835097122077844e-11, .154742758406744e-il, .107366895390851e-11,
.974522759883220.-13, .333313088937220e-12, .713528062477017e-13,
.164821995192942e-12, .564060385050152e-13, .326338453761757e-12,
,367245943398992e-13, .903321712295610e-13, .3451324602741 15e-13,
.154180654098070e-12, .377907496170795e-12, .154180654098063e-i2,
.345132460274119e-13, .903321712295526e-13, .367245943399008e-13,
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.3263384537617159-12, .564060385050181e-13, .164821995192944e-12,

.713528062477046e-13, .333313088937215e-12, .9745227598831879-13,

.107366895390852e-11, .154742758406743e-11,

.154742758406743.-11,-.680844973151002e-11, .7152782229134439-12,

.698758017922610e-13, .2312470673297849-12, .469665264735808--13,

.103775938993600e-12, .337798214801621e-13, .176723271703563e-12,

.177326507773059s-13, .409388779803602e-13, .146313701847145.-13,

.600622170963273e-13, .1307895628558999-12, .6207671656283959-13,

.152450467267308e-13, .428518932693766e-13, .186273079942524e-13,

.189216501467712a-12, .367360974596044e-13, .113604256730308e-12,

.518964995738437e-13, .263757487273337e-12, .842857513960452e-13,

.117690309331811-11, .156402016608935e-11,

.107366895390851e-11, .7152782229134439-12,-.935657289189185.-11,

.136583493718427e-12, .485037441660953e-12, .102249522968139e-12,

.223330694432779e-12, .7056571913612619-13, .339858728741225e-12,

.307861268076438e-13, .6702243924208409-13, .224279885024773e-13,

.843372782741417e-13, .159314487947853e-12, .884316075104607e-13,

.237304862732464e-13, .712128627876142e-13, .328200982650298e-13,

.378692127712461e-12, .830507342271619e-13, .278021103662818e-12,

.138297987681842e-12, .803612777642098e-12, .2751570734739579-12,

.249618184108330e-11, .117690309331811,-1l,

.9745227598832249-13, .6987580179226109-13, .136583493718429e-12,
-.143016953216485e-11, .8426743226554109-13, .196005143529862e-13,
.439381649737542e-13, .139563315836154a-13, .6512794618420959-13,
.560793438904155e-14, .1180715154407056-13, .38002213295295le-14,
.135531366050704e-13, .233176091322271-13, .143234883586111e-13,
.405136983234167e-14, .126256045953220e-13, .601301830515744e-14,
.755366600866553e-13, .1814110908961229-13, .6488170729277919-13,
.342632391755407e-13, .195885400954517e-12, .561170957451981e-13,
.275157073473953e-12, .8428575139605939-13,
.333313088937225e-12, .231247067329787e-12, .485037441660959e-12,
.842674322655414e-13,-.590931892429473e-1, .9925254720590909-13,
.236517417982346e-12, .784345219505218e-13, .371528758135061e-12,
.31426858637287le-13, .6457900139976249-13, .202050793667220e-13,
.694690455362462e-13, .112022082832216.-12, .736419528037234e-13,
.215759091456251-13, .689892050751877e-13, .336141557144895e-13,
.460768704768427e-12, .1223138187321130-12, .4514957623310330-12,
.2284332374942459-12, .9679301691201129-12, .1958854009545169-12,
.803612777642111e-12, .2637574872733649-12,
.713528062477029.-13, .469665264735810.-13, .102249522968140e-12,
.196005143529866e-13, .992525472059094e-13,-.169464108679660e-11,
.753679916333189e-13, .2677620669296269-13, .1338447234437529-12,
.113883361547484e-13, .228675943662287e-13, .696006540799110e-14,
.231086898152275a-13, .349904547322543e-13, .245331024480175e-13,
.742484439944907.-14, .243026247731380.-13, .120921337104660e-13,
.183346361286551e-12, .529898308943710e-13, .184224721707198e-12,
.781105241569804e-13, .228433237494245e-12, .3426323917554030-13,
.138297987681840e-12, .518964995738429e-13,
.1648219951929430-12, .10377593899360le-12, .223330694432782e-12,
.439381649737550e-13, .2365174179823489-12, .753679916333185e-13,
-.455301687060737e-i1, .820565334747317e-13, .459699047381715-12,
.4093209323793319-13, .805867543609042e-13, .239311470289567e-13,
.771049945423801e-13, .1107059016437079-12, .8183781387491229-13,
.2544228586024369-13, .8495510380995969-13, .4310959958668989-13,
.7291037192898399-12, .205818846146204e-12, .567753275436070e-12,
.184224721707198e-12, .4514957623310339-12, .6488170729277919-13,
.278021103662817e-12, .113604256730307e-12,
.564060385050152e-13, .337798214801623e-13, .705657191361257e-13,
.1395633158361549-13, .784345219505214e-13, .267762066929620e-13,
.820565334747301e-13,-.192033743515877e-11, .227911285263627e-12,
.2174060832117159-13, .421749117945101e-13, .122685891843973e-13,
.384878244515281e-13, .526134114796669e-13, .408948191743434e-13,
.130429990841665e-13, .444635468960484e-13, .230853093117334e-13,
.423236337817876e-12, .993921830073467e-13, .205818846146206e-12,
.529898308943714e-13, .1223138187321129-12, .181411090895992e-13,
.830507342271603.-13, .3673609745960329-13,
.326338453761759e-12, .17672327170356Se-12, .339858728741225e-12,

;
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.651279461842104e-13, .371528758135061e-12, .1338447234437509-12,
*459699047381718e-12, .2279112852636299-12,-.135583552941992e-10,
,266571768211801e-12, .558954460405695e-12, ,169225311537619e-12,
.518982257993525o-12, .6467860312790099-12, .598179461404382e-12,
.215842392572090e-12, .845207860804882e-12, .488268299917765e-i2,
.470940482302777e-tt, .4232363378178769-12, .729103719289845e-12,
t183346361286556e-12, .46076870476840te-12, *755366600866598e-13,

.378692127712469e-12, .189216501467723e-12,

.367245943398994e-13, ,177326507773061e-13, .307861268076438e-13,

.560793438904163e-14, .31426858637287te-13, .113883361547484e-13,
,409320932379337e-13, .21740608321t717e-13, .26657176821t80le-12,

-,221997059327339e-tt, .121186736544833e-12, .411273494203469%-13,
.128985336862809.-12, .150607627037307e-12, .1699927179989900-12,
.703263455741492e-13, .2823309715698890-12, .134872614582581e-12,
.488268299917762e-12, .230853093117341e-13, .431095995866906e-13,
.120921337104669e-13, .336141557144889e-i3, .601301830515840e-14,
,328200982650290e-13, *186273079942516e--3,
,903321712295623e-13, .409388779803602e-13, ,670224392420840e-13,
.118071515440706e-l3, .645790013997628e-13, .228675943662285e-13,
.805867543609054e-13, .421749117945103s-13, ,558954460405691e-12,
.121186736544834e-12,-.554283605032828e-l1, .130694933297656e-12,
.445389452399473e-12, .528869845706983e-12, .701888113803834e-12,
,290039796472375e-12, .868564136198223e-12, .282330971569887e-12,
.845207860804876e-12, .444635468960518e-13, .8495510380996419-13,
.243026247731423e-13, .689892050751925e-13, ,126256045953784e-13,
.7i2128627876788e-13, .428518932693827e-13,
.345132460274t13e-13, ,1463t3701847146e-t3, .224279885024773e-I3,
.380022132952956e-14, .202050793667218e-13, .696006540799110e-14,
.239311470289568e-13, .122685891843973e-13, .169225311537620e-12,
.411273494203469e-13, .130694933297656e-12,-.221226218662300e-11,
.215704107321952e-12, .276130332390189e-12, .412960592348272e-12,
.140960377334306s-12, .290039796472382e-12, .703263455741492e-13,
.215842392572105.-12, .130429990841679e-13, .254422858602442e-13,
.742484439945048e-14, .215759091456244e-13, .4051369832342819-14,
.237304862732459e-13, .152450467267302e-13,
.154180654098072.-12, .600622170963273e-13, .843372782741425e-i3,
.135531366050705e-13, .694690455362450e-13, .231086898152274e-13,
.771049945423797e-13, *384878244515281-t3, .518982257993522e-12,
.128985336862809e-12, .445389452399468e-12, .21570410732195le-12,
.800619556481450e-11, .176334054787868e-11, .214472963565010e-11,
.412960592348263e-12, .701888113803837e-12, .1699927179989919-12,
.598179461404401e-12, .408948191744054e-13, .818378138749757e-13,
.245331024480792e-13, .736419528037872e-13, .143234883586175e-13,
.884316075104728e-13, .620767165628456e-13,
.377907496170795e-12, *1307895628558990-12, *159314487947853e-12,
.233176091322273e-13, *112022082832216e-12, .349904547322537e-13,
.110705901643706e-12, .526134114796673s-13, .646786031279000e-12,
,150607627037305e-12, .528869845706980e-12, .276130332390186e-12,
.176334054787869e-I1,-.835688328600292e-11, *176334054787869e-i1,

.276130332390184e-12, .5288698457069879-12, ,150607627037305e-12,

.646786031279000e-12, .526134114796807.-13, .1107059016437168-12,
,3499045473226779-13, .1120220828322239-12, .233176091322324e-13,
,159314487947854e-12, .130789562855899e-12,
154180654098063.-12, .6207671656283999-13, .8843160751046079-13,

.143234883586111.-13, .736419528037234e-13, .245331024480174e-13,

.818378138749110e-13, .408948191743436e-13, .598179461404382.-12,

.169992717998989.-12, .701888113803834e-12, .412960592348266e-12,

.214472963565010e-11, ,176334054787869e-11,-.800619556481450e-tl,
,215704107321947e-12, .445389452399465e-12, .128985336862805e-12,
.518982257993483e-12, .384878244515350e-13, .771049945423671e-13,
.231086898152347e-13, .694690455362280e-13, .135531366050732e-13,
.843372782741284e-13, .600622170963209e-13,
.345132460274123.-13, .15245046726731Oe-13, .237304862732467.-13,
.4051369832341729-14, .2157590914562539-13, .742484439944907.-14,
.254422858602436e-13, .130429990841666e-13, .215842392572092e-12,
.703263455741496.-13, .290039796472377.-12, .140960377334306e-12,
.412960592348271e-12, .276130332390186e-12, .215704107321949e-12,
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-.221226218662300e-11, .130694933297656e-12, .411273494203463e-13,
.169225311537614e-12, .1226858918440019-13, .239311470289592a-13,
.696006540799448e-14, .202050793667244e-13, .380022132953312e-14,
.224279885024809e-13, .146313701847149e-13,
.903321712295534e-13, .428518932693770e-13, .7121286278761469-13,
.126256045953221e-13, .689892050751881e-13, .2430262477313779-13,
.849551038099600e-13, .444635468960484a-13, .845207860804876e-12,
.282330971569887e-12, .868564136198223.-12, .290039796472379e-12,
.7018881138038479-12, .528869845706983e-12, .445389452399465e-12,
.1306949332976560-12,-.554283605032822e-11, .121186736544835e-12,
.558954460405691e-12, .421749117945145e-13, .805867543609062e-13,
.228675943662322e-13, .6457900139975079-13, .118071515440765e-13,
,670224392420638e-13, .409388779803491e-13,
.367245943399012e-13, .186273079942526e-13, .3282009826502969-13,
.601301830515739e-14, .3361415571448979-13, .120921337104659e-13,
.431095995866898e-13, .2308530931 17333e-13, .488268299917762e-12,
.134872614582581e-12, .2823309715698839-12, .703263455741496e-13,
.169992717998993e-12, .150607627037307e-12, .1289853368628069-12,
.411273494203460e-13, .121186736544835e-12,-.221997059327339e-11,
.266571768211802e-12, .217406083211729e-13, .409320932379351e-13,
.113883361547500e-13, .314268586372875e-13, .560793438904504e-14,
.307861268076478e-13, .1773265077730679-13,
.326338453761715e-12, .1892165014677140-12, .378692127712462e-12,
.755366600866561-13, .460768704768430e-12, .183346361286550e-12,
.729103719289845e-12, .4232363378178769-12, .470940482302775e-11,
.488268299917755e-12, .845207860804876e-12, .215842392572103e-12,
.598179461404404e-12, .646786031279003e-12, .518982257993483e-12,
.169225311537614a-12, .5589544604056989-12, .266571768211802e-12,

-. 135583552941992e-10, .227911285263632e-12, .459699047381725e-12,
.133844723443760e-12, .371528758135059o-12, .651279461842160e-13,
.339858728741230e-12, .1767232717035579-12,
.564060385050181a-13, .367360974596046.-13, .830507342271623.-13,
.181411090896122e-13, .122313818732112e-12, .529898308943704e-13,
.2058188461462049-12, .993921830073467e-13, .423236337817878e-12,
.230853093117338e-13, .444635468960516e-13, .130429990841679.-13,
.408948191744052a-13, .526134114796807e-13, .384878244515348e-13,
.122685891844001e-13, .421749117945147e-13, .217406083211729e-13,
.2279112852636320-12,-.192033743515878e-11, .820565334747317e-13,
.267762066929629e-13, .7843452195052340-13, .139563315836154e-13,
.705657191361293e-13, .337798214801643e-13,
.164821995192946e-12, .1136042567303089-12, .278021103662820e-12,
.648817072927799e-13, .451495762331033e-12, .184224721707197e-12,
.567753275436073e-12, .205818846146209e-12, .729103719289845e-12,
.431095995866906e-13, .849551038099637e-13, .254422858602440e-13,
.818378138749761e-13, .1107059016437169-12, .771049945423671e-13,
.239311470289591e-13, .805867543609058a-13, .4093209323793499-13,
.459699047381725e-12, .820565334747321e-13,-.455301687060737e-11,
.753679916333205e-13, .2365174179823489-12, .439381649737538e-13,
.2233306944327849-12, .103775938993605e-12,
.713528062477050e-13, .518964995738437e-13, .138297987681842e-12,
.342632391755409e-13, .228433237494245e-12, .781105241569796e-13,
.184224721707200e-12, .529898308943716e-13, .1833463612865559-12,
.120921337104667e-13, .24302624773142le-13, .742484439945048e-14,
.245331024480794.-13, .349904547322675a-13, .231086898152347.-13,
.6960065407994459-14, .228675943662319.-13, .113883361547499e-13,
.135844723443757e-12, .2677.620669296319-13, .753679916333205e-13,
.169464108679659e-11, .992525472059094e-13, .196005143529865e-13,
.1022495229681419-12, .469665264735837e-13,
.333313088937217e-12, .2637574872733399-12, .8036127776420989-12,
.195885400954517e-12, .967930169120118&-12, .228433237494243e-12,
.451495762331027e-12, .122313818732113a-12, .460768704768401e-12,
.336141557144885e-13, .689892050751921e-13, .2157590914562429-13,
.7364195280378769-13, .112022082832222e-12, .694690455362280e-13,
.2020507936672419-13, .6457900139975039-13, .3142685863728739-13,
.371528758135055e-12, .784345219505234e-13, .236517417982348e-12,
.992525472059102e-13,-.590931892429473e-11, .842674322655390e-13,
.485037441660946e-12, .23124706732978le-12,

D.18



.974522759883191e-13, .842857513960460e-13, .275157073473953e-12,
.561170957451981s-13, .195885400954516e-12, .34263239175540le-13,
.648817072927783e-13, .181411090895993e-13, .755366600866602e-13,
.601301830515837e-14, .126256045953784e-13, .405136983234278e-14,
.143234883586175e-13, .233176091322324e-13, .135531366050732e-13,
.380022132953307e-14, .11807151i440764s-13, .56079343890450le-14,
.651279461842168e-13, .139563315836l54e-13, .439381649737536e-13,
.196005143529863e-13, .842674322655398e-13,-.143016953216485e-11,
.136583493718425e-12, .698758017922582e-13,
.107366895390853e-11, .11769030933181le-11, .249618184108335e-11,
.275157073473957e-12, .803612777642104e-12, .138297987681839e-12,
.278021103662817e-12, .83050734227161 le-13, .3786921277124719-12,
.328200982650288e-13, .712128627876784e-13, .237304862732457e-13,
.884316075104740.-13, .159314487947855e-12, .843372782741288.-13,
.224279885024808.-13, .670224392420634e-13, .307861268076478e-13,
.339858728741229e-12, .705657191361297e-13, .223330694432784e-12,
.102249522968142e-12, *485037441660949e-12, .136583493718424e-12,
.935657289189195e-11, .715278222913436e-12,
.154742758406743e-11, .156402016608938e-11, .117690309331812e-11,
.842857513960597e-13, .263757487273364e-12, .518964995738427e-13,
.113604256730308e-12, .367360974596038e-13, *189216501467722e-12,
.186273079942516e-13, .428518932693827e-13, .152450467267301e-13,
.620767165628448e-13, .130789562855898e-12, .600622170963209e-13,
.146313701847147e-13, .409388779803489e-13, .177326507773066e-13,
.176723271703555e-12, .337798214801641e-13, .103775938993605e-12,
.469665264735835e-13, .231247067329784e-12, .698758017922590e-13,
.715278222913443e-12,-.680844973151002e-11,

10
-. 836227645685796e-11, .142055362096825-12, .126618728391246e-11,

.777790576935446e-12, .712328771263933e-12, .16325578218964le-i 1,

.300481304448643.-12, .128512691865229e-11, .952002620321953e-12,

.129374579732998e-11,

.142055362096827e-12,-.223240210861634e-i1, .341516223803319e-12,

.212638988075434e-12, .2048323316103700-12, .498079971218517e-12,

.816007513439908e-13, .300188501691288e-12, .276457103030706e-12,

.175032875745704e-12,

.126618728391247.-11, .341516223803319e-12,-.177410455337643e-10,

.207432053249760.-11, .218187072938579e-11, .561642213934446e-11,

.588562231001765e-12, .196007523187156e-11, .229455132936280e-11,

.141753983258464e-11,

.777790576935455e-12, .212638988075431e-12, .207432053249758e-11,
-. 174462919222178.-tO, .829822262814352e-11, .297753812923977e-11,

.196935664791381e-12, .727681192188897e-12, .134102214704648e-il,

.840142063299126e-12,

.712328771263946e-12, .204832331610371e-12, .218187072938581e-11,

.829822262814352e- 1,-.155818520116638e-10, .180113125514682e-il,

.150535061588779e-12, .555834149062601e-12, .930251720207593e-12,

.746845365254074e-12,

.163255782189644e-11, .4980799712185208-12, .56164221393445le-il,

.297753812923977-i11, .180113125514682e-11,-.167850826808710e-10,

.289887132502092e-12, .106905445457632e-11, .156958762416277e-11,

.133082415278389e-11,

.300481304448648e-12, .816007513439904e-13, .588562231001765e-12,

.196935664791382e-12, .150535061588777e-12, .289887132502090e-12,
-. 222954657224731e-11, .153078525145379e-12, .269525441500209e-12,

.198940459924956e-12,

.128512691865230e-11, .300188501691286e-12, .196007523187154e-11,

.727681192188891e-12, .555834149062591e-12, .106905445457631e-11,

.153078525145379.-12,-.834320555446227e-11, .163351751547775e-il,

.658649065796101e-12,

.952002620321966.- 12, .276457103030704e-12, .229455132936279e- 11,

.134102214704648e-11, .930251720207580e-12, .156958762416277e-il,

.269525441500209e-12, .163351751547777e-i1,-.972624515942247.-11,

.459329658312164e-12,

.129374579732998e-11, .175032875745702e-12, .141753983258464e-11,

.840142063299126e-12, .746845365254064e-12, .133082415278387e-11,

.198940459924954e-12, .658649065796101e-12, .459329658312160e-12,
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-.712104927103054e-lt,
27
-.980510323466826e-11, .180241361214207e-12, .3812790483320379-12,
.128889784560222e-12, .8225992059708499-12, .101210024911357e-12,
.246357470673127e-12, .8789556606333129-13, .3010691542543290-12,
.2018880528459019-12, .6100162888879669-13, .1831895041747359-12,
.815826959739226e-13, .8016924308081399-12, .1369223779745730-12,
.375871356321709e-12, .150824454259399e-12, .611117634574990.-12,
.314503253703777e-12, .794816731079061e-13, .214844311988031e-12,
.885552799172667e-13, .917375059338226e-12, .2096477981936379-12,
.754270607102028e-12, .389679806845906e-12, .198311369266987.-11,
.180241361214206e-12,-.280027049763730e-11, .115459898232653e-12,
.412509713496934e-13, .262446771953559e-12, .312827554458635e-13,
.7502361118406269-13, .263462532834845e-13, .878955660633684e-1i,
.545517630747136e-13, .167769209611295e-13, .511540758276772e-13,
.231128085878466e-13, .234430116883057e-12, .4082180354540889-13,
.112185748441202e-12, .448404777453065e-13, .178277714001724e-12,
.110242752303492e-12, .294350795154256e-13, .835425217114846e-13,
.363124352964874e-13, .4187601156461449-12, .886716855955354e-13,
.234812087575884e-12, .7441911603171299-13, .147976086166179e-12,
.381279048332032e-12, .115459898232654e-12,-.727795635668745e-11,
.112286157317406e-12, .7447872104483389-12, .898470017842277e-13,
.2148623145889138-12, .750236111840622e-13, .2463574706731249-12,
.147385509835024e-12, .4600967424970659-13, .1420956884569129-12,
.649938827633557e-13, .6763558222370759-12, .1191655550251249-12,
.326657024258292.-12, .1298027502199049-12, .5089095454228769-12,
.3557828694019939-12, .979132398151095S-13, .283452647304628e-12,
.124827534224079e-12, .127111754863975e-11, .197955987262454e-12,
.427771495897333e-12, .1186209427528959-12, .259235926360084e-12,
.128889784560222a-12, .4125097134969349-13, .1122861573174069-12,

-.295033789274474e-11, .304577569615369e-12, .375400526827082e-13,
.89847001784224le-13, .3128275544586199-13, .1012100249113529-12,
.589961444145415e-13, .1875254149637430-13, .588026561648026e-13,
.272821792709982,-1i, .291103569458494a-12, .515019255569095a-1i,
.139978003874136e-12, .5500746295414459-13, .212153056537864e-12,
.165947131093063e-12, .4645019964726429-13, .134627519288031a-12,
.585946849056933e-13, .4987298479460309-12, .585536182330988a-13,
.116273278468520e-12, .3190217051758159-13, .787975852503077e-13,
.822599205970837e-12, .262446771953557e-12, .744787210448338e-12,
.304577569615368e-12,-.199384532308547a-10, .304577569615366e-12,
.744787210448344e-12, .262446771953564e-12, .822599205970837e-12,
.475397681876034a-12, .165594564091659e-12, .556740435246523e-12,
.272492224375050e-12, .285397337235853e-11, .446261866564755e-12,
.112577520440687.-11, .414981348526698e-12, .152359915999300e-11,
.152359915999300e-11, .414981348526615e-12, .112577520440684e-11,
.446261866564673e-12, .285397337235853,-11, .272492224374971e-12,
.556740435246574e-12, .165594564091617e-12, .475397681875972e-12,
.1012100249113589-12, .3128275544586359-13, .898470017842281e-13,
.375400526827084e-1i, .304577569615366e-12,-.295033789274474e-11,
.112286157317406e-12, .412509713496936e-13, .1288897845602149-12,
.787975852503073e-13, .319021705175553e-13, .116273278468520e-12,
.5855361823309809-13, .498729847946056e-12, .585946849056675e-13,
.134627519288057e-12, .464501996472394a-13, .165947131093163e-12,
.2121530565378289-12, .550074629541697.-13, .139978003874083e-12,
.515019255569349e-13, .2911035694584949-12, .2728217927099779-13,
.588026561648039e-13, .1875254149637509-13, .589961444145407e-13,
.246357470673127e-12, .750236111840618e-13, .214862314588912a-12,
.8984700178422379-13, .7447872104483389-12, .1122861573174059-12,
-.727795635668745e-i1, .1154598982326539-12, .381279048332040e-12,
.259235926360089e-12, .1186209427529089-12, .4277714958973310-12,
.1979559872624549-12, .127111754863975e-11, .124827534224080.-12,
.283452647304631e-12, .979132398151107e-13, .3557828694019579-12,
.508909545422970e-12, .129802750219794e-12, .326657024258344e-12,
.119165555025175-12, .676355822236962e-12, .649938827634571e-13,
.142095688456812e-12, .4600967424975729-13, .1473855098350219-12,
.8789556606333129-13, .263462532834842e-15, .750236111840626e-13,
.312827554458619e-13, .262446771953567e-12, .4125097134969349-13,
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.115459898232653e-12,-.280027049763728e-11, .18024136121421Oe-12,

.147976086166194e-12, .744191160317134e-13, .234812087575886e-12,

.886716855955350e-13, .418760115646162e-12, .363124352964885e-13,

.835425217115137e-13, .294350795154018e-13, .110242752303443e-12,
.178277714001714e-12, .448404777453530e-13, .112185748441253e-12,
.408218035453565e-13, .234430116883052e-12, .231128085878463e-13,
.511540758276754e-13, .167769209611264e-13, *545517630747573e-13,
.301069154254324e-12, .878955660633680e-13, .246357470673122e-12,
.101210024911352e-12, .822599205970833e-12, .128889784560213a-12,
.381279048332037e-12, .180241361214207e-12,-.980510323466815e-11,
.198311369266989e-11, .389679806845903e-12, .754270607102018e-12,
.209647798193635e-12, .917375059338246e-12, .885552799172663e-13,
.214844311988003e-12, .794816731079065e-13, .314503253703824e-12,
.611117634574935e-12, .150824454259399e-12, .375871356321650e-12,
.136922377974571e-12, .801692430808197e-12, .815826959738588e-13,
.183189504174757e-12, .610016288888309e-13, .201888052845850e-12,
.201888052845897e-12, .545517630747136e-13, .147385509835024e-12,
.589961444145407e-13, .475397681876034e-12, .787975852503069e-13,
.259235926360089e-12, .147976086166194e-12, .198311369266990e-11,

-. 580729044841092e-11, .101864520711762e-12, .214850336918149e-12,
.667935156923921e-13, .356411450448636e-12, .400646635431905.-13,
.990946644685768e-13, .367591750379353e-13, .139695735766443e-12,
.223405297846397e-12. .627775392143864e-13, .169947652136743e-12,
.668873388070645e-13, .452021884391609e-12, .526196752480708e-13,
.123694680610294e-12, .430796958380966e-13, .1499801792384469-12,
.610016288887970e-13, .167769209611295e-13, .460096742497071e-13,
.187525414963743e-13, .165594564091662e-12, .319021705175548e-13,
.118620942752909e-12, .744191160317129e-13, .389679806845907e-12,
.101864520711764e-12,-.170008311168058e-11, .548853212988909e-13,
.188204139002921e-13, .11023126562831le-12, .127209459224088e-13,
.312979144652863e-13, .115259542304324e-13, .43237029981014le-13,
.637968531018122e-13, .183133548966066e-13, .500337745753666e-13,
.198057088691556e-13, .133782033621556e-12, .154274118122263e-13,
.360365170465129e-13, .124670299450054e-13, .430796958381386e-13,
.183189504174735e-12, .511540758276772e-13, .142095688456912e-12,
.588026561648031o-13, .556740435246523e-12, .116273278468520e-12,
.427771495897336e-12, .234812087575887e-12, .754270607102034e-12,
.214S50336918153e-12, .548853212988917e-13,-.462602079570093e-11,
.519841439348362e-13, .329781977188290e-12, .392063836350460e-13,
.963795852075346e-13, .3538556356653069-13, .131702113294458e-12,
.182803795800500e-12, .535139409878780e-13, .147323953205516e-12,
.585692187277554e-13, .3948775320703779-12, .451210014656642.-13,
.104794901828313e-12, .360365170465186e-13, .123694680610240e-12,
.815826959739222e-13, .231128085878466e-13, .6499388276335499-13,
.2728217927099829-13, .272492224375048e-12, .585536182330980e-13,
.197955987262454e-12, .886716855955358e-13, .209647798193636e-12,
.66793515692392le-13, .1882041390029199-13, .5198414393483609-13,

-. 193431536769780-i11, .141622538097357e-12, .1747464963220969-13,
.430943244294655e-13, .158298179317343a-13, .586635610363048e-13,
.77479091405261 le-13, .23171341706783le-13, .642685449218046e-13,
.256469132505215e-13, .172472800288304e-12, .195327426886589e-13,
.451210014656617e-13, .154274118121779e-13, .526196752481348e-13,
.801692430808136e-12, .234430116883054e-12, .676355822237068e-12,
.291103569458494e-12, .285397337235851e-11, .498729847946049e-12,
.127111754863976e-11, .418760115646162e-12, .917375059338246e-12,
.356411450448636e-12, .110231265628311e-12, .329781977188285e-12,
.141622538097357e-12,-.145968474466245e-10, .152915574854950e-12,
.385458882232080e-12, .143803703454443e-12, .536973780588162e-12,
.688299476812118e-12, .219639070704372e-12, .609592057150146e-12,
.240481224513269e-12, .156494431126504e-11, .172472800288258e-12,
.394877532070417e-12, .133782033621612e-12, .452021884391539e-12,
.136922377974574e-12, .408218035454088e-13, .119165555025125e-12,
.515019255569101e-13, .446261866564755e-12, .585946849056679e-13,
.124827534224081e-12, .363124352964887e-13, .885552799172675e-13,
.40064663543191le-13, .1272094592240890-13, .3920638363504608-13,
.174746496322097e-13, .152915574854952e-12,-.224540063041355e-11,
.583706522351235e-13, .222490337740340e-13, .850854221267108e-13,
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.118327355933463e-12, .395987853194552e-13, .105433510951811e-12,

.395997853070891e-13, .2404812245132739-12, .256469132505220e-13,

.585692187277578e-13, .1980570886915719-13, .668873388070657e-13,

.375871356321713e-12, .112185748441203e-12, .326657024258297e-12,

.139978003874135e-12, .112.77S20440687e-11, .134627519288057e-12,

.283452647304634e-12, .835425217115141e-13, .214844311988003a-12,

.990946644685776e-13, .312979144652863e-13, .963795852075346e-13,

.430943244294664e-13, .3854588822320859-12, .5837065223512359-13,
-.573584029688252e-i1, .591025764441805a-13, .232895273098219e-i2,
.369399954547080e-12, .1198784462958219-12, .297334192923299e-12,
.105433510951811e-12, .609592057150156e-12, .642685449218551e-13,
.147323953205463e-12, .500337745753170e-13, .1699476521368039-12,
.150824454259399e-12, .4484047774530679-13, .129802750219905e-12,
.550074629541443e-13, .414981348526698e-12, .464501996472394e-13,
.9791323981511S19-13, .294350795154018e-13, .794816731079069e-13,
.367591750379351e-13, .115259542304323a-13, .353855635665304e-13,
.158298179317346e-13, .143803703454444e-12, .222490337740339e-13,
.591025764441797e-13,-.224466122494412e-11, .966287432759545e-13,
.184176425778734e-12, .5357I0665337099e-13, .1198784462958239-12,
.395987853194566e-13, .219639070704388e-12, .2317134170673309-13,
.535139409878807e-13, .183133548967617e-13, .6277753921428229-13,
.611117634574987e-12, .1782777140017220-12, .5089095454228769-12,
.212153056537862e-12, .152359915999299e-11, .165947131093162e-12,
,355782869401954e-12, .110242752303443e-12, .314503253703827e-12,
.139695735766443e-12, .432370299810139e-13, .131702113294458e-12,
.586635610363052e-13, .536973780588158e-12, .850854221267096e-13,
.2328952730982179-12, .966287432759541e-13,-.854799489043186a-11,
.133489186300647e-11, .1841764257787289-12, .3693999545470749-12,
.118327355933462e-12, .6882994768121349-12, .7747909140531129-13,
.1828037958004999-12, .637968531017088o-13, .223405297846455e-12,
.314503253703776e-12, .110242752303491.-12, .355782869401989e-12,
.165947131093063e-12, .152359915999299e-11, .2121530565378259-12,
.5089095454229709-12, .178277714001713.-12, .611117634574938e-12,
.223405297846399e-12, .637968531018110,-13, .182803795800497.-12,
.77479091405261le-13, .688299476812112e-12, .118327355933462e-12.
.369399954547080e-12, .184176425778734.-12, .133489186300646e-il,
.854799489043186e-11, .9662874327594489-13, .232895273098207e-12,
.850854221267055e-13, .536973780588145e-12, .586635610363097e-13,
.1317021132944549-12, .4323702998100669-13, .139695735766432e-12,
.79481673107906le-13, .2943507951542569-13, .9791323981510879-13,
.464501996472648e-13, .414981348526618e-12, .550074629541697e-13,
.1298027502197959-12, .448404777453530e-13, .150824454259400e-12,
.627775392143872e-13, .183133548966066e-13, .535139409878784e-13,
.2317134170678319-13, .219639070704373e-12, .395987853194552e-13,
.1198784462958219-12, .535710665337101e-13, .184176425778731e-12,
.966287432759460a-13,-.224466122494412o-11, .591025764441740e-13,
.222490337740315e-13, .143803703454436e-12, .1582981793173449-13,
.3538556356653089-13, .115259542304342e-13, .367591750379326e-13,
.214844311988031e-12, .8354252171148469-13, .283452647304628e-12,
.134627519288031e-12, .112577520440683e-Il, .139978003874083.-12,
.3266570242583469-12, .112185748441255e-12, .375871356321650.-12,
.1699476521367439-12, .500337745753666e-13, .147323953205515e-12,
.642685449218050e-13, .6095920571501569-12, .1054335109518119-12,
.297334192923296.-12, .1198784462958239-12, .369399954547080e-12,
.232895273098210e-12, .591025764441728e-13,-.573584029688252e-11,
.583706522351198,-13, .3854588822320629-12, .430943244294629a-13,
.963795852075313e-13, .3129791446528939-13, .9909466446857439-13,
.885552799172671-13, .363124352964874e-13, .124827534224079e-12,
.585946849056933e-13, .446261866564674.-12, .515019255569353e-13,
.1191655550251749-12, .408218035453567e-13, .136922377974572.-12,
.668873388070645e-13, .1980570886915569-13, .585692187277554e-13,
.2564691325052159-13, .240481224513273e-12, .3959978530708879-13,
.1054335109518119-12, .3959878531945709-13, .118327355933462e-12,
.85085422126707le-13, .2224903377403159-13, .583706522351190e-13,
-.224540063041355e-11, .1529155748549429-12, .174746496322084e-13,
.392063836350452e-13, .127209459224098e-13, .4006466354318869-13,
.917375059338220e-12, .418760115646144e-12, .127111754863973e-11,
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.498729847946030e-12, .285397337235851.-11, .291103569458495e-12,

.676355822236962e-12, .234430116883052e-12, .8016924308081919-12,

.452021884391612e-12, .133782033621554e-12, .394877532070372e-12,

.172472800288304e-12, .156494431126504e-I1, .240481224513270e-12,

.609592057150153e-12. .219639070704388e-12, .688299476812134e-12,

.536973780588145e-12, .143803703454434e-12, .385458882232062e-12,

.152915574854946e-12,-.145968474466243e-10, .141622538097348e-12,

.329781977188283e-12, . 10231265628313e-12, .356411450448610e-12,

.209647798193636e-12, .886716855955350e-13, .197955987262454e-12,

.585536182330988e-13, .272492224374969e-12, .272821792709977e-13,

.649938827634579e-13, .231128085878461e-13, .815826959738584e-13,

.526196752480702e-13, .154274118122263e-13, .451210014656638e-13,

.195327426886590e-13, .172472800288260e-12, .256469132505217e-13,

.642685449218543e-13, .231713417067327e-13, .774790914053108e-13,

.586635610363093e-13, .1582981793173438-13, .430943244294627e-13,

.174746496322086e-13, .141622538097349e-12,-.193431536769780e-il,

.519841439348352.-13, .1882041390029208-13, .667935156923892e-13,

.754270607102025e-12, .234812087575886e-12, .427771495897333e-12,

.116273278468520e-12, .556740435246574e-12, .588026561648035e-13,

.142095688456810e-12, .511540758276756e-13, .183189504174759e-12,

.123694680610294e-12, .360365170465129e-13, .104794901828313e-12,

.451210014656617e-13, .394877532070417e-12, .585692187277574e-13,

.147323953205462e-12, .535139409878809e-13, .182803795800500e-12,

.131702113294453e-12, .353855635665304e-13, .963795852075293e-13,

.392063836350452e-13, .329781977188280e-12, .519841439348356e-13,
-.462602079570093e-il, .548853212988915e-13, .214850336918146e-12,
.389679806845907e-12, .744191160317125e-13, .118620942752896e-12,
.319021705175817e-13, .165594564091618e-12, .187525414963752e-13,
.460096742497576e-13, .167769209611266e-13, .610016288888313e-13,
.430796958380970e-13, .124670299450053e-13, .360365170465186e-13,
.154274118121780e-13, .133782033621613e-12, .198057088691571e-13,
.500337745753166e-13, .183133548967617e-13, .637968531017092e-13,
.432370299810072e-13, .11525954230434le-13, .31297914465289le-13,
.127209459224098e-13, .110231265628312e-12, .188204139002920e-13,
.54885321298892le-13,-.170008311168058e-Il, .1018645207117629-12,
.198311369266987e-il, .147976086166178e-12, .259235926360084e-12,
.787975852503069e-13, .475397681875972e-12, .589961444145407e-13,
.147385509835021e-12, .545517630747573e-13, .201888052845851e-12,
.149980179238445e-12, .430796958381386e-13, .123694680610240e-12,
.526196752481346e-13, .452021884391536e-12, .668873388070657e-13,
.169947652136803e-12, .627775392142822e-13, .223405297846455e-12,
.139695735766433e-12, .367591750379326e-13, .990946644685752e-13,
.400646635431880e-13, .356411450448609e-12, .667935156923892e-13,
.214850336918145e-12, .101864520711760e-12,-.580729044841076e-11,

I/radp/Iregs
0
1/radp/Jregs
0
I/radp/kregs
68
0.4,0.25,5,5,2,47,26,28
0.4,0.25,2,4,10,10,26,28
0.4,0.25,2,4,12,12,26,28
0.4,0.25,2,4,17,17,26,28
0.4,0.25,2,24,21,21,26,28
0.4,0.25,2,24,28,28,26,28
0.4,0.25,2,4,32,32,26,28
0.4,0.25,2,4,37,37,26,28
0.4,0.25,2,4,39,39,26,28
0.4,0.25,7,7,2,19,26,28
0.4,0.25,7,7,30,47,26,28
0.4,0.25,7,24,19,19,26,28
0.4,0.25,7,24,30,30,26,28
0.4,0.25,7,12,4,4,26,28
0.4,0.25,7,12,45,45,26,28
0.4,0.25,6,22,14,14,26,28
0.4,0.25,6,22,35,35,26,28
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0.4,0.25,12,12,4,20,26,28
0.4,0.25,12,12,29,45,26,28
0.4,0.25,22,22,14,19,26,28
0.4,0.25,22,22,30,35,26,28
0.4,0.25,5,5,2,47,3,5
0.4,0.25,2,4,10,10,3,5
0.4,0.25,2,4,12,12,3,5
0.4,0.25,2,4,17,17,3,5
0.4,0.25,2,24,21,21,3,5
0.4,0.25,2,24,28,28,3,5
0.4,0.25,2,4,32,32,3,5
0.4,0.25,2,4,37,37,3,5
0.4,0.25,2,4,39,39,3,5
0.4,0.25,7,7,2,19,3,5
0.4,0.25,7,7,30,47,3,5
0.4,0.25,7,24,19,19,3,5
0.4,0.25,7,24,30,30,3,5
0.4,0.25,7,12,4,4,3,5
0.4,0.25,7,12,45,45,3,5
0.4,0.25,6,22,14,14,3,5
0.4,0.25,6,22,35,35,3,5
0.4,0.25,12,12,4,20,3,5
0.4,0.25,12,12,29,45,3,5
0.4,0.25,22,22,14,19,3,5
0.4,0.25,22,22,30,35,3,5
0.8,0.25,2,4,2,9,26,28
0.8,0.25,2,4,13,16,26,28
0.8,0.25,2,4,22,27,26,28
0.8,0.25,2,4,33,36,26,28
0.8,0.25,2,4,40,47,26,28
0.8,0.25,8,11,5,13,26,28
0.8,0.25,8,11,15,18,26,28
0.8,0.25,8,11,31,34,26,28
0.8,0.25,8,11,36,44,26,28
0.8,0.25,10,13,22,27,26,28
0.8,0.25,13,21,15,18,26,28
0.8,0.25,13,21,31,34,26,28
0.8,0.25,17,24,22,27,26,28
0.8,0.25,2,4,2,9,3,5
0.8,0.25,2,4,13,16,3,5
0.8,0.25,2,4,22,27,3,5
0.8,0.25,2,4,33,36,3,5
0.8,0.25,2,4,40,47,3,5
0.8,0.25,8,11,5,13,3,5
0.8,0.25,8,11,15,18,3,5
0.8,0.25,8,11,31,34,3,5
0.8,0.25,8,11,36,44,3,5
0.8,0.25,10,13,22,27,3,5
0.8,0.25,13,21,15,18,3,5
0.8,0.25,13,21,31,34,3,5
0.8,0.25,17,24,22,27,3,5
1/radr/notes
2
castor-v/21 does not use the
radr radiation model
0/radr/h
0
1/radr/Ireg
0
1/radr/It4
0
1/reba
20.0,1
I/hydro
1.0,0.2e-7,0,0.5,1.0,-0.05
0,0.1e-3,0.2
0,0,1.0
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0.65e+6,483.0,0.45345e-3
0.0,0.0, -1.0
0.794e-4,0.355e-6
1/hydro/monI tor/mx
4
9,20,2
9,20,16
22,20,16
9,20,25
0,0,0
1/hydro/monitor/my
0
0,0,0
1/hydro/mon itor/mz
4
2,20,16
8,20,16
23,20,16
2,24,16
0,0,0
1/hydro/specs vis boundary
1
0.1e-19,1.0,1.0,2.0,47.0,2.0,25.0,
189*0.0
1/hydro/specs vis Inside
27
0. le+10,2.0,4.0,10.0,10.0,3.0,24.0,
0.le+10,2.0,4.0,12.0,12.0,3.0,24.0,
0.le+10,2.0,4.0,17.0,17.0,3.0,24.0,
O.le+10,2.0,4.0,32.0,32.0,3.0,24.0,
O.le+10,2.0,4.0,37.0,37.0,3.0,24.0,
0. le+10,2.0,4.0,39.0,39.0,3.0,24.0,
0. le+10,2.0,24.0,21.0,21.0,3.0,24.0,
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