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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 modeiing 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 1 - 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 II1 - 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-IT is a finite difference hydrothermal computer code that predicts
the temperature and velocity distribution in a wide variety of systems.
HYDRA-I! 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 resuits 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 gquidance 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 fiuid
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-II code's current capabiiities 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-IT 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-I1., 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 CONCLUSIDNS
Four principal conclusions were drawn from the work described herein:

® HYDRA-1I successfully performed predictions for the two single-
assembly validation tests. The deviation between predictions and
data was +10°C in ~200°C, 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
+25°C in ~300°C, 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 RECDMMENDATIONS

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-II are desirable, the following are reccommended:

e 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
salves 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 1 - Equations and Numerics {McCann 1987).

HYDRA-TI 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 availabie in HYDRA-II are summarized in
Table 3.1.

3.2 LIMITATIONS

Limitations of the HYDRA-II code include:
¢ no explicit turbulence model
e no mass inflow/outfiow boundary conditions

e ‘“planar” or "two-dimensional®” cavity radiation heat transfer.
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Geomatry and Numerlcs

Fluid Solutlon

Tharmal Solution

FProgram and
input/Output
Control

4

~

\
[ ]

TABLE 3.1. HYDRA-II Modeling Capabilities

ful ly thres-dimensional
vartable grid spacing in both cartesian and cylindrical grids

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

sevaral iterative schemes for use, alone or in combination, in obtaining solution for the fluid

pressure fiald

"+ ime" advance to steady state

finite-difference on a cartesian grid

modeling a closed system

compressible, (deal gas

orifice- and Darcy-fiow models

user-spacitied, orthotroplc fluid permeabillties and subgrid scale obstructions
user-specified temperature-dependent viscosity .

fixed systempressure or total-mass operation conditions

finite-difference on a carteslan grid and, if desired, an enveloping cylindrical grid
modeiing an opan system

conduction, convaction, and radiatlon heat transfer modes; correlation for natural convaction
heat transfer to the environment

user-spaclfied, temparature-dependant and orthotropic conductivity

user-specifled, spatlally-dapandent anargy-source terms

several models for radiation heat transfer

variably-dimenslioned arrays {requlired core size specified by the user through PARAMETER
statemants)

restart and post-processing dumps

achoed | nput

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:

]-.

2,

basic information that is application-specific and measurable (e.g.,
container dimensions, heat generation rates, ambient conditions)

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

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-11 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 piacement
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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e 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. Al
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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APPENDIX A

HYDRA-II INPUT FILE FOR THE PWR SINGLE-ASSEMBLY

SPENT FUEL TEST -~ HELIUM BACKFILL CASE

1/main
7
so thay 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 HYORA~I1 in July 1987
20,50,10

1,1,50

1.0,1,0,0

,0.5,0.010

0,1
/Print Plane Options

=

1

i

5,6,7,8,9,10,11,12,13,14,15,4%16
/grid/ jebag
4%2,3.4.5,6.7,8,9,10,11,12,13,14

1/grid/ jeend

16*16

1/grid/imend
2,5,6,7,8,9,10,11,12,13,14,15,5416
1/grid/jmbheg
5%2,3,4,5,6,7,8,9,10,11,12,13
1/grid/Jmend

16*16

1/grid/lcart
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,3*17
1/grid/Jcart
3*1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
1/GRID/isend

27%2

1/grid/dx

Al



2%0,71501,7%1.43002, 1, 173689360417,1,067883962285, 1,06058270993,

0,8490107473344,0,6721356491955,0,517475198744,2%0,3774228137623
t/grid/dy

2%0,3774228137623, 0,517475198744, 0.6721356491955,
0.8490107473344, 1,06058270993,

1.,0678839622085, 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,

21.3%,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,.33% /toph,topl,topv,topc,topn

0,0,0,0,.25 /both,botl,botv,botc,botn

1 /prop/ccona,cconb

low conductivity
0,10-20,0.0,0

high conductlvity
0.10+20,0.0,0

hellum (backflll gas}
0.52e-3,0,328-5,0

sst
0,09215,0,1465e-3,0
air (backfill gas}
0.6880e-4,0.6340e-6,0
1 /prop/specs def, 01 Isotroplic and 11 parallel

038,4.0,0,4699,
,4,0,0.7392,

et WD D ] ON D = LA AN e e B s A

¥
le-20,1,40,
,0.le~ 20 0.0,

t/prop/specs def. 31 fuel assembly
1

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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1/thaerm
0.5,5.234,0.5
0,100,1

1 /THERM/mon | tor/+
12

06,0,0

1 /tharm/qw$

2,9,9,16

2,2,16,16

6,6,16,16

7,7,14,14

5,5,13,13

2,2,12,12

4,4,11,11

T, 7,11, 11

4%

1/therm/qgep

290, 2,9,9,16

0, 4*%)

1/therm/ralact
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/pagen

0

W W

- m om

DO 0000 —
-

-

1/tharm/tcan

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,
420.0,410,0,400,0,3590.0,380,0

| /THERM/necho/nawtc,info,ts

0,1

187377, 18%378, 18%382, 18*388, 18%395, 18%403, 18%a11,
18*41g, 18%424, 18%429, 18*431, 18*433%, 18433, 18%432,
18%430, 18%426, 18%421, 18%415, 18%410, 18%40%, 18%398,
18%393, 18%387, 18%381, 18%377, 18%*375, 18%37%
1/tharm/de! ta

0

2,16,2,16

25%0.0

[ /REBT/meche

0.1e+6,12,t /REBT/xdtime, nmax,nfo

1/props

T*0

0,0,0,0,,333 /toph,topl,topy,topc,topn

0,0,0,0,.29 /both,botl,botvy,botc,botn

0,0,0,0,,25 /sldeh,stdel,sidav,sidec,siden
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1/props/ccona,cconb
7

{ow conductivity
0.1e-20,0,0,0

high conductivity
0,1a+20,0,0,0

alr (backflll gas)
0,6880-4,0.6340-6,0
air {(amblent gas)
0.68800-4,0,63400-6,0

copper
4,05,-0,8000-3,0
lead
0,392,-1,333e-4,0
sst

0,09215,0, 14656-3,0
1/props/specs def, 01 isotropic
o]

1/props/specs def, 21 sarles
0

1/props/Index
0,0
288%g
1/tside
1,300,%
1 /TSIDE/necho/monts
0
0,0,0
1/tside/delta
0
25%0,0Q
1 /RADC/necho
0 /RADC/infa
i /RADC/necho/nregs
2 /RADC/nrags
22,1,19,1,1,1
22,1,19,2,2,1
1 /RADC/necho/kcal | s
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/nicells
19, 5%9,5%10,11,12,13,14,15,16,3%17
Ig! 2’3,4’5’6’6’?’8,9,10.t0’9,8,7'6,5'4’3'2
1 /RADC/necha/jcalls
19, 16,15,14,1%,12,11,11,10,9,8,8,9,10,11,12,13,14,15,16
19, 5%9,5%3,7,6,5,4,3,2, 5%
1 /RADC/necho
19 /RADC/nsurfs/h
-%,1890246552907e-12, 3,8581063820283s-13, 3.678337136055e-13,
3.418839678887e=13, 3,0795080009331e-13, 7,7253009779528s~14,
9,9001372435687e-14, 8.543430860918e=14, 7.0730837734147e=-14,
4,.4855459686455e-14, 6,3139217316748e-14, 1,09030677876448-13,
1.221704519254% =13, 1,3713972724984e-13, 1,6168769542%e-13,
1.948519659520960~13, 2.1656389499364a~13, 2,6244825653828e-13,
1,4123865640481a-13
3,8581063820283%-13, -6.0095217771782e-12, 7.300319481204%-13,
6,8427860125272e~13, 6,2045161997019e~13, 1,5887172%1646Be-13,
2,019796614111e-13, 1,7472284037321e-13, 1,4383063618636a-13,
8,9545514753089e-14, 1,2436753495435e~13, 2,243880452912Be-13,
2,54778754654640-13, 2.8817335376047e-13, 3.38220203930128-13,
3.9855033331899e-13, 4.311261767264e-13, 4,9826449101475e-13,
2,6212970009228e-13
3.,678337136055%e-13, 7.300319481205e-13, -6.0576446616017e-12,
6,8496296160341e-13, 6,3547892317002s~13, 1,7843253296807a~135,
2,1233799569071e-13, 1,8461322136073e-13, 1,4952976905051e-13,
9,08668285460968~14, 1,2523317838119%e-13, 2,3301874312947e~13,
2,8817727284165e-13, 3,3025225331455e-13, 3,76627540038e-13,
4,121579981816e-13, 4,1402955287218e-13, 4,2904735328707e~13,
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2.1521307543994e~13
3,4188396788879-13,
-6.0850426385451a-12,
2,244266402610=13, 1
$,0427829255509e~-14,
3.4839247788143e~13,
4,02916161608260-13,
1,67025378244870-13
3,0795080009333e-13,
6,8011336409547e-13,
1,94484823570488-13,
7.96356522469356-14,
2.29794395264630-13,
3.6617865435095a-13,
1.3639997985327e-13
7.7253009779529e-14,
2,5518520652189e-13,
3,5053519980431e-14,
2.3163879065574e~14,
4,84491000576829e-14,
6.5024922026343-14,
3,46384964792440-14
9,9001372435687e-14,
2.244266402610-13, 1
-2,32837002733940-12,
5,1024741918253e~14,
2.39416369392930-13,
9,99763480645230~14,
3,086534566996 7~ 14
8.5434308609181a-14,
1,935239139895a-13,
1,0519448126222e-13,
7.3948593378828e~14,
2,6906570260088e-13,
7.3658623686205e-14,
2.54457678967650—14
7.0730837734149%-14,
1,4968160928448e-13,
8.94929607546870-14,
1,44693415446150-13,
1,7754745481518e~13,
5,7888959114367e-14,
2.2167223392017e-14
4,48554596864500-14,
9.0427829255512e-14,
5,1024741918277e-14,
-1.7611829483160-12,
8, 1385036493607e-14,
3,978306561718%6-14,
1,641502718759%~14
6,3139217316748e-14,
1,2592893237769e-13,
7.7481490038250-14,
5.9278980633468e-13,
1. 106580969 1285a-13,
5,36817860470486~14,
2.2611146902131e-14
1.09030677876440-13,
2,0907314577280-13,
1.723148446728%-13,
1,6782691477622e-13,
1,6060364983018e~13,
6,6144389301565a-14,
2,6367620743520~14
1,2217045192548a~13,
3.4839247788143a-13,
2.394163693929%~13,

6.8427860125272a~13,
6.80113364095460-13,

.9352391338948e—13, 1
1.2592893237769e-13,

3,9561479563992e-13,

3,7068898019509e-13,

6.2045161997022e~13,
-5,8820043196986e-12,
1.59696016280268~-13,
1,16380470951968-13,
3,89980599371786-13,
3,2179380349806a-13,

1.5887172316467e~13,
6.59763854776428-13,
3.2602369815175e-14,
4,094003311512%e~14,
4,6797352972964a-14,
6,9237920747707e-14,

2,0197966141111e~13,
.3448482357047a~13,
1,0519448126222a-13,
7.7481490038181e-14,
2.0522976522277e-13,
8,2241734479346a-14,

1,7472284037321e-13,
1.5969601628024e~-13,

-2,3071745731415e~-12,

1.22077286693480~13,
1,5631801636123e-13,
6.487290458799e~14,

1,43830636186350~13,
1,2277739170191e-13,
1,2541449061195e-13,
3.0572194250519a-13,
1.0015515372685e-13,
5.42517376020570-14,

8.9545514753083e-14,
7.963565224687%-14,
7.39485933788230-14,
5,92789806334650-13,
5.6404802267095a~14,
3,89463158039950-14,

1.2436753495434e-13,
1.1638047095182e-13,
1.2207728669345e=13,
-2,3143167252529e-12,
7.6753095449604e-14,
5.,1362727002215e-14,

2,243880452912-13,
1.5689922384 1 12e-13,

3,0736800296909e~13,
1,97941242743260~13,
1,0780684919558e-13,
6.108889340983%¢~14,

2.547787546547 1a~13,
2.2979439526464-13,
2.69065702600860-13,

6.8456296 160339e-13,
2,5518520652189e~13,

.49581609284466-13,
2.0907314577275e-13,
4,1523425525472e-13,
3,4608441741733e-13,

6.3547892317003e-13,
6.59763854776420-13,
1.2277739170194e~13,
1,56899223841180-13,
4,17897143431040-13,
2.86327603230730-13,

1.7843253296807e-13,
-1,9391195019104e-12,
3.0506%08045754e-14,
5.1521333103803e-14,
5.7995535018237e~14,
6.96810804261658a~14,

2.125379956907e-13,

3,5053519988431e-14,

8,94929607546%s-14,
1.7231484467298e-13,
1.4101076025451e-13,
6.66371722515520~14,

1.8461322136073a-13,
3.2602369815176e-14,
1.,2541449061195e-13,
3,0736800296904e-13,
9,9023949975836e~14,
5.4194082689034a~14,

1.49529769050530—13,
3,0506908045756e-14,
~2.26729200773560-12,
4,0532815457129¢-13,
7,08867142975%e-14,
4,66866488949710~14,

9,08668285460980~14,
2.316387906556 1a-14,
1,44693415446150-13,
1.67826914776250-13,
4,5180428281999¢-14,
3.42896372566940-14,

1,2523317838119e-13,
4,09400331150850-14,
3,0572194250518a=13,
1,9794124274324e-13,
6.1125314011731e-14,
4,67234215154820-14,

2.3301874312955¢-13,
5,15213331038460-14,

4,0532815457129e-13,
-2.791227676344 1e-12,
7.97260334001220-14,
5.4779911715445e-14,

2,80817727284157a~13,

4,8449100057785e-14,
1,77547454815%8e-13,
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8.1385036493596a-14,
-2,69278169126640-12
6,0640353343632a~14,
2.37142796716140-14
1.3713972724984a-13,
3,9561479563992a—-13,
2,0522976522274a-13,
5,6404802267103e-14,
9,945690024695%e~14,
5.07615281589646-14,
2,0366817644065e—14
1.61687695429e-13,
4,1523425525471a-13,
1,410107602545a-13,
4,5180428281972e=14,
7.4072159783812e~-14,
4,29636576105960-14,
1,80405400753%95%a-14
1.9485196952096e-=13,
4,0291616160821e~13,
9,997634806454a-14,
3.9783065617206e-14,
6,06403533436616-14,
-2,4775963586984e-12
1.6267890575128a-14
2,16563894993660-13,
3,7068898019509a~13,
8,22417344793160-14,
3,8946315804001a=-14,
5,5102902572901a-14,
3.85950953566680-14,
1.48490435803880-14
2.6244825653828e-13,
3.46084417417322~13,
6.6637172251567a-14,
3.4289637256682e-~14,
4,9356332976135e~14,
3.355462081335e-14,
1.49970197378460-14
1.4123865640481a-13,
1.6702537824493e-13,
3.08653456699650~14,
1.6415027187603e-14,
2.3714279671599e~14,
1.6267890575127s-14,
-1.208713009590%a-12

1 /RADP/neacho

0 /RADP/Iiregs

Y /RADP/necho

0 /RADP/Jreqgs

1 /RADP/necho

1. 106580969128%e~13,
9,94569002469718-14
5,5102902572931a-14,

¥

2,8817335376051e-13,
3.899805993717%-13,
1.56318016361230~13,
7.67530954496322-14,
~2,6104638182692a-12
4,65617962097860-14,

3,3822020393007e-13,
4,17897143431030~13,
9.9023945975831a~14,
6,11253140117372-14,
6.0417912905391e-14,
4,0628188213737e~14,

3,985503335189%e-13,
3.6617865435094e~13,
1.3658623686177a~14,
5,3681788047015a-14,
5.0761528158966a~14,
. 3,8595095356668e~14
4,3112617672642e-~13,
3,2179380349807e~13,
5.4872904588017e-14,
5.1362727002231s-14,
4,.656179620979%e-14,
-2,40185996642250-12

4,9826449101475e~13,
2,86327603230720-15,
5.4194082689018e~14,
4,67234215154930=14,
4,22730985712180-14,
2,9918298570311e-14,

2.6212970009227e-13,
1,36399979853260-13,
2,544576789675e-14,

2,26111469021250~14,
2,0366817644057e~14,
1.4849043580388e~14,

1.6060364983022e=13,
7.4072159783835e~14,
4,9356332976105a-14,

E

3.3025225331447a-13,
4,67973529730140-14,
1,00155153726850=13,
1,0780684919555e~-13,
6.0417912905391e-14,
4,2273098571245a-14,

3.,7662734003806e-13,
5,79955350182360-14,
7,08867142975632-14,
7,97260334001148-14,
-2,5380783425553e-12,
3.734051064336%e-14,

4,1215799818159%e-13,
6,9024922028343e-14,
5.78889591143910~14,
6,61443893015570-14,
4,29636576105840~14,
, 3,3554620813347e~-14,
4,1402955287218e-13,
5.9237920747722a-14,
5.,4251737602043a-14,
6.1088893409840-14,
4,0628188213745e-14,
s, 2.9918298570311e-14,
4,2904735328707a-13,
6,96818042616440-14,
4,6685648894982e-14,
5.47799117154170~14,
3,7340510643385a~14,
~-2,4025646813853e-12,

2.1521307543991e-13,
3.4638496479237e-14,
Z2,2167223392032a-14,
2,63676207435356a~14,
1,8040540075395e-14,
1,4957019737846a-14,

3 /RADP/kregs/el,2,1bag,lend, jbeg, jond,kbeq, kend

.9, .3, 2,9, 9,16, 24,
.3, o3, 7,10, 8,8, 23,
.3, .3, 10,10, 9,11, 2
1 /RADR/nacho

2 /RADR/|Tnas/text
am!{ttance of rods s 0

77
27
3,27

.8

connectors confined to assambly

1/radr/nh/h
25

3’

»
a-
r

’

¥

¥

o) O-OCJO

I.
5-
2.
0.
00
3.

0,171,

Oo; 00:
71, 0,388,
0.,

0-;

0.;
0-,

0.,

0.,

0-]

0., 0,171, 0,208,

0.’
4, 6a=2,

4.60-2,

0,208, 5.e-3,
4,6e=-2, 0,, O,,
0,208, 0,208, 5.e-3,
4,6e-2, 4,60-2, 0,,

0.,

O, 0., 0,208, Il,e-2,

A.G

0.,
O.l

00
0-,
0.,

0.,



0., 5.6"3, 4.69-2, 0., 0., 0., 0., 0., 4.69"'2, 4069_2p 0-; Oo;
0., O.
4,, Q.17t, oO., O,171, 0,342, 0., 0,, 0.208, 0,208, 5.e-3, 0.,
5,e-%, 1l.,e-2, 0,, O0,, 0,, 0,, 4.,6e0-2, 4,68-2, 4,6e-2, 4,6e-2, 0.,
0., 0,, 0.
5., 0,342, 0,171, 0,, 0.171, 0,208, 0., 0O,, 0,208, I,e-Z, S5.,e-3,
0., 5.e=3, 4,6e-2, 4,6e-2, 0,, 0., 0., 0., 4.6e-2, 4,68-2, 0.,
0,, 0., 0.
6,, 0,171, o0,, O,tM1, 0,342, 0., 0., 0,208, 0,208, 0., 0,,
5,e-3, 1l,e~2, 0., 0,, 0,, 0,, 4.,68-2, 4.,6e-2, 4,6e-2, 0,, 0.,
O-’ Ol; 0.
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., .s
0.
&,, 0O.,, 0., 0,171, 0.%2, 0., 0., 0,208, 0,, O., 0O,, 5.e-3,
l.e-2, 0., 0., 0., 0,, 4.68-2, 4.68=2, 0,, 0., 0,, 0,, 0,, 0,
9., 0,342, 0,11 g,, 0., 0,208, 0., 0., 0,, 1l,0-2 5.0-3, 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,
1,82, 0., 0., 1,02, 4.69 -2, 0., 0,, 0., 0., 4,6e-2, 4.,6e-2,
4,6e0-2, 0,, 0., 0,, O.
1t., 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_6e0-2, 4,6e-2, 0,, 0., 0,, 0.
‘2., 0,342, 0.388, 0.342, 0.388, 0,208, 0,208, 0,208, 0,208,
1.e-2, t,e~2, 0,, 1l.e-2, 4,6e-2, 4,60~2, 4,60-2, 0,, 0., 4.6e-2,
4,6e0-2, 4,6e-2, 0,, 0., 0,, 0.
13,, .388, 0,342, 0,388, 0.342, 0.208, 0,208, 0.208, 0,208, O.,
0., l,e=2, 1,e=2, 0,, 0., 0,, 4,6e0-2, 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,
1.e-2, 1,e~2, 0,, 0., 4,6e-2, 4,6e~2, 4,6e-2, 04,, 0., 0., 0.,
4 fe-2, O0,, 0., 0Q,, 0.
15., 0., 0.342, 0,388, 0,342, 0,, 0,208, 0,208, 0., 0O,, 0.,
l.e-2, 1,e~2, 0,, 0., 0,, 4,6e-2, 4,6e-2, 4.6e-2, 0., 0., 0.,
0., 0,, 0.
6., 0,342, 0.388, 0,342, 0., 0,208, 0,208, 0,, 0., 1l,e~2, 1l,e=2,
0,, D,, 4.6e-2, 4.,68-2, 4.68-2, 0., 0,, OD., 0,, 0., 0., 0,, 0.,
Q.
17., 0,342, 0,342, 0,342, 0,342, 0,208, 0,208, 0,208, 0,208,
1.e-2, l.e=2, 1l,e-2, t,e-2, 4.6e-2, 4_6e-2, 4,60-2, 4,60-2, 4.,60-2,
4,68-2, 4,60-2, 4,56-2, 0., 0., 0., 0.
18,, 0,342, 0,342, 0,342, 0,342, 0,208, 0,208, 0,208, 0,208, 0.,
l.8-2, l.e=2, 1,8-2, 0., 4.6e-2, 4 6e~2. 4,6e-2, 4,6e-2, 4,6e-2,
4,6e-2, 0,, 0., 0,, 0., O,
19,, 0,342, 0,342, 0,382, 0,342, 0,208, 0,208, 0,208, 0,208,
l.e=2, 1l,0-2, 1,e-2, 0., 4,6e-2, 4,6e-2, 4,6e-2, 4,62-2, 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.,
l.e-2, l,0~2, 0,, 0,, 4,60-2, 4.6e-2, 4.,6e-2, 4,6e-~2, 0,, 0., 0,,
0-. Oo’ O-; 0.
21,, 0,, 0,342, 0,342, 0.342, 0., 0,208, 0,208, 0., 0,, l.e-2,
1,0-2, 1,e-2, 0., 0,, 4.6e-2, 4,6e-2, 4.6e-2, 4,68~2, 0., 0., 0.,
Q., 0,, 0.
22,, 0,342, 0,342, 0,342, 0,, 0,208, 0,208, O,, 0., l,8~2, 1,e-2,
1,e-2, 0,, 4.6e-2, 4,6e-2, 4,60-2, A4,6e~-2, 0,, 0., 0,, 0., 0.,
0., 0., 0O,
23, 0,, 0.342, 0.342, 0,342, 0., 0.208, 0.208, 0,, 0., l.e-2,
1.e-2, 0., 0., 0., #4.68-2, 4.,60-2, 4,68-2, 0,, 0., 0., 0., 0.,
., 0.
24,, 0,342, 0,342, 0,342, 0,, 0,208, 0.208, 0,, 0., 0., l.,e-2,
1,e-2, 0., 0©0,, 4.6e-2, 4,60-2, 4,6e-2, 0,, 0., 0,, 0., 0,, 0.,
0,, 0.
25,, 0., 0,342, 0,32, 0., 0., 0,208, 0., 0,, 0., 1l,e=2, 1tl,e=2,
0., 0,, 0., 4,6e-2, 4,6e~-2, 0,, 0., 0,, 0., 0,, 0,, 0., 0O,

1 /RADR/lreg

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
4,4,4,7,16,18,2,23
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
9,9,2,2,9,9,2,25,
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,
25,23,9,9,10,10,2,23
24,24,8,8,9,9,2,253,
25,25,9,9,%,9.2,23
1/radr/It4

1,2,9,9,16,2,23

1 /REBA/necho

20, 0 /REBA/dtmax,info
1/hydro
t.0,0,1e~7,0,0,5,1,0,-0, 1
0,0.1e-2,1.0

0,0,1,0
1082179,0,450,0,0,11566e-3
0.0,0,0,~-1.0
0.70-4,0.40-6

1 /HYDRO/monmx

g = T R . S gl T e o R -

ro/specs vis boundary

2
1.0e-20,2,0,16,0,17,0,17.0,2.0,26,0,
1,0e-20,1,0,1,0,2,0,16,0,2,0,26.0,
28"0,0

t/hydro/specs vis inside

2

0.%e+10,7.0,10,0,8,0,8,0,2,0,23,0,
0.1e+10,10,0,10,0,9,0,11.0,2,0,23.0,
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28*0,0
1/propm/parm0
1,0e+4
1/propm/ax

]

~1,6*D
i/propm/ay
0

~1,6%0
1/propm/az
Q

~1,6%)

1/propm/axi

4]

0.25, 9,9,9,16,2,23
0,1e-6, 9,9,9,16,24,24
~1,6%0

1/propm/ayi

4]

0.25, 2,9,8,8,2,23
0.1e-6, 2,9,8,8,24
~1,6%0

1/propm/azi

Q

0,559, 2,9,9,16,23,253

0.294, 8,8,10,16,24,24
0.294, 2,7,10,10,24,24
0.le-6, 9,9,9,16,24,24
0.le-6, 2,8,9,9,24,24

-1,6%0

1/propm/por

0

»24

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

1/praom/permx

0

0.00466, 2,9,9,16,2,23
~-1,6%0

1/propm/permy

0

0,00466, 2,9,9,16,2,23
-1,6"0

1/propm/permz

0

0.0098, 2,9,9,16,2,24

~1,6%0

1/pdg

0.8,0,5a-6

1/piter

4,25

1.0,0,0,1,0

1/pitar/norder

4

2,4,1,0

1/piles

0.12-7,1,25,4,0

1 /REBQ/necho

0,0 /REBQ/mmax,info

1,1,1 /REBQ/%bound, jbound, i bound
0.1a-20, 0,1e-20, 0,1e-20 /REBQ/akkmin,aimin,aliimin
1 /REBQ/nacho

0 /REBQ/kreg

1 /REBQ/necho

0 /REBQ/kbida
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/REBQ/nechg
/REBQ/ jreg
/REBQ/necho
/REBY/ |bida
/REBQ/nacho
/REBQ/1reg
/REBQ/necho
/REBQ/Ibida
1/af

6,0

1/avg
0,1082179.0

Ot QOO = O~
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APPENDIX B

HYDRA-I1 INPUT FILE FOR THE ELECTRICALLY-HEATED,

SINGLE-ASSEMBLY TEST -- AIR BACKFILL, INCLINED
ORTENTATION, 1-kW CASE

1/main
7
so they chop and change, and each fresh move
Is inly a fresh mistake.
robert service

tnput for agns 5/9/85

source |s h2ag, Input file is Inh2agl

1/2 symmetry, inclined, alr, 1,0kw, run 1
6,4,1

maln/print arrays or info
£0/pt1
¥

»3,3,172,20

rid/leend
,3,4,5,6,7,8,9,10,1%,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
2,2,2,3,4,5,6,7,8,9,10,11,12,15,14,15,16,17
1/grid/ Jeend
35,35,35,34,33,32,31,30,29,28,27,26,25,24,23,22,
21,20

1/grid/imend
3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,6%18,
17,16,15,14,1%,12,11,10,9,8,7,6,5,4,3

1/grid/ jmbeg
2,2,2,2,3,4,5,6,7,8,9,10,14,12,13,14,15,16
1/grid/ jmand
35,35,35,35,34,33,32,31,30,29,28,27,26,25,24,23,
22,2t

Y/grid/icart

0
]
0
0
0
Q
Q
8]
«0,2/pmx
0
0
Q
4]
q
0
g
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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

1/grid/jeart

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/lsend

28%2

1/grid/dx
1.0,2%2,9464,2,2098,2%1,4732,0,381,0.5334,0,889,1,6002,
2.431504306,1,2478135387,0,598477002,0,3301857,0,223356546,
0,772350835,0.63908606,0,734174295,1.0

1/grid/dy
1.0,0,734174295,0,63%08606,0,772350835,0,223356546,0,3301857,
0.598477002,1,247813387,2,4351504306,1,6002,0,889,0.5334,0,381,
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,
0.3301857,0,223356546,0,772350835,0,63908606,0.754174295,1,0
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/qrid/dr
22,225,2%1,0

1/prop
=1,-1,=1,=1,-1,-1,0
2,0,0,0,0.0,0.0,0,0
0.0,0,0,0.0,0,0,0,0

1/prop/ccond,cconl ccan3

low conductivity
0,1-20,0.0,0,0

high conductivity
0.1e+20,0,0,0,0

alr {backflll 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}
0.52¢-3,0,32e-5,0,0

1/prop/specs def, 01 tsotropic and 11 paralisf
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,
5,0,0.1854,
6.0,1,0,4,0,1.0,
72%0.0
t/prop/spacs def, 21 sarias
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,
13,0,3,0,0,394,0.0,0,0,0,0,
14,0,3,0,0.4,0,0,0,0,0,0,

1/prop/spacs 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

t/prop/index

10,46
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35,2,27,1,1,1,
23,2,23,1,31,20,
3,2,23,1,42,14,

-
-
-

L,

,4,22,10,22,11,
,4,22,10,22, 11,
,21,10,21,11,
5,15,5,
5,15,5,

MR R =
-
w w o Pafaw

F o N I TR I S )

- w

MR B b B A L A

r
¥
¥

Wl w ow W

2,10,10,1

I T R L L R R .

Pl ot W s w
— M % P faw

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
erm/q walghting factor
2,6,14,23,
75,2%2,18,19,
5,2%3,2%17,

.75,2%3 2%*20,
.555555556,2%4,2*16,
.555555556,2%4,2%21,
.5,2%5, 249,

h
¥
3

~ N3 O+ O

5,2%,2%17,
5,2%6,2920,
»

1/tharm/gqroup power

475,5,2,6,14,23,

0,0,4%0

1/therm/relact

4%*0,0,17%1,0,5%0,0

1/therm/pqgen

1/therm/+cen

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,
450,0,430.0,410.0,3%90.0,%70.0

1/therm/ts1

0,0
331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,
331,9,331,9,531,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,9,
331,9,331,9,331,9,331,9,331,9,331,9,331,9,331,.9,331,9,331,9,331,9,331,9,
331,9,331,9,
336,9,337,2,357,6,5%37.9,538.2,3348.4,338,5,338,7,539,0,339.6,340,1,340,5,
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340,6,340,8,341,0,341,3,341,7,342.3,545,1,344,1,345.2,%46,4,547,2,347,9,
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,
156,5,356,8,357,3,358,1,359, 1,360,6,362,6, 35,0, 367,8,370,8,373.0, 374, 8,
375,8,376.,2,376.8,377.6,379,0,380.8,381,8, %82, 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,
390,5,391.0,391,8,395,1,395,2,397,0,397.9,398,4,398.,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, 395, 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,
389,3,389,7,390,5,391,9,393,5,395,7,5968,2,400,7,403,1,405,2,406, 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,%91,1,391.9,392,7,393,2,393,5,594,0,394,9,396.7,398,6, 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,
424,4,424,6,425,0,425,6,426,5,427,5,427.6,427,7,427,8,428.,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,
430.9,431,0,431,3,431,7,432,4,432.9,435,2,433,3,433,4,433,5,433,7,433,8,
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,
428,3,428,5,429,0,429,7,430,5,451,5,432,6,433,6,434,5,435,2,435,7,436, 1,
436,3,436,5,436,6,437.0,437,4,437.8,438,0,438,1,438.1,438,2,438,4,4%8, 5,
438,5,438.6,

429,8,430,1,430.5,430,9,431,3,431.6,431,8,432,0,432.5,435.4,434,3,434,9,
435,2,435.4,435,7,436,5,436,9,457,7,438,6,439.3,440,0,440,6,441,0,441.2,
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 ,442,9,44%,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,
449,1,449,1,449,2,449,3,449,4,449,5,445,6,449,6,449,5,449,6,449,6,443,7,
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,

446,9,447,2,447,7,448,2,448,6,448,9,449,0,849.2,449,7,450,5,451,2,451,6,
451,8,451,9,452,1,452.4,452,6,452,9,453.2,453,5,455%,4,453,5,453,5,453,5,
453,6,453,6,453.6,453,7,453,8,453,9,453,9,455,9,454,0,454,0,454,0,454, 1,
454,1,454,1,

448,9,449.1,445,5,449,8,450,1,450,4,450,5,450.7,451,0,451,7,452,3,452,7,
452.8,452,9,453,2,453,5,45%,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,
453,2,455,4,453,6,454,0,454,%,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,

446,9,447,3,447,9,448,5,443.0,449,3,449,5,449,8,450,3,451,2,452, 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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44%_6,445,9,4465.3,446,8,447,2,447,5,447,6,447,9,448,53,449,1,449,9,450.4,
450,6,450.8,451,0,451,4,451,9,452,4,452.9,455,3,453,6,453,9,454,1,454,2,
454 ,5,454,4,454.4,454 65,454,8,455,0,455,1,455,2,455,2,455,2,455,3,455,4,
455.5,455.6,
442,8,443,0,443,4,443,9,444 3 444,5,344,7,444,9,445,3,446,2,447,0,447,4,
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,
448,1,448.2,448,3,448,5,348,0,449,1,449,3,449,4,434%,4,449,5,449,7,449,8,
449,9,450,0,
434,1,434,5,435,1,435,6,436,1,436,4,436,6,436,9,437,4,438,5,439,3,439,48,
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,
430,0,430,4,430,9,431,4,451,8,432,1,432,3,432,6,433,0,434,0,434,9,435,4,
435,6,435,0,436,1,436,6,437,1,437,7,438,3,438,9,439,4,439,8,440,0,440.3,
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,
431,0,43%,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,
407,9,408,0,408,2,408,5,408,8,409,5,409,9,410,6,411,3,412,0,412,5,412.8,
412,9,413,0,413,0,413,1,413,0,413,0,413,0,413,0,413,0,415,0,413,0,413,2,
413.3,413,6,
392.4,392,4,392,5,392,6,392,7,392.,7,%92,7,392,8,392,9,395,0,393,2, 393, 3,
393,3,393,4,393,4,393,5,593,6,393,7,393,9,354,1,394,2,394,4,394,5,394,5,
394 ,.6,394,7,394.7,394,7,394,7,394.7,394,7,394,7,394,7,594,7,394,7,394,7,
354.8,394,8,
388.6,388,6,388,56,%88,6,388,6,388,.6, 588,56, 389,6,388,6,3808,6,388,6,388,6,
388.6,388,6,388,6,3688,6,388,6,3088,6,388,6,388,6,388,6,388,6,388,6,388,6,
388.6,388,6,388,6,388,_6,388,6,388,6,388,6,388,6,388,6,588.6, 588,6, 384,65,
388,6,388,6

1/therm/de! ta

Iy,

2,8,12,25

4%0,0,6%-1,0,6%=2,0,6%-1,0,4%2,0

1/rebt

0,.60+4,8,1

1/props
-1,-1,-

0 0,0.

0.0,0,

0.0,0.
1/pr ,ccond

Jprop
0

1/props/specs det, 01 Isotropic and 11 parallel
a

1/props/specs def, 21 series

y;

1 /props/index

0,0

1/tstide
0,273,0,1,0
1/tside/monitor/ts
0

0,0,0
1/tside/delta

0

26*0,0
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1/radc

0

1/radc/ Index
6

22.1.48.4,
!/radc/kce
22,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20,21,22,23
I/radc/lce [
14,2,3,4,5
26, 12*8 ,
34,2,3,4,5
12 11,1
48,9,10,11
1/radc/ jeol !
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,
24,2%,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,
25,26,27,28,29,30,30,29,28,27,26,25,24,2%,22,21,20,
19,18,17,16,15,14,13,12,11,10,9,8,7
0/radc/h
14
-.30574083525087Ze~-11, ,4330740612810246-13, ,423395213422115e~14,
.901881524921650e-15, ,122044373354938e-14, ,102809682969625¢~14,
+2294631247698290~14,0, . «D533708752143451a-14,
.361077857744347a-14, ,208065090565161e-13, ,276094746487317a=-12,
»2697572819267179e-11,0. .
«433074061281028e~13,-,310919576769426e~11, ,3669408853511560-13,
.A09131627248998e-14, ,159036080507495e-14, ,851708137606318s~19,
. 166238650327840a-14,0, , -7824717839457830-14,

«205726271717621720-13, ,2431806909314640-12, ,247622299843552a-11,
«2731974663300110-12,0,

.42339521342212%e-14, .36694088535]1589—13 -, 234735607657558e-11,

+3121038400064648-13, ,698810550312356e-14, _2130176525065020-14,
.34527]4010247029—14,0. , «343711640941815e-13,
«214707967576428e-12, ,174982968323305a-11, .243200896969272e-12,
.205365435941953a-13,0Q, »

.901881524921650e-15, ,4091316272489980-14, ,3121038400064660-13,
-, 158156505687454e-11, ,319793258891867e-13, .6891757037209840-14,
.872210185397922e-14,0. , «2132167434043400-12,
. 104486750789394e-11, ,2146468429231424-12, ,205521520153519e-13,

«448504605933250e~14,0,

1220443733549393-14, .?590360805074969—14 .6988105503123610-14,
.3197932588918693 13,=-,155250202161294e-11, ,442178224430381e~13,
»496892066000635¢—13, 0. , «115025703588455e-11,
«217517861076518e-12, ,353142413897738e—-13, _817588388870102e~14,
«D55173439937348e-14,0,

« 102809682969625e-14, ,B51708137606318e- 15, .213017652506502e~14,

+589175703720964e~-14, ,442178224430381e-13,~-,389770882580518e-12,
.56925248?39938[9—]5,0. , +225577476322775e-12,
. 3349273524654260-13, ,10176676225895%-13, ,398208555310054a0-14,
.4497099519658450-14,0,
+229463124769830e-14, .1662386503278409-14 .345271401024704a-14,
.8?22101853979223-14, .4968920660006250-13, ,969252487399393e-13,

-.400163175973121e-12,0, , .20261!506!99023&—12,
.416026686701273e~13, ,157381378112684a-13, ,75238228290582%e-14,
.9940751508460418-14,0,
0. ,0. ’O- ]

’7'6’5,413’211

11,12,13,13,
4,3,2,10M1
16

7
b
7
. 5,16, 17,18,4%19, 18,17,16,15,14,13,12,11,10,9, 24*8

,8

,7
+6,7,8,9,10,
0,9,8,7,6,5
,12,13,14,1
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*
»
. *rw

0
0
0
.0

o0

.533?08?52]434549—14, .782471783945788e-14,
«2132167434043419-12, ,115025703588456e-11,

«2026115061990240-12,0,
L773150105230467e-12, ,164149851625759%e-12,
«230631100712685e-13,0,

.461077857744352e- 14, . 20572627776217 30— 13
« 104486750789394e-11, ,217517861076520e-12,

.4160266867012796-13,0,

.325286630225]955-11, . 78009607299798 19— 12
.2032922696345480-13,0,

.2080650905651629—13, .2431806909314629—12

«2146468429231420-12, .3531424138977348-13

. 1573813781126828-13,0.
«7800960729979688~-12,-,4252809748637648-11

«101173705362127e=12,0,

»2760947464875%17a~ 12, .24?6222998435525-!1
.205521520153519a~13, ,8175883888700978-14,

. 152382282905821e-14,0,

. 1019187502427910~12, ,91769733714053%9e~12,
«1064126815493%91e-11,0,
».269757281926780e- IT, .273]974663300119—12

.4485046059332526-14, ,555173439937351a-14,

».994075150846041e-14,0,

«2032922696349366~13, ,101173705362126e-12,

=-.4224474718969720-11,0,

0. e
0. 0.
0. »0.
0. 20
0. » 0.
26

-.389778064571989e~12, ,4420972846115688-13,
L.2119546118484600-14, ,7914050627329440~15,

« 1772265540152530-15, ,115992773847457%e-15

.648341920170668e-16, ,214703955953971e-15,

. 52380750766964%e-15,0,

.299782464147756e-15, ,325397635325092e-15,
.8024152490495018-15, ,148356152931546e-14,

. 101277867147243e-13,
0. s
.442097284611575a~13,
.69764178676719%e-14,
»212289953504721e-15,
.654240833663419e~16,
.507817711471562e-15,
+310770796476513e~15,
. 1038639973335%6e-14,
« 352605003338606e~13,
0- ’
.6B8B8740181882835e-14,
+3120452974326190-13,
. 143149005598737e-15,
.231924643097586e~16,
.1515634422245268=-15,0
. 120070105610280e-15,
»793281676585303e-15,
.214519944530802e-12,
0. .
.,211954611848461e-14,
~.234736961930633a~11,
.461825380240976e-15,
. 3185170667341208-16,
. 1664049993996540-15,0

. 35347282358975%91e-13,

«5690899682578%910-13

155251110404431a-11,
. 152440125677255%e-14,
».128579105103462a=15,
L21011555188775%-15,
Ol
«3604613573664%7e~15,
+2261331413680290-14,
-217495781557584e-12,

’
!’
L4

.343711640941817a~13,
.2255774763227118a=-12,
-.283471197614769e-11,
.3515317795440038~13,

¥

+2147079675764300-12,
»3349273524654300e~15,
.773150105230467e-12,
.101918750242792a~12,

.174982968323505e-11,
. 10176676225895%a=13,
.164149851625755e~12,
.9176973371405468-12,

L3
L
L

.2432008969692700-12,
.398208555310057e-14,
.351531779544001e-13,
=-.515464866700936e-11,

»2053694399419518-13,
«349709951965850e-14,
.2306311007126848-13,
. 106412681549391e-11,

+0.
» 0.
50,
Joc

»

- ow oW

.6887401818828300—-14,
«324131802305035e-15,
.723368718199523e-16,
«22088597556067 1a~15,
.882761497016828e-15,
. 5220426655379518~15,
.3608664752912350e-14,
«225543847777800e-12,

»

»

«319744970478704a~13,
.4518776895930098~15,
. 7622835101996878-16,
.214703955937150e~15,
.871109992798873a-15,
«617456944782348e-15,
.7852794876011630~14,
.115021931240215e~11,

H

.496708633605%103e~13,

«319744970478702a~13,
.405880625749612e-14,
56466901107138138-16,
.6542408336034460~16,

.17141961239635186-15,
.287282730374455e-14,
.104485616300988e-11,

-, 158156753949225e~11,
«325259682875648e~15,
»318517066638534e-16,
»5483419202058358-16,
«280138573264785e-15,
.35661139843060%a-15,
.2039300851448128~13,
«213196705478605a=12,

’

8712190832662440-14,

H97641786767192e~14,
.3661991983399128-13,

L 1349771124775170-15

.762283510290631e-16,

-

.312045297432623a~13,
«33788693180879420-14,
.525970847176111e-16,
.123368718147253e-16,
, «337064906195873e~15,

»
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«1747284933315416-15, ,3003548372333720~15,
»2570689213620980-14, ,168807342514820e~13,
. 174976751741857e-11, ,274681196499622a~12,
. » »342845342188198e-~14,
2 791405062732953e~15, ,152440125677251a=14,
.366199198339910e~13,~-.310959751375647e-11,
.362911065191703e~-14, ,521758231599496e-15,
.64669011072472%a~16, ,1285791051058068-15,

o]

-26218534710359%e-15,

.362580451898741e-15,

. 1829408519153788-13,

»242840698182874e-12,
o

.324131802305039e-15,
.337886931887944e- 14,
.386417749590289e-13,
. 143149005598895e~15,
. 390828764082498e~15,
.802233126560722e~-15,
.253277461892958e~12,
. 168826050770611a=13,
o, ,
. 177226554015254a-15,
.461825380240967e-15,
-.311028560250797e~11,
.525259682878014e-15,
.684286504764888e~15,
.288787858908108e-14,
+247120396805913e-11,
.257195120835862e~14,
0. ,
.1159927738474588-15,
«1349771124775158~15,
. 3869005041995958-13,
,405880625749729a-14,
. 152452390551751a~14,
2042405525881 35013,
.2535196045253576-12,
,773412480354814e-15,
0. ,
. 723368718199535-16,
. 5259708471761098-16,
.337886931887702e~14,
.312045297432625a-13,
.3428453421889316~14,
.2146811964996260~-12,
. 168807342514645e-13,
.3003548372568308~15,
0. ,
.648341920170672e~-16,
.318517066734114e-16,
. 5252596828760 14e~15,
-, 158156753949225e~11,
.8712190832663608-14,
. 10448561630098%e-11,
.287282730376423e~14,
. 1714196125022766~15,
0- *
.214703955953973e-15,
. 762283510290631a~16,
.45187768959%628a-15,
.319744970478811a-13,
.4957086353603080e-13,
.217495781557658e~12,
.226133141370967e~14,
360461358101 160a-15,
0‘

r

0. s
«7734124803525420-15,
-253519604525357e-12,
»2042405525880320~13,

s +152452390551691e~14,

.451877689593009e-15,
. 386900504 19959113, -
.3629110651917000-14,
,212289953505599a-15,

0. ,
,257195120833077e-14,
.247120396805915e-11,
,2887878589062660-14,
.6842865047649835-15,
2122899535047 19e~15,
.3629110651917030~14,
. 386900504 199593e~13,
.4518776895936280-15,

0. ,

.168826050770423e-13,

+2532774618929580-12,

.8022331265594060~15,

.3908287640820530-15,

.128579105103460e-15,

.521758231599492a-15,

-.310959751375645e~11,
.1524401256772340-14,

0‘
,2428406981828846-12
. 1829408519153898-13,
.3625804518954120~15,
.2621853471063030~15,
.762283510199691e~16,
.1349771124773450-15,
.3661991983399280~13, -
.6976417867667800-14,

0. ,
.174976751741857e=11,
.257068921364679e~14,
.174728493307687e-15,
, 166404999385370e-15,
6542408336634230-16,
,5466901107247318-16,
.4058806257497260-14,
.3197449704768110~13,

0. ,
.214619944530808e-12,
.7932816765874216-15,
.120070105610587e~15,
.1515634422395700-15,
.210115551887756e~15,
.128579105105806e~15,
.1524401256772340-14,
-.1552511104044186~11,
0. ,

.3526050033380500~13,

.1038639973338808-14,

.310770796410808e-15,

,5078177114842220-15,

. 7172626801913193e-15,
+2428380480309808-12,
.343227010427485e-13,

.405880625749615e-14,
.38690050419958%e~13,
13497711247 7346e-15,
. 1159927738540230-15,
.581898532468057%e-15,
.292467862608074e-14,
247425872605754e~11,
.755139547977017e-14,

.525259682875651e-15,
.311028560250797e-11,
»46182538024087%e-15,
. 177226554016297e-15,
. 982925785938942e-15,
.182943178108605e=13,
.2535199047467310-12,
.2151675524450040~14,

. 1431490055987 380-15,
.3864177495902890-13,
.337886931887698e-14,
.3241318023049340-15,
.2151675524424590-14,
.2535199047467346~12,
. 182943178108619e-13,
.9829257859380960~15,

.646690110713813a-16,
.3629110651917030-14,
.3661991983399288-13,
,791405062733733e-15,
. 75951395479768050~14,
.247425872605757e-11,
29246 7862610862014,
.581898532499023e~15,

.3185170666385360-16,
.4618253802408790-15,
«2347369619306330~11,
«211954611849246e-14,
.343227010427051e-13,
»24283804803098%-12,
. 772626801915667e~15,
.337064906176041e~15,

.231924643097587e-16,
.143149005598895e-15,
.3120452974326270-13,
.688740181883347e~14,
«213196705478677e~12,
.203930085144848e-13,
«356611398442805e-15,
.280138573329388e-15,

.554240833603438e-16,
+212289953505598e~15,
5976417867667 5e~14,
.442097284611649e-13,
.115021931240204e~-11,
. 785279487601032e-14,
.617456944852727e-15,
.87110999280088%e-15,
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.220885975560669e-15,
.7233687181472538~16,
.324131802304934a-15,
.688740181883339¢~14,
. 569089968257992e~13,
.334728235897838e~13,
.1483561529318010-14,
.3253976352886460~15,

0.

.5238075076696566-15,
- 166404999399654e~15,
.6842865047648880-15,
«871219083266366e-14,

~.4001999325555608~12,
«4155735743618040~13,

.3047079677766149—14,
. 7389878256973500~15,

.8827614970168370~15,
. 3370649061958740—15,
«2151675524424600-14,
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- 730457919056574e-14,
«»497656265001775a=-13,
«1153%7212000047e-12,
«1097931322117158-12,
+A47354383766130378-13,
. 156287171412497a-12,

0'

0‘

,0.

¥

.2035%0452691411a-13,
. 164524749105185a~-13,
.29!3656822942019-13,
.519013243545095e-13,
«157757023743061e-12,
. 122913447590621e-12,
+7913601756300620~13,
«498655564648928a~13,

;0.
» 04 ’

Oa ’
0.
+41629316176337%- !3
.100810861755485e-13,
.30748?6988T554|e—13,
.83162785666955%~13,
»138470804796761e-12,
«333830909250158e~13,
.13477939694279%-12,
.1473700398789160~13,
2D
« 3836487456596 180e- 14

«275805571930153e-14, ,107008288482852¢-13,~,166004167179218e~11,
«151917028449162e-13, .184636540276354e-13, ,160936171843888e-13,
.13?6?48692?25789—13, .117459778434932e~13, .??03893245166369-!4,
LA673408581363270~14, ,434430176423018e~14, ,10713186545206%9a-14,
. 146474159305485e-14,0, 0. s
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0. Jol !Ol »
. 138879157429050e-13, .515406990895578e~13, ,660225329619991a-13,
L4632194533162470-15, ,268755726956658e-13, ,16563759147844%7e-13,
. 120463382722419e~13, .4841337880691681e-13, ,51702396492879%e-13,
.849437099259900e-13, ,110t361425550936~12, .151006770770821e-12,
.20888622376940%-12, ,269B560B86333214a-12, ,227914818096542e-12,
. 166264117035103e-12, ,170329599707635a=12, .435611779950630a~13,
.5999217804293060-13, ,9613431153343100~13, .155069487311650e-12,
. 177756982552780e-12, .611678835203648e~15, .1975309852246540-13,

a, + 0 +04

a, » 0. » .5201027557089579-!4
+3773560053577402Be- 14, .149249936871424e-13, .151917028449164e-13,

~.248329441071460e-11, ,2862950592858036-13, ,258084926397606e~13,
+2253256346735660—13, ,193944183075968e-15, ,1272350612231250-13,
.770389324516399a-14, ,712282393959327e-14, ,175094376377997a-14,
.238981265926068a~14,0, L0, .

0. 0. +0a

-1900847965721760-13, 446?24?635514979-15, «97032497265657 40~ !3,
.7017152805235%4 813, ,414012891321099%e=-15, .257535909582090e~13,
.18839934?4290848—!3, . 7661244889152730=13, ,8329693737210420-13,
. 139720836879299%e-12, ,192090556332038e~12, ,26496271183474%e-12,
.345276786033360e-12, ,3851923823354859-12, .295821328754373e-12,
.191995314909246e~12, ,179839520605134e-12, .438223029447913e-13,
.592210976083321e-13, ,928150573542754e-13, ,1474B24772915850-12,
. 175648869066447a=-12, ,664837598228741e-13, ,235941960667180e-13,
0. 20, 204
0. »0u p .59?4?2871!35887a-14,
4369096088?47309-]4, «1759045334756260=13, .184636540276355e~13,
.286295059285797e-13,-,530295303607131e-11, ,364571458560836e-13,
.331?532054050503—13, .2928556874863120-13, ,193944183075984e-13,
.117459778434914a=13, ,108261561081340a~13, ,2652831489354500-14,
.361574880780564e-14,0, »0, ’

0. 0. +0s
-199961075347172e-13, .4919840904268453-13, «112265473164708e- 12,
«8456012539912508-15, .510106084052023e~-15, .321095018641311ae-13,
.2566!00060428039-13, +975479395528415e~13, .1030179291090809—12,
.183771823835287a=12, ,264622044282521e-12, .3432373893451228-12,
.381226910056109e~-12, ,3449366889980%7e~12, ,242629346405650e~12,
. 14526464540465%90-12, ,130748105218298e~12, ,3144390627796660-13,
.4241241810172638~13, ,666156333830771e=-13, .107742379524445e-12,
. 136039533060755e~12, ,56021183143456%9e-13, .214987961819068e-13,

0. »Ca »0.

0. , 0. , .5022076302684813-!4
.36B87663716506870~ 14, »150078250139531e=13, .160936171843887e-13,
.258084926397602e=13%, .364571458560836e-13,-.330411822023050e-11,
.358801972953300e~-13, ,331753205403054e~13, .2253256346?35806-13,
137674869272570e-13, .127114797291725e-13, .31119726838323%—-14,
.4234481370025820-14,0, .0 ’
0. ’00 ’0. »
.214987961819031e-13, ,560211851434098e-13, ,136039533060735%e-12,
.1077423795244240-12, ,666156333830953e-13, ,424124181017263e-13,
.314439062779437e~-13, .130748105218319e=-12, .14526464540465%e-12,
.2426293464056460-12, ,344906688998097e-12, ,381226910056111e~12,
+343237389345119a~12, ,264622044282518e-12, ,183771823833286a-12,
. 108017929109077a-12, ,975479393528399%e-13, ,236610006042640e-13,
.321095018641291e-13, ,5101060840520250~13, ,8456012539916060-13,
1122654731646648-12, .491984090426B53a-13, .199961073447183e~13,
0. ,0. ,0. ]
0. +0. s »123448137002584e-14,
.3111972683832760-14, ,127114797291713e-13, ,137674869272578e-13,
«22532563467356ta~15, .331753205403052e~13, .358801972953298e-13,
-,3304118220230500~11, ,3645714585608200~13, ,2580849263976030-13,
. 160936171843872e-13, ,1500782501395408-13, ,368766371650601e~14,
.502207630268436e-14,0. 20 s
a. 0. »0a ’
.2359419606671708-13, ,564837598228692e-13, ,175648869066447e-12,
. 1474824772915B30-12, ,92B130573542750e-13, ,592210976083329e-13,
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,438223029447889a~13,
.2958213287543650-12,
.264962711834747e-12,
.832969373721013e-13,
.257535909582072e~13,
.9703249726569500~13,
0.
0 0

’01

. 1798395206051380-12,
-385192382335487e~12,
»192090556332037e-12,
»1661244088915435e-13,
.4140128913214890-13,
«4467247635515440~13,

+1919953149092468-12,
«M5276786033362¢-12,
.139720836879278e-12,
.188399847429513a-13,
.701715280522819¢-13,
. 1900847965722080-13,

S .3613748807805846-14,

»2652831489354800-14, ,1082615610813320~13,
. 193944183075966e-13, ,292855687486312e~13,
. 3645714585600240-13,-,350293303607151e-11,
. 184636540276343e-13, ,175904533475639a-13,
.397472871135865e~14,0,
0. 0. ,
. 1975309852244240~13, ,6116788352034060-13,

»155069487311667s~12,
«435611779950228e=13,
+2279148180965460~12,
« 1510067707708240~12,
«5170239645287938-13,
. 1656375914780540~13,
.6602253296200198-13,
C. ,0
0. .0
» 1750943763780330-14,

+9613431153341240-13,
«170329599707555e-12,
»269856086333212a-12,
.110136142555117e-12,
»3484133788069545e~13,
.26875572695627%¢-13,
»315406990896006a=13,

.7122823939593320~14

,1174597784349330-13,
.3317532054030560~13,
.286295059285803e-13,
.4369096088746220~14,

;00 *

. 177756982352800e-12,
.599921780429112e~13,
»166264117035105e-12,
«20888622376%94110-12,
.849437099260316e-13,
. 1204633827228420~13,
.4632194535166510-13,
.138879157428660e~13,

0. ’
. «238981265926110e~14,

«1703893245166310-14,

. 1272350612231250-13, ,193944183075%83e-13, .225325634673578s8-13,
«258084926397608s-13, ,2862950592858030~13,~,2483294410714608-11,
»1519170284491490-13, ,149249936871433e~153, ,377360053773929a-14,

,520102755708927e-14,0
- .0
. 147370039878901e-13,
.1347793969428050~12,
.3338309092500450-13,
.138470804796757a~12,
.831627856669542e-13,
.3074876988155050-13,
,100810861755853¢-13,
L 4162931617633226-13,
00 ,0

0

L4 ’O. »

.49865556464887 2015,
« 7913601756299620-13,
.122913447590611a-12,
. 157757023743057e-12,
.6190132435450668~13,
«2913656822937850~13,
.164524749104780a~13,
«2035904526910180~13,

«1562871714124340-12,
«4734383766131420~13,
1097931322117 13e-12,
«1153972120000470-12,
«A4976562650017542-13,
«7304579190528580~14,
.28655950585222%-13,
29158974862157300-14,

0 ,0. S 1464741593054600~14,

. 107131865452060e—14, .43443017642286%e-~14,
.7703893245164040-14, ,1174597784349142-13,
. 1609361718438730~13, ,184636540276342a-13,
-.166004167179218e-11, ,107008288482852=-13,

.3836487456961226-14,0, ,
0. ’0. ’
. 167465972382262a-13, ,620007253740128e-13,
. 1639187209564 18~12, ,B8813723146355428-13,

.3421569387544850-13,
,120800377288303a~12,
.722651702709875e-13,
+2836905560350470-13,
.9457115934714916-14,
.400643536649011a-13,
0. ,0
00 ,0
L 1001615462181 26e-14,
.712282393959317a-14,
. 150078250139538e—13,
. 1070082884828530~13, -
.412325131847402a-14,0
0- ,0
.479303520325955¢-14,
L466396788281181e-13,
. 8566271940287290-14,
.281068068235563e-13,
.171886397958667e~13,

. 119415737010563a-12,
»1378452548248230~12,
«9479406031629060-13,
«2711364973537468-13,
.154987657556153e~13,
»199308818187341a~13,

.4049843502839712-14,
.108261561081339e-13,
. 1759045334756410~13,
« 1659450456106042~-11,

- ¥

. 189174756123702a~13,
+233234953630774e~13,
«290298852958475e~13,
«325250265698603e-13,
.13185516965846%-13,

.467940858136327e-14,
.137674869272570e-13,
.151917028449150e-13,
.27580557 193006Z8~14,

« 2043635064161 14a-12,
«500640356065222e-13,
. 100000972518920e~12,
»9919231915588448-13,
.454068455768549e~13,
.583426088411779e-14,
«271996246892986e-13,
.910635048975187a-14,

0. *
. 1371519408912 19a~14,

.434430176423015e-14,
.127114797291724a-13,
.149249936871436a-13,
«2934057506664608-14,

- r

,632835825750674a-13,
«1278134714134948-13,
.235874863167277e-13,
+2336560094619208~13,
«1112558214200700~13,
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+.69973992514032%e-14, .672205462274681e-14, ,169980848541042e-14,

235588553997 199¢~14, ,38705491718166%e-14, .682330589496246e~14,

. 101340006902027a~13, ,50929053755045%-14, ,2348331035659454e-14,
0. 0. . 0.

0. +0. B .3402232359025069—15
.2482126554999699—15, .100161546218089a~14, ,107131865452070e-14,
. 175094376377997a=-14, ,265283148935448e-14, ,.311197268383239a~14,
.368?663?15506039—14, «436909608874619e-14, ,377360053773927a-14,
«275805571930062e-14, ,2934057506684580-14,~,431271414B2295%e-~12,
.110815172086777e-14,0, , 0.
0. ,Oo yoo ’
~713077971144470e~14, ,2918304200903268-13, .972396211745638e-13,

.673608992184815e~13,
.115894255326758e~13,
.372043255653365e~13,
«2314314405158310~13,
.958180975927657s~14,
.324098070693681e~14,
.140418177506148e=13,

323544456399450a-13,
.388460631206901a-13,
.4350609950497 18e~13,
.178497500287281a-13,
.922678874466241a-14,
.533091145643273e-14,
.?090762?60304529—14

+ 1743548241427t 70~ 13,
«312730342564746e~13,
+312983646323698a~13,
»151874625566077e~13,
.233668624363981e~14,
«941767142073678e~14,

.3283665214609%4e~14,

0.

: 0.
0. 0.

» .4665795393242729*!5
3402232359026249-15, «137151940891192e-14, ,146474159305485e~14,
«238981265926065a-14, ,36137488078055%~14, ,42344B137002576e~-14,

.502207630268441a~14, ,597472871135860e-14, ,520102755708930e~14,
«3836487456961272~-14, ,41232513184739%e-14, .110815172086777e-14,

-.603299872156534e-12,0, » 0 ,
0, »0. 50 ,
0. 0. +0s s
0. +0a »0. s
0. 0. »0e ’
OI 90‘ ’0. ’
C. ,Oo ’0- r
0. 2O , 04 ’
0. . 0. .0 ’
0. ,O. ,0. ’
0. s 20 ,
0. , 0. 0. ’
C. +0 ,0. ’
0. 20, +C. ’
0. ,O. rot ?
Oc ,0. ,0. »
0. + 0 .0 '
0. ,0. ,0. ]
0. ,0. ,0. ]
0. ,0, .0, ,
Q. ,0. ,0- ]
0- ,00 10- *
0. .0. ;0- »
0- ,0. ,Ol »
O. ,O. ;Oo ¥
0. + 0. , 0. ’
0. 20, .0, ’
0. 20 ,0. ’
D. 0. .0 '
00 ,0. !0. r
Q. ,0. ,0- »
0. , 04 + 0. B
0. 0. 04 ’
0- ,0- ’0. »
Q. poo :0- ’
0. + 0 , 0. P
0. + 0. y0. ’
C. 0. 304 ’
0, »0. ,0. '
0. ,0. ;00 »
0. ,0. ,On ]
0. ,0. ,0, ,
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0. +0.
0. 0.
0. .0,
c, ,0.
Ol 109
0. lol
0. 0.
0. 20
0. » 0.
0| !00
0. +0.
0. roo
0. 0.
0. 0.
0. +0.
0. JOO
0. » 04
Oe .0,
O.. ;Ov
0. +04
0. ’0.
0. ’0'
0. +0,.
0. pOa
0. ]OI
0. »0,
0- ,0-
0. 0.
0. 0.
0- ;0-
0. !Ol
0. ;Oo
0. ’0.
0. »0.
O +04
a. +0.
0. !Ol
O- ’O.
0. s0.
0. , 0.
1/radp/iregs
0

i/radp/jregs

0

1/radp/kregs

4
0,806,0,9,2,6,14,23,23,28
0.2,0.9.2.8.12,12,23,28
0.2,0.9,2,8,25,25,2%,128
0.2,0.9,8,8,13,24,2%,28
1/radr/notes
2

agns does not use the

radr radiation model!
1/radr/h

0

V/radr/lreg

0

1/radr/1t4

0

1/reba

20,0,0

1/hydro
t.0,0,2¢-7,0,0,5,1,0,-0,05
0,0,10-3,0.4

0,0,1,0
1013250,0,440,0,0.802195-5
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0,0,-0.906308,-0,422618
0,6080-4,0,48-6

1/hydro/mon [ tor/mx

Q

0,0,0

1/hydro/monttor/my

0

0,0,0

1/hydro/monltor/mz

0

0,0,0

t/hydro/specs vis boundary

1
0.1¢-19,1,0,1,0,2,0,35,0,2,0,27.0,
14*0,0

1/hydro/specs vis inside

3
0,1e+10,2,0,8
0,1e+10,2,0,8
0,12+10,8,0,8
1/propm
1,0e+4
1/propm/ax

0

* 0w

=1,0,6%0
1/propm/ay
0

-1,0,6%0
1/propm/az
o]

-1.0,6%0
1/propm/axi
0

0,227,10,10,10,27,2,2,
~1,0,6%0

1/propm/ayi

0

0.227,2,10,9,9,2,2,
0.227,2,10,27,27,2,2,
-1,0,6%0

1/propm/azi

0

0.1e-6,2,10,10,11,2,2,
0,16-6,2,10,26,27,2,2,
0.1e=6,9,10,12,25,2,2
-1.0,6%0

1/propm/por

o]

0.580,2,6,14,23,2,23,
0.10-4,2,8,12,12,3,23,
0,le~4,2,8,25,25,3,23,
0.10-4,8,8,13,24,3,23,
-1,0,6%0

1/propm/permx

4]

0.0065,2,6,14,23,2,23,
-1,0,6%0

1/propm/permy

0

0.0065,2,6,14,23,2,23,
-1.0,6*Q

1 /propm/parmz

[H

0.015,2,6,14,23,2,23,
~-1.0,6%0

1/pdg

0.8,0,5-5
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,25,25,
,14,25,25,
»1,26,35,

17,1,8,8,26,31,

»2
»2
013!2!

10

"

1
11,12,1,14,2,
12,15,2,

0,1e-20,0.,1e-20,0,1e-20
2

1/rebq/krid
18,0,9,13,26,30

1 /rebq/kbid
12,0,9,18,24,27

1/rebq/Joid

1/piter/norder
45

3
0.1e=7,1.3,4,0

1/rebq

2,0
13,14,1,16,2,

14,15,1,17,2,

15,18,2,
16,17,1,

17,18,1
1/rebg/jrid

0.0,1.0,1.0

1/piter
3,4,1,0
1/pltes
1,11

8,25

A& mom om oEom ok om o

_..4.|r.f23.4561rag
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1/rebg/irid
24
1,2,2,11,2,2,
2,2,12,12,2,2,

15,2,13,18,15,25,
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/rebg/ibid

99

— 000 =) Oh A B AW R —

12,18,3,
15,14,2,19,3,
14,15,2,20,3,
19,16,2,21,3,
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

| favg
0.0,991914,9
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APPENDIX C

HYDRA-IT INPUT FILE FOR THE CASTOR-1€ SPENT FUEL
TEST -- HELTUM BACKFILL, VERTICAL ORIENTATION CASE

1/main
-

so they chop and change, and sach fresh move
Is Inly a fresh mistake,
robert service

input for castor-1c 2/1/85

source 1s h21c, input fite [s inh2icd

1/2 symmetry, vertlcal, ha, wrgssn pwr, case 4
5,4,1

main/print arrays or info
0,0/pt!l
0,0/ptsi

+O/pdpf

0.0,0/ppt

Y/grid

2.0,17,17,3,33

1/grid/ieend

1,17,31%18,17, 1

1/grld/ jebeg

17%2,3

1/grid/ jeend

17%34,33

1/grid/imend

16,33*18,16

1/grid/ jmbag

1B*2

1/grld/ jmend

18%34

1/grid/icart
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,31%19,
18,17,16,15,14,153,12,11,10,9,8,7,6,5,4,3,2
1/fqrid/ jeart
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
1/grid/isend

C.l



32%7

1/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

t/grid/dy
1,0,1,3,2%1,5,3,0,4,0,3,0,1,5,3%1,0,1,5,
3.0,4,0,5,0,1,5,3%Y,0,1,5,5%,0,4.0,3.0,1.5,
341,0,1,5,3.0,4.0,3.0,2%1,5,1.3, 1.0

1/grid/dz
1,0,20.0,18.5,4,0,5,0,13,0,12,5,15,0,17,5,20.0,
25,0,27.5,29.0,30.0,29,0,27.5,25.0,22.5,20,0,17
19,0,2%12,5,9.0,18,0,16.5,13.0,1.0

1/grid/dr
46,183222+%,2,3167779,5.5,7.65,12,5,15,1,8.,0, 1.0
1/prop
=1,=1,-1,-1,-1,-1,0
1,0,172,0,0,0,0.14,0.333
0.0,0,0,0.0,0.0,0.0
t/prop/cconl,cecont,ccon’d
10

{ow conductivity
0,1e-20,0.0,0,0

high conductivity
0.1a+20,0,0,0,0

helium {backfll}i gas}
0.52e-3,0,32e-5,0,0

sst
0.09215,0,1465e-3,0.0
boren steel (radionox)
0.079,0,21e-3,0,0
nodular cast ifron
0.5162,-0,320%e-3,0,0
apoxy

0,15e-2,0.0,0,0

nitrogen
0,075%e-3,0,6157a=-6,0.0
concrete

0,017,0.0,0.0

air {not used)
0,6880a-4,0,6340e-6,0,0

Y/prop/spacs def, 01 isotropic and 1) paratlel
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
t/prop/spacs def, 2! series
8
14.0,4,0,2,0,0,0,0,0,0,0,
15,90,3,0,2,0,0.4,0,25,0.0,
16.0,7.0,4,0,0,0,0.0,0,0,
17.0,6,0,0,6,0,2,0,2,1,0,
18,0,4.0,7,0,0,0,0,0,0,0,
1%,0,7,0,56,0,0,0,0,0,0.0,
20,0,1,0,1,0,0,2,1,0,0.5,
2t.0,%.0,20,0,0,0,0,0,0,0,
52%0.,0

1/prop/spacs def, 31 fuel assembly
2
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C.3

6,12,16,7,26,1,31,22,

20,24,7,26,1,31,23,
6,20,24,7,26,1,31,23,

,28,32,7,26,1,31,23,

)1
8,
)1
8

12,16,4,8,7,26,1,31,22,
»
2
r
2
»

4,8,12,16,7,26,1,31,22,

1
4
1
4



12,16,28,32,7,26,1,31,253,
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
2,18,2,34,30,30,2,45,17,43,19,
2,18,2,34,31,31,4,11,10,153,10,23,18,51,20,
2%)

1/therm

0.5,5.234,0,5

1,0,50,20

1/therm/monitor/+

o]

0,0,0

/therm/q walghting factor

1.0,4,8,4,8,

1/tharm/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,
B77.%,12,16,20,24,
877.1,4,8,28,32,
714,65,12,16,28, 32,

0.0,4%0

1/therm/ralact
5%*0,0,0.,16,0,5,0,69,0,81,0.9
1.22,1.15, l 14,1,01,0,88,0,7
l}fherm/pqgen

1,1.0,1,12,1,17,1,27,1.24,
5,0.57 0 35,0,15,0.03,5%0,0
1/tharm/tcen

Q,18.0
310,0,320,0,340,0,360,0, 380,0,4
470,0,490,0,510.0,5%520.0,510,0
470.,0,460,0,450,0,420,0,390,0,53
t/tharm/ts1

a,0

2080%299,0

1/fherm/delta

0

2,18,2,34

2%10.0,25%20.0,3%0,0

1/rebt

0.1e+6,6, 1

V/props
-1,-1,-1,-
1.0,172,0
0,0,0.0,0
1,0,8.0,0
1/props/c
9

'ow conductivity
0.1e~-20,0.0,0,0

high conductivity
0,1e+20,0,0,0,0

55t
0,09215,0,1465e-3,0.0
nodular cast {ron
0,5162,-0.3205%e-3,0.0

hw

1,-1,-1,0
,0.0,0,14,0.333
.0,0.0,0,0
.0,0,75,0.25
conQ,cconl,ccon3

C.4



5,3,3,41,21,

t/props/spacs def, 01 isotropic amd 11 paratle!
I/props/index

0.075e-3,0,61672~6,0,0
1/props/specs def, 2% series

air
0,688a-4,0,634e-6,0,0

0.520-3,0,32¢~5,0,0
concrate

0,15¢-2,0,0,0.0
nitrogen

hallum
0.017,0.0,0,0

epoxy

— N R D D DY

3,43,22,43,23,
3,41,24,43,24,
3,%,14,5t,26,
3,51,26,

,1,53,27,

1/*side/manitor/ts

0,299,0,1.0
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0

0,0,0
1/tsido/delta
0

30%10,0
1/radec

0
1/radc/index
32

w ®m w ow oW owm

21,1,15,7,
21,1,15,8,
21,1,15,8,
21,1,15,9,
21,1,15,9,
21,1,15,9,
21,1,15,9,1
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

21,1,1'8,11,22,3

21,1,19,12,23,4

21,1,19,13,24,4

21,1,19,1%,25,4

21,1,19,12,26,4

1/radc/kecel
21,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,2%,22,23,24,25,26
1/radc/lcell

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

15,7710, 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,%,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/ jcall

16,7%10,9,748,9

16,7%10, 11,7442, 11

16, 7*16, 17,7816, 17

16,7%18,19,7%20, 19

16,7%26,25,7%24,25

t6,7%26,27,7%28,27
16,17,16,15,14,13,12,11,10,%1,12,13,14,15,16,17,18
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

MNMNRNRRMRMNRN NN
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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%3,9

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/rade/h

16

.193191864301345e~11, ,208334949055009e~12, ,7357882925085166~13,
.183091663320769e-13, ,549248059129638e~14, ,3805278218722020-14,
.5482164467566040-14, ,1539452813189890-13,0,
~9348056147624736-14, .1716573890638060=13, .608203635439847a-13,
<255712958647900e-12, ,751184457792188e-12,0, ,
.507289671867890e-12,

.208334949055008e-12,-.32146455549780%-11, ,108133860258912e-12,
230805152406 104e~13, ,464988828145437e~14, ,2736020224124200-14,
.38052782787220%-14, ,1036387396178020-13,0,
.7425854603067880-14, .173857969448741a-13, .B880019561385129~13,
.769912876284298e-12, .1714067209562870~-11,0. ,
.256742856143859a-12,

. 7357882925085240-13, ,108133860258912a~12,-,64890436684749%-11,
.119457601551299e-12, ,158267127165762e-13, ,4649888281454850~14,
.549248059129734e~14, . 1336509080049948-13,0,
1551583915637520-13, .6226496967213236-13, .897274574099901a-12,
.432274977780757e-11, ,743738390128852e-12,0. A
. 1069956541592980-12,

.183091663320771e-13, ,230805152406107e~13, .119457601551299=12,
.860295249489849e-11, ,119457601551304e-12, .230505152406133e—13,
. 183091663320912e-13, ,357010054530797e-13,0,
~81007069477664 16-13, .897031121550831e~12, .625577953568733a~11,
,897031121550805e-12, ,810070694776540e-13,0, ,
3570100545307 12e-13,

.5492480591296430-14, ,4649888281454420~14, ,158267127165763e~13,
. 1194576015513030-12, -,64B904366847499a-11, , 1081338602589126-12,
. 7357882925085600~13, , 106995654 159295a~12,0,

S 743738300128842-12, .432274977780757e-11, .B8972745740999206-12,
.6226496967213230~13, ,155158391563746e~13,0, ,
. 1336509080049900~13,

.380527827872199a-14, ,273602022412419e-14, ,464988828145482a-14,
.230805152406183e~13, ,108133860258912a~-12,-,321464593497809e~11,
.2083349490550060-12, ,25674285614385%e-12,0, ,
.171406720556287a-11, ,7699128762842820-12, ,880019561385561a~13,
. 173857969448753e-13, ,742585460506803e-14,0, ,
, 1036887356 17802e~13,

.5482164467566040-14, ,380527827872209e-14, ,54924B059129731e-14,
.183091663320911e~13, ,735788292508560a~13, ,208334949055008e-12,
S1931918643013450-11, ,507289671867887e~12,0,
-7511844577921970-12, .255712958647922e-12, .6082036354406550-13,
. 1716573859063829-13, ,234805614762503a-14,0, )
. 15394528131898%0~13,

.15394528131898%-13, ,103688739617802e-13, ,1336509080049946-13,
.357010054530757e-13, ,1069956541592960=12, ,256742856143859e~12,
. 507289671867890e=12,~,202633117430722-11, 0,

. 5667446869360190-12, .303985221692293e-12, .103293206102256e~12,
.379406769464589e—13, .2428010096438480-13,0, ,
.44229601147582%9e—13,

C.7



0. 1011 10- *
0' 30. ,0l r
0. poo :Oa ’
0. , 0. .0, .
0. s0. :0a ,
0. s

«334805614762473%e-14, ,742585460306788a~-14, ,155158391563751a~13,
L8100706947766410-13, ,743738390128842e-12, .171406720956287%e~11,
.75118445779219%e-12, .5667446869360099-!2 O
=.541004201676627a-11, 119130702226467e—ll, .2465382407194929-12
LA17525973050891e—-13, ,1713249170990022~-13,0. »
«2428010096438468-13,
. 171657389063805e-13, ,173857969448742e~13, ,622649696721327%e-13,
«B97031121550827e-12, ,432274977780757a~11, .769912876284288e-12,
.2357129586479260~12, ,3039852216922936-12,0,
. 1191307022264670-11,-,969842360143486a~ ll, .15?9216810562169—11
.201998033052261e~12, ,4175259730308818-13,0, »
. 373406769464581a-13,
.608203635439851a-13, ,BB0019561385133e-13, ,897274574099%01a~12,
«5625577953568733e-11, .897274574099920a-12, ,8800195613855650~13,
.608203635440655~13, ,1032932061022566~-12,0.
«246538240719490a~12, 15?92!6810362169-]l,-.l220406983?6201e-10
. 15792168103620%-11, .246538240719437e~12,0, y
. 1032932061022280~12,
»255712958647900e~12, .7699128762842926-12, .432274977780754a~11,
«.8970311215508020~12, .6226496967213230~-13, .1738579694487540-13,
. 17165738906382%0-13, ,37940676946458%0-13,0,
.417525973030895e-15, ,201998033052261a- 12, . 1579216810362108- IT
-.9698423601434860-11, ,119130702226468e-11,0, ’
.303985221692277e-12,
»7511844577921940~12, .1714067209562870-11, ,74373B3%90128852e-12,
»8100706947765400-13, ,155158391563745e-13, ,7425854603068038-14,
»3348056147625030~14, .2428010096438473-15 0.
«171324917099G030~13, ,417525973030883e~ 13, .2465382407194350- 12
« 1191307022264670-11,-,5410042016766270~11,0, ’
«9667446869360090~12,

0o o0
-

% owm W ow

(=T N R e ]
.

r
[
!’
¥
s

- W w w

[ o N e R I

.507289671867890e-12, ,256742856143861s-12, ,106995654159298e~-12,
3570100545307 12613, ,133650908004990e~13, ,10368873%96178020-13,
« 1539452813189%1e-13, .4422960114758299—15 Oa
«242801009643847e-13, ,379406769464583e-13, ,1032932061022280- 12
.303985221692275a-12, .5667446869350!53-12 0. ’

-,202633117430722e~11,

15

-.193188343167425e-11, ,208359923104006e-12, ,7361645219061160-13,

. 1843516294885530~13, ,601769194928280e~-14, ,5655029526738468-14,

. 14027014515194%e-13,0, .1]75558921415636—15,
. 1843036763581870~ 15, .6114855852523960— ?5, .255810667881665e-12,
»751240904699352e-12, 0, .507388069483237e-12,
2083599251040089-?2,-.3214628309547269-1l .1081600456715341e-12,
»2316669743583540~13, ,500234305775867e-14, ,395907926194838e-14,
.95726569863268%9e-14,0, »9040840581100170-14,
. 182382555030407e-13, 882272749?891019-!3 .769981212303294e-12,
L1714710713161114e-11,0, «256812848010057e-12,

. 136164521906124e-13, ,108160046713243e- 12 -.648900629666057s-11,
. 119574161548741e~12, ,1627401923993750~13, .6121597795492320-14,

» 129960973882287e-13,0, . 1756B40637069730=13,
«56336381528972040-13, .8975829836515829*]2 »432284871523266e-11,
« 1437980627951520-12,0, L1071019384444160-12,

. 1843516294885550-13, .2316669743583560- 13, L1195741615487410=12,
-.8602517040588959-11 . 12060944 56620420~12, .26475544?594?206—!5,
.3881620012396439—!3,0. » +86299082553218Be-13,

C.8



.899944851982642e-12, ,6254684480503840~11, ,897545986920372e-12,
»81205000335709%e-13,0. .360604250814402%9~-13,
.6017691949282808e- 14, .500234305?758?03-14 . 1627401923993740-13,
. 1206094456620410-12,-,648579525935418e-11, ,1154054227195208-12,
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0.28,4,4,4,32,3,3

1/propm/ax
1/propm/ay
Q

-1.0,6%0
1/propm/az
1/propm/ax?
0

0
-1,0,6%0

-1,0,6%0
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0.1e+5,1%,15, 14,1
0.10+5,14,14,13,1
0. te+5,5,7,22,22,
0,10+5,6,6,21,23,
0.1e+5,13,15,22,2
0. 1e45,14,14,21,2
0.1e+5,5,7,30,30,
0. 1e+5,6,6,29, 31,



0,1e+5,13,15,30,30,2,2,
0.1e+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

4]

0.29,2,17,3,33,
0,16+45,5,7,6,6,
0.10+5,6,6,5,7,
0.1e+5,13,15,6,
0.1e+5,14, 14,5,
0.1e+5,5,7,14,1
0,18+5,6,6,13,1
0.1e+5,13,15,14,
0,1e+5,14,14,13,
0,18+5,5,7,22,22,
0,16+5,6,6,21,253,
0. 1e+5,13,15,22,2
0.10+5,14,14,21,2
0. 1a+5.5,7,30, 30,
0.10+5,6.6.29,31,
0,1e+5,13,15,30,3
0,1e+5,14,14,29,31,
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,

2
2
2
6
7
4
5
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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

1/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,
0.010%,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,
0.1e+5,10,10,4,32,4,24,
O.le+5,3,16,10,10,4,24,
C.le+5,3,16,18,18,4,24,
0.1e+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/p1tar/norder

3

3,4,1,0

1/plles

0.20-8,1.3,4,0

1/rebg

2,0

1,1,1
0.1e-20,0.1e-20,0,1a-20
1/rabq/krid

20

1,3,2,9,2,9,
2,2,10,10,2,7,

10,10,8,9,
2, ?2 IO 10,
13, IB 10 10,
2, 9 11 1?
10 TO 11,1?,
1£,18,11,17,
,2,12,18,18,

, 13,18, 18 18
’2,0,19,25,

' 10,10, 19, 25,
12,2.11,18,19,25,
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/kbld



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
1/rebg/jrid
0
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12,13,1,15,3,
13,14,1,16,3,
14,17, 3,
15,16,1,18,3,
16,17,1,18,3,
17,20,3,
18,19,1,
19,20, 1
1/rebg/irid
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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,
18,2,18,18,13,15,
19,2,19,26,13,19,
20,1,27,34,13,19,
21,2,2,9,20,25,
22,2,10,17,20,25,
23,2,198,18,20,25,
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/rebg/ibld

1/avg
0,0,0.75e+6

C.19
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APPENDIX D

HYDRA-IT INPUT FILE FOR THE CASTOR-V/21 SPENT FUEL TEST-~
VACUUM, VERTICAL ORIENTATION CASE

1/main
15
offlcial classitication of this report Is
unclassified although the markings have not
beon removed from each page. authorized by
s. @. gydesen, pnl classiflcation officer and
b. j. merrll}, manager, security on 10/3/85,
markings removed by r. a. mccann

date

50 they chop and change, and each fresh move
is Inly a frash mistake,
robart service

fnput for castor=v/21 11/14/85

source {s h2v, input file Is I1nh2v8

1/2 symmotry, wvart,, vac,, n, 27,%4kw, case 8
6,41

1,1,100

0,0,01
0.0
1
r

int plane options

(S}
8]

DOONOOO O =T OO =™

n/print arrays or info
/ptl

/ptsi

qbnd

/pai

/parad

/ptst

/pt

/pts

/pmx

LI T
5

3

/pmz
/pdpf
O/ppf

T W m m oW owwowow ow uwow

,9,9,17,32

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/grid/]ebeg
9%2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17

1/grid/ jesnd

9%47,46,45,44 ,43,42,41,40,39,38,37,36,35,34,33,32
1/arid/imand
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/]mbeg

e BN e T e () ot et i (T b (3 [ o BT et B o () (D

D.l



10%2,3,4,5,6,7,8,9,10,11,12,15, 14,15, 16
1/grid/jmend
10*47,46,45,44,43,42,41,40,39,38,37, 36, 35,34, 33
1/grid/icart

2,%,4,5,6,7,8,9,
10,11,12,15,14,15,16,17,18,19,20,21,22,23,24,16%25,
24,25,22,21,20,19,18,17,16,15,14,13,12,11,10,
9,8,7,6,5,4,3,2

1/grid/)cart
8%1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22,23,24,25,26,27,28,29,30,31,52,33,34,35,36,
37,38,39,40,41,42,43,44,45,46,47,8%48

1/grid/isend

31*7

1/grid/dx
1.90,5.0,0.5,5,9,2,0,4,02422514,1,0,3,97577486,1,0,
2%8,51211257,1.0,3,97977486,1,0,2,59636862, 1,0,
6,93008731,0,8619833,2,10139183,0,75996222,2,77441184,
0.63974744,4,61506347,3,31733259,1,0

/grid/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,
3,97577486,1,0,4,02422514,2,0,5,5,0,9,2%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

1/qrid/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,
17.5,15,0,12,5,9,5,9,0,9.0,6.5,5.9,23.9,9.3,1,0
1/grid/dr

75.2,1,0,10,0,3.2,2"10,0,4,8,1,0

1/prap

-1,-1,=1,~1,-1,=1,0

1,0,220,0,0.0,0,74,0.333

1,0,220,0,0,0,0,27,0,25

1/prop/cconl,ccont,ceconld

9

low conductlyity

0,1e-20,0.0,0,0

high conductivity

0, 1e+20,0,0,0.0

nltrogen (backfli! gas)

0.0750-3,0,61672-6,0,0

sst

0.09215,0.146%-3,0,0

boron steal (radionox}

0.079,0,21e-3,0,0

nodular cast iron

0.5162,-0,3205e-3,0,0

epoxy (not used)

0.15¢-2,0,0,0.0

hallum {(not used)

0.52e-3,0,32e-5,0,0

alr (not used}

0,6880e-4,0,6340e-6,0,0

I /prop/specs def, O isotropic and 11 paraliel

D.2



1/prop/spacs def, 21 serles
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Br12)4)415’26r3

8,12,45,45,5,26,
22,22,14,18,5,26
22,22,31,35,5,26
6,12,14,14,5,26

6,12,35,35,5,26

12,12,15,20,5,
12,12,29,34,5,
7,24,19,19,5,2
7,24,30,30,5,2
7,7,2,18,5,26,1
7,7,31,47,5,26,
12,12,5,13,5,26
12,12, 36,44,5,2
13,21,14,14,5,2
13,21,13,13,5,2
13,21,35,35,5,2
2,5,11,11,4,27,

2,5,38,38,4,27,

55111]526
5,9,38,38,5,26,
]515212152
1515282852
3,5,11,11,5,26,
333838526
1515232352
1515262652
820,5,
9,31,5,
3
6

»3, 17,

9,6,25,1,31,45
16,6,25,1,31,45,
,217,6,25,1,31,45,
,36,6,25,1,31,45,
,47,6,25,1,31,45,
,13,6,25,1,31,45,
15 18,6, 25 1 31, 45
1 31,34,6,25,1,31,45,
8,11,36,44,6,25,],31,45,
10,15,22,27,6,25,1,31,45,
17,24,22,27,6,25,1,31,45,
13,21,15,18,6,25,1,31,45,
1%,21,51,34,6,25,1,31,45,
,2,9,5,5,5,11,24,13,24,3,2,23,34,23, 35,

n DA N LN O

5,11,24,13,24,3%,2,23,34,23,35,
5,11,24,13,24,3,2,23,34,23, 35,
5,11,24,13,24,3,2,23,34,23,35,
5,11,24,13%,24,3,2,23%,34,23,35,

D.4



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,
a8,11,36,44,5,5,5,11,24,153,24,3,2,23,34,23,35,
10,13,22,27,5,5,5,11,24,13,24,3,2,2%, 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 16,26,26,5,11,25,1%,25,3,2,23, 36, 2%, 37,
2.8.22.27.26,26.5.11,25,13.25,3.2.23. 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,%,2,25, 36, 23, 37,
8,11,31,34,26,26,5,11,25,13,25,3,2,23, 36,23, 37,
8.11,36,84,26,26.5, 11,2513, 25,52, 25, 36,25, 37,
10,13,22,27,26,26,5,11,25,15,25,3,2,23, 36,23, 37,
17,24,22,27,26,26,5,11,25,1%,25,3%,2,23, 36,23, 37,
13,21,15,18,26,26,5,11,25,13,25,3,2,23,36,25,37,
13,21,31,34,26,26,5,11,25,13,25,3,2,25,36,23,37,
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,%,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,

2.4.30.39.5.26. 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,
B.11,18,18.5.26,1,42,40,
8,11,30,%0,5,26.1,42,41,
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,%1,31,34,5,26,1,41,40,
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,
15,21,30,30,5,26,1,42,41,
15,21,34,34,5,26,1,42,40,
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 /tharm

0.5,1,053,0,5

1.0,100,50
V/therm/monitor/t

12

2,24,7

2,241

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

0,0,0

1/therm/q waighting factor
1,0,2,4,2,9

,15,21,31,34
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
$89,0,8,11,31,34
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/ralact
4*0,0,0,5,0.72,0,94,1,12,1,19,1,25,5%1,24,
1,23,1,21,1.16,1,03,0,83%,0,61,0,44,0,26,6%0,0
1/therm/pagen
.0
i/tharm/tcen
0,24,5
380.0,385.0,3959.0,410,0,430,0,470,0,505,0,545,0,575.0,
610,0,640,0,660,0,5%73,0,655,0,635,0,600.0,570.0,
535.,0,510,0,475,0,445,0,415,0,395,0, 385,0,380.0
Y/therm/ts)
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0,0

(2%298,0, 1798%373,0,62%293,0
1/therm/dalta

0

2,18,2,34

29*%0,.0

1/rebt

1.0a+5,12,1

1/props
~1,-1,-1,~-
1.0,220,0,
1.0,220,0,
1,0,3.5,0,
Y/props/cco
8

low conductivity

0.18-20,0,0,0,0

high conductivity

0,1e+20,0,0,0.0

nltrogen (backfil) gas)

0,075e~3,0,6167e-6,0,0

55t

0,09215,0,14650-3,0,0

nodular cast iron

0,5162,-0,3205e-3,0,0

atlr

0.6880-4,0,6340-6,0,0

apoxy (not used)

0.15e-2,0,0,0,0

halium {not used)

0.5%-3,0,32e-5,0,0

1 /props/spacs def. 01 Isotroplc and 1t parallel

1,-1,-1,0
0.0,0,14,0,333
0,0,0.,27,0,25
0,0,45,0,25

on

0
0
0
0 1,ccon3

» ’
.0,0
- 0.
, 0,45
n0,cc

g

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 serles
14}
2000)3l010‘13002!0.2510.51
21,0,%.,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,
2500;6-010-1)0l2s0‘25’0-51
26,0,1.0,1.0,0,3,1.0,0.5,
2?7.0,1,0,1,0,0,96,1.0,0,5,
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

1,1,2,63,2,50,1,1,1,
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1/tside
0,298,0,0,5
1/tside/monitor/ts
4

7,63,6
7,63,15
7,63,18
7,63,26

0,0,0
1/tslida/del ta
8]

29*%3,0

1/rade

4]
l/radc/indax
18

~ =l h A h

22,1,10,9,

22,1,10,9,15,7

22,1,10,8,16,7

22,1,27,10,17,8

22,1,27,10,18,8

\/radc/keall

22,5,6,7,8,9,16,11,12,13,14,15,16,17,18,19,20,21,22,25,24,25,26

1/radc/lcell

12,2,3,4,3%5,4,3,2,3¥%|

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

27,13,14,15,16,17,18,19,20,2%,21,20,19,18,17,16,15,14,13,9%12

t/rade/ jcall

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%10,11,3012,11

8,339, 33,3437 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
26,1,2,3,4,5,6,7,8,9,10,11,12,13,14,13,12,11,10,9,8,7,6,5,4,3,2
26,20,12%19,20,12%21
26,29, 12%30,29, 12723
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%3,3,2
10,18,17,16,15,15,16,17,18,19,19
10,31,32,33,34,34,33,52,31,30,30
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
27,44,4%,42,41,40,39,38,37,36,5%35,36,37,38,39,40,41,42,43,44
O/rade/h
12

~.967992423084620e-11, ,144545280611220e-12, .1445931598432630~11,

.133721620597627e~11, ,389548549669991e-12, ,154380651783190e~11,
+ 2134809654091 58e~11, ,230612866749674e-12, ,245345355748301e-11,
0. , 0. .0, s
. 144545280611221e-12,-,112005588613371e-11, ,145114180107132e-12,
. 1402653498517778~12, ,415585794368260a-13, ,158065316055406e~12,
.236030481944205e~12, ,238408757658562e-13, ,230635822361273e-12,
Oo ,0. pa r
» 1445931598432630-11, .145114180107131e-12,~,108314180956411e-10,
.2234484810964040-11, ,436015483685137e~12, ,152690761027124e-11,
«267210659730428a-11, .236019678319556e~12, ,213483813655713e-11,
0- ,00 Pt ] ¥
. 1337216205976280=-11, ,140265349851777e=12, ,223448481096404a-11,
-,B04166888540504a~11, ,23606721928288%e-12, .9061193422261068~12,
. 150656347927900a~11, ,156049296512796e-12, ,152490318131222e-11,
0. ’ou .0' 1
. 38954B5496699952~12, ,4155857943682620-13, ,436015483685141e-12,
»236067219282891e~12,~-,2207840850758260-11, ,238802877733071a-12,
.4343839530421356~12, ,415548020670205e-13, .389909385841205e-12,

0- 100 lol ¥
. 154380651783191e=11, ,158065316055405e=12, ,152690761027126e~11,
L906119342226099a~12, ,2368802877733070e~12,~-,8128343820468808~-11,
.2256414980236460~11, ,142280625220507e~12, ,135594655083405e-11,
Oa )00 rO- ¥
.213480965409158a~11, ,236030481944201e=12, ,2672106597304286~11,
. 150656347927900e~11, ,434383953042134e-12, ,225641498023646e-11,
-.108318769033387e~10, ,145123763252704e-12, ,144644393418830e-11,
a. ,0. » 0. »

.230612866749678e~12, ,238408757658560e-13, ,2360196783195580-12,

.1560492965127988~12, ,41554802067020%e-13, ,142280625220508s8-12,

. 1451237632527040~12,-,112005839117282e~11, ,144576483284708e-12,
0. ’0. ’0' »
«245345355748303e~11, ,230635822361273e-12, ,213483813655713e-11,
.152490318131222e~11, ,38990938584120%e-12, .135594565508%4060~11,
. 1446443994188310~11, ,1445764832847080~12,-,968070711192182s-11,
]'0'
»0.
20,
+ 0.
10.
Joc
’00
»0.
+0,
+04
.0,
’0.
+0,

-
-
DDDQPODO

-
- m W ow W ow
)

. -

- e e

oo
M "

. .
-+ =
. -

R T N T

[+ R e I a R w R Boo- R R N Rl o Qv Il o
- .
-
o
.

-.863304937183381e~11, ,107811508255134e~12, ,407043841777786e-12,
.97376736753199%e~-12, ,1005114683623650-12, .8701443433676430-12,
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.646519267661926e-12,
.591018054515866e-12,
.4977924230366645-12,
.675472291694236e-12,
,1078115082551340~12,
.294421075844794e—12,
. 153754329550496e-12,
L1517128461217668-12,
. 1350925834785440-12,
.214786181414985¢0~12,
.4070438417777846-12,
.170069329812547a-11,
.50796245412121%a-12,
.597071979424615a-12,
. 56997443589685880—12,
.8595804885345340-12,
.973767367531999a-12,
L 114162160664571e~-10,
\612427242646987s-12,
.4911467919475166-12,
.632203369486084a-12,
. 138272800565903e-11,
. 100511468362367a~12,
.8502070165464 11e~13,
.6221281578183346-13,
.364714199023790a-13,
.669170633196809%~13,
. 153459787683650a~-12,
.8701443433676430~12,
.7646621588239270~12,
.677010586682131e-12,
.5079624541211960-12,
. 8470548693176890-12,
.161413650912458e-11,
.646519267661929e~12,
.6124272426469908-12,
. 1060320260570958-10,
.6652677109140198~12,
. 1382782196119180-11,
. 12607809306448%-11,
. 566434074995983e-13,
.5406040899949518-13,
. 736820627960868e~13,
.8466012062535348-13,
. 17493410429440%e~12,
.969219430795707e-15,
.5767835495880660-12,
,5326610808449250-12,
.7646621588239636~12,
. 1700693298125568-11,
.208786529424600e-11,
,847046679808253a~12,
.591018054515866e-12,
.4911467919475160-12,
.665267710914016e~12,
8533746622951 11a-11,
.9603251554846120-12,
.638902238680168s-12,
. 153570158999207a-12,
. 138889976432118e-12,
.214420012783078e8~12,
. 106723842669889-12,
.292755216108338e-12,
.154081090611710e-12,
.6118920369950080~12,
.5767835495880378-12,
.B870144343367643e-12,

.566434074995979e~13,
.1535701589992070-12,
,471157644287518e-13,
.859615680117010e~13,
.224180712284219e-11,
.268248989745030e-13,
1353973858354 32e~13,
3904140729057 75813,
. 135637204994640e~13,
.268185352239717e~13,
.106723842669885e~12,
.846601206253457e~-13,
L464714199023817e~13,
.151712846121773a-12,
,559748055054201e~-13,
.9921713870203480~13,
.2944210758447940-12,
.B850207016546399e~13,
.540604089994945a-13,
. 1388899764321 160-12,
.6691747832940930~13,
.174921586488766e-12,
.268248989745035a-13,
L 112622791807569e-11,
.5537720266911030-14,
. 1353973858354380~13,
.736364329354712a~-14,
. 174666129581727e-13,
.214420012783083e-12,
.736820627960815e-13,
.622128157818407e~13,
.1537543295504682e-12,
,969233134710958e-13,
.153461801902629e-12,
. 153754329550497a-12,
.622128157818334e-13,
.7368206279608680-13,
.2144200127830798-12,
.153461801902628e-12,
.969233134710974e~13,
.1353973858354320-13,
.553772026691103e-14,
. 11262279180756%—11,
.2682489897450570-13,
.174666129581729e-13,
7565645293547 780-14,
. 1388899764321 10e~12,
.5406040899949018-13,
.850207016546524013,
.294421075844818e~12,
.174921586486793e~-12,
.6691747832941618-13,
.151712846121767e-12,
J4647141990237846~13,
.B46601206253526e-13,
. 106723842669890e~12,
,9921713870202848-13,
.5597480550526600-13,
3904140729057 79e-13,
. 1353973858354370~13,
.268248989745057a-13,
.22418071228421%0-11,
.268185352239599a-13,
.13563720499516 1a-13,
. 153570158999202e~12,
. 5664340749954 34613,
.100511468362348e-12,

,576783549588070e-12,
.611892036995012e~12,
.515251484381464e~-12,
L171575083572628e~11,
. 106723842669886a-12,
.214420012783081e-12,
. 138889976432112e-12,
.153570158999203e-12,
. 1540810906117058-12,
.292755216108311e-12,
.B53374662295122e-11,
6652677109140220-12,
.491146791947548e-12,
.5910180545158660-12,
,6389022386800580~12,
.960325155484503e~12,
.170069329812548e-11,
.76466215688239210-12,
53266 1080844922e~12,
.576783549588037a-12,
.847046679808192e-12,
.20878652942456%a-11,
.B46601206253469e-13,
.736820627960819a-13,
. 540604089994907e=13,
.5664340749954360-13,
.969219430795637e-13,
. 1749341042943 7 ta-12,
,6652677109140320-12,
. 106032026057094e~10,
.612427242647026e-12,
.646519267661952a~12,
. 126078093064487e-11,
.1382782196119108s-11,
507962454 121222812,
.6770105866821318-12,
. 7646621588239720~12,
.870144343367650e-12,
L161413650912456a-11,
,8470548693176500-12,
.364714199023819e~13,
,622128157818403e-13,
.8502070165465408~13,
.100511468362348a-12,
. 1534597876836520-12,
.669170633196918a—13,
.491146791947545a-12,
.612427242647019e-12,
.114162160664581a-10,
.973167367532089e-12,
. 138272800565906e-11,
,6322033694860848-12,
.597071979424615e~12,
.507962454121190e-12,
.170069329812557a-11,
.4070438417777970~12,
.859580488534496-12,
.5699744158%98607e-12,
L151712846121774e~12,
. 1537543295504 82e~12,
.294421075844821e~12,
.1078115082551378-12,
,214786181415007e-12,
. 1390925834785400-12,
.5910180545158636-12,
64651926766 1952a-12,
.973767367532102e-12,
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.407043841777797e=12,
.171575083572638e~11,
.515251484381470e~12,
.4977924230366608~12,
.632203369486084e~12,
L 138278219611915e~11,
.9603251554846060~12,

-.114166051127010e~10,

.612487402639197e~12,
.4711576442875200~13,
.669174783294097a~13,

. 1534618019026280~12,

.9921713870202840~13,

.8504221584547690~13,

.622065156809739e~13,
,515251484381467e~12,

. 847046679308202e~12,

.161413650912456a~11,

.859580488554505e~12,

.7648119054273899~12,

.6769492364485060~12,

.675472291694239a~12,

. 138272800565902e0~11,

. 126078093064489a~11,

638902238680 168e~12,

,612487402839203e~12,

-, 1060327625376708~10,

8596 15680117010e~13,

.174921586488766e~12,

.969233134710974e~13,

.559748055052656a~13,

.540634725681969e~13,

. 736735620538177e-13,

.171575083572627e-11,

.208786529424569e~11,

. 847054869317634e~12,

.569974435898613-12,

.5327525695045160-12,

.764811505427343-12,

8

-.B77308748634275e~11,
.7612438637647550-12,
.454932268228895e-11,0,
-1855111437260436-12, -
.9275714134523640-13,
.305931782435858e~12,0,
. 133538878723579e-11,

. 18425890462 17680-11,
. 163568922689129e-11,0,
.7612438637647550-12,

-.539318010265536e~11,
. 761243863764749e~12,0,
. 163568922689131a~11,

«10781150825513%e~12,~,

.859615680117038e-13,
«4711576442880430-13,
« 1390925834768544e-12,
6569170633196800e-13,
»174934104294400e~12,
+292755216108332a-12,
.850422158454765e=13,
+340634125681959a~13,
.135637204994642a-13,
«736364329354712e=14,
. 1746661295817280~13,
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. 180506988027888a-12,
.7000057889450350~13,
.208072158457461e-13,
.1019710155484070-12,
.543530621508462e-13,
.515184430782833a-12,
. 84066986 7385076012,
.287710190448511a-12,
+370364903050925¢~12,
L221894749741341e-12,
.441469120131713e-13,
.2364624106523860-13,
L114193790673141e-13,
.131903200630821e-12,
59361294 1881513e-13,
-,22245438867273%-11,
.776986836716603e-13,
.653370313826929e-13,
.9813604094590880-14,
. 194473404702659%-12,
.6983126444650200-13,
.3596759116389530-12,
. 1874014441 52595012,
.159910972516428a~12,
JA110620211697940-12,
.4861722596469440-12,
6533591 20053755513,
.9636938340420140~15,
.229883604548372a~13,
L4430179617304520~13,
.3801752328224380-13,
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»54770898933159310-13, ,13415221617408%-12, ,296209804518157e~13,
. 14989499186863808-12,-,223115770151530e~11, ,11496871864469%~12,
. 190356925881286e~12, ,4867377864429020=13, ,1490273529408968e-12,
-269998067778052e-13, ,1431349443688%7a-12, .756774441968410e~13,
,408270814870073e-12, ,3681267370843221e-12, ,5556592474396088a-12,
. 1046239219501470=12, ,6166309340081130-12, ,234603134932862a-12,
.364281212398013e-12, ,790161311499776e~12, ,1031019692428120-12,
.432470282100608a=12, ,1919324699220448-12, .153515008995208e-12,
. 1805069880270886e~12, ,370364903050925e—12, .776986B36716603e-13,
L411062021169794e-12, ,11496871864469%e-12,-,86156657154296%9e-11,
« 137942348575118a~11, ,1903650831612540-12, .554698022416238e-12,
.100733772208052a~12, ,546106278310960e-12, ,366360713814584e-12,
. 153517398338300e-12, ,1919388405246648-12, ,432463554861018a~12,
.103101134962588a-12, ,790159484542004e-12, ,364281238264380e0-12,
»2346029483076050-12, ,616631750324477e-12, .1045624309484567e-12,
.555661454490703e~12, ,.368125514602746e-12, ,408270427472810e-12,
. 366356292798208a~-12, ,546111673602991e-12, ,100733922911715e-12,
.55470640304569%a-12, ,190356925881283a=12, ,137942348575118e-11,
861566614512045a=-11, ,1149762758146500-12, .411053346153819e-12,
. 776983279779215~13, ,370343727832982e-12, .180527707176265e~12,
.3801882140419760~13, ,579441053324655e-13, ,1615643735011548-12,
.443021470266954a-13, ,3560321303153148-12, ,13108071575006%98-12,
.2299290682883460=-13, ,8040249201694318-13, .1645442148192600-13,
»965423350000413e-13, ,583880990753056e=13, ,501117222532646e-13,
. 750480963339868e—-13, ,1437402514364120~12, ,270072344305903e-13,
. 1490522955032928-12, ,486737786442908e-13, ,1903650831612540-12,
- 1149762758146510-12,-,223115191241705e-11, ,14909833824428%e-12,
«2962138522756108-13, ,134149637293043a-12, ,5478446634150070-13,
. 187401422131306a=-12, ,329705884290428s-12, .117460236092487e-11,
.3596747434606470-12, ,.181811835226045e~-11, ,363034720690375e-12,
.698259813371688a-13, ,2373393252172420-12, .4398609904141550-13,
. 1942995570887263a~12, ,7404594122357430-13, ,510710661266489e~135,
. 700005788945023e-13, ,22189474974133%9e-12, ,653370313826925s~13,
.4B6172259646944a~12, ,149027352948967e-12, ,5546980224162380-12,
.4110533461538219~12, ,14989833824428%e~12,-,8300337654647450~11,
«1599101321869100-12, ,0168893934638710a-12, ,3183464538017310~12,
-593616498372369e-13, .117133778498182e=-12, ,515025850741672e-12,
. 131903035516994e-12, ,3613099403958480~12, ,461138699628149a-13,
. 1141914658206320-13, ,3522417532680808e-13, ,587627916554123e-14,
«235645684263787%e~13, ,991833722906460e-14, ,8016055095026550-14,
.981815012610465e¢~14, ,21558%670355570e-13, ,4726885715030836e-14,
.6534437388256090-13, ,2699980677780530~13, ,100733772208054a-12,
«776983279779227e~13, .296213852275612a-13, ,159910132186913e~12,
»2224543997123950~11, ,287705491579563e-12, ,1154789017917220-12,
«840659405544847e-12, ,237927825673465e-11, ,640289157028630e-11,
515181192211043e=-12, ,118359990520096e-11, ,170616242200819a=-12,
.5433686751921960~13, ,153868670639434e-12, ,2442723919924700-13,
.1020163447226240=12, ,4477320587330650~13, ,369481663001678a~13,
-4418694534780956-13, ,9629479696687020~-13, ,215628461687972e~13,
.222510081734570e-12, .14313494436088%98a-12, ,5461062783109688-12,
»370343727832985e-12, ,134149637293044e~12, ,B18893934638719%e-12,
»2877054915795600~-12,~,1633190697460210-10, ,17384212241276Ca~-11,
L266370232117477e-11, ,702606951534182e-11, .23792B4B82688742e-11,
JN17261971390671e-12, ,3348219525631260-12, ,6259245380251110-13,
«2971826683102740-15, ,749118978395925e-13, ,109204651029052e~13,
-4678071193012160-13, ,213034556070438¢-13, ,178023249231245a-13,
«2080721584574610-13, .441469120131713e=13, ,9B1360409453093e-14,
L6935%12005375630-13, ,756774441968414e~13, ,366360713814592e~12,
- 180527707176267e-12, .5478445634150118~13, ,318346453801734e~12,
. 115478901791725e=-12, ,173842122412760e~11,-,157788939296513e~10,
26
-.8350971220778440-11, ,1547427584067448-11, ,107366895390851e-11,
.974522759883220e~13, ,333313088937220e~12, .713528062477017e-13,
. 1648219951929420-12, ,5640603850501520-13, ,326338453761757e~12,
«567245943398992a~13, ,9033217122956108-13, .345132460274115a-13,
. 1541806540980700~12, ,377907496170795e-12, ,154180654098063e=12,
«3451324602741190~13, ,9033217122955266=13, ,367245943399008e~13,

i
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.3263384537617150-12,
LT135280624770468~15,
. 107366895350852e=11,
. 154742758406 7438~11,
.698758017922610e-13,
.103775938993600s-12,
177326507773059e-13,
.6006221709632730-13,
. 15245046726 7308e-13,
.189216501467712a-12,
.5189649957384370-13,
. 1176803093318110-11,
. 107366895390851a-11,
. 136583493718427e-12,
.22333069443277%e-12,
,307861268076438e~13,
.B43372782741417e-13,
.2373048627324640-13,
,378692127712461e-12,
. 138297987681842¢~12,
.2496181841083300-11,
.9745227598832242-13,
~, 1430169532 16485e~11,
L4393816497375426-13,
. 560793438904 1550~14,
. 1355313660507040~13,
.405136983234167e-14,
. 755366600866553e=13,
,342632391755407e-13,
.275157073473953e~12,
,335313088937225e~12,
L8426743226554 140-13,
.2365174179823460-12,
.314268586372871a~13,
. 694690455362462a~13,
.2157590914562510~13,
.460768704768427a-12,
.2284332374942450-12,
LB03612777642111e=12,
,713528062477029e-13,
. 1960051435298660~13,
.753679916333189a~13,
. 11388336154 7484013,
.231086898152275a~13,
,7424844399443070-14,
. 1833463612865518-12,
.781105241569804a~13,
.1382979876818408~12,
. 164821995192943a-12,
.439381649737550a=13,
-,455301687060737a~11,
L509320932379331~15,
.771049945423801e~17%,
.254422858602436a~13,
.729103719289839¢~12,
. 184224721707 198a~12,
,278021103662817a~12,
5640603850501 52e~13,
.1395633158361540-13,
.8205653347473018-13,
.217406083211715e~13,
.384870244515281e~13,
. 13042999084 1665e-13,
L423236337817876e-12,
. 5298983089437 {4e-13,
.B83050734227160%e~13,
., 32633845376175%~12,

,564060385050181e=13,
.3333130889372150-12,
. 1547427584067436~11,
-.680844973151002e~11,
.2312470673297840-12,
.33779821480162%a~13,
.409388779803602e~13,
. 13078956285589%-12,
.4285189326937660~13,
.367360974596044e~13,
.263757487273337e-12,
. 156402016608935e~11,
,7152782229134430~12,
.4B5037441660953e-12,
.705657191361261a~13,
.670224392420840e-13,
.159314487947853e-12,
.7121286278761420-13,
.830507342271619e-13,
.803612777642098e-12,
L117690309331811e=11,
6987580179226 10e-13,
.8426743226554100-13,
. 139563315836154a~13,
.118071515440705a-13,
.233176091322271e-13,
.126256045953220e-13,
.181411090896122e-13,
.195885400954517e-12,
.842857513960593a-13,
.231247067329787e-12,
-,590931892429473e-11,
.7843452195052 18e-13,
.645790013997624a-13,
. 1120220828322160-12,
.689892050751877a-13,
.122313818732113e-12,
.967930169120112e=12,
.2637574872733640-12,
469665264735810e~15,
.992525472059094a~13,
.267762066929626a-13,
.2286759436622870-13,
.3499045473225430=13,
.2430262477313800-13,
. 5798983089437 10e—13,
.2284332374942450-12,
.5189649957384290~13,
.103775938993601e-12,
.256517417982348a~12,
.820565334747317a=13,
.805867543609042e~13,
.110705901643707e-12,
.8495510380995966-13,
,205818846146204e-12,
.451495762331033a~12,
.113604256730307e-12,
.3377982148016230-13,
7843452195052 14e~13,
-.19203374351587 Fa~=11,
421749117945101a-13,
,52613411479666%a-13,
.4446354669604848-13,
,993921830073467e~13,
.1223138187321126-12,
.367360974596032a~13,
,176723271703565a=12,

.164821995192%944a-12,
.974522759883187e~13,

.7152782229134430-12,
,4696652647358080-13,
.1767232717035630-12,
146313701847 145a-13,
,620767165628395a-13,
. 1862730799425240-13,
. 113604256730308a-12,
.B426575139604520~13,

,9356572891891856~11,
,102249522968139e-12,
,339858728741225a-12,
.224279685024773e~13,
.B84316075104607e-13,
. 32620096826502980-13,
.2780211036628188-12,
L275157073473957e~12,

«13658349371842%e-12,
. 19600514352%862a-13,
L5512794618420950-13,
.380022132952951e-14,
»143234883586111a-13,
«501301830515744e-14,
.548817072927791e~13,
.361170957451981e-13,

.48503744166095%-12,
.992525472059090e~13,
. 371528758135061e~12,
.202080793667220e-13,
«7364195280372340-13,
+336141557144895a~13,
+A451495762351033e~-12,
. 1956885400954516a0-12,

.102249522968140a-12,
. 169464 108679660a=~11,
.133844723443752e-12,
6960065407991 10e-14,
2453310244801 7513,
.1209213371046608-13,
.1842247217071988-12,
,342632391755403-13,

«2233306944327826-12,
£ 753679916333185e-13,
LA459699047381715e-12,
.239311470289567a-13,
.818378138749122e~13,
.431095995866898a-13,
.967753275436070e-12,
.648B170729277910-13,

. 705657191361257a~13,
«267762066929520a~13,
«227911285263627%a-12,
.122685891843973e-13,
LA08948191743434p-13,
.230853093117334e-13,
.2058180461462060-12,
. 1814110908959922-13,

.339858728741225e-12,
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,6512794618421046-13,
4596990473817 18e-12,
.26657176821180%e-12,
.5189822579935250-12,
.2156423925720900-12,
.470940482302777e-11,
. 1833463612865560-12,
.3786921277124696-12,
. 3672459433989940~13,
560793438904 1630-14,
.409320932379337e-13,

-.221997059327339%-11,

«3715287581350610-12,
+227911285263629-12,
.558954460405695e~12,
646786031279009a~12,
.845207860804882a~12,
«4232363378178768-12,
.460768704768401e-12,
.1892165014677230-12,
17732650777306te-13,
«3142685863728710-13,
«2174060832117170-13,
.121186736544833e-12,

.133844723443750e-12,
-, 135583552941992a~10,
.169225311537619e~12,
.598179461404382e-12,
.48826B2999177650-12,
.729103719289845e-12,
. 755366600866598a-13,

.3078612680764380~-13,
.1138833615474848-13,
«266571768211801e~12,
.41127349420346%a~-13,

. 128985336862809e-12, ,150607627037307e-12, .1699927175938990e-12,

.7032634557414924~13,
.4882682999177620-12,
» 120921337104669%0-13,
. 3282009826502%0e~13,

.2823309715698890-12,
.23085309311734(e=13,
.336141557144889e-13,
. 1862730799425160-13,

.1348726145825818-12,
.4310959958669060~13,
.601301830515840e-14,

.9033217122956230-13, ,409388779803602e-13, ,670224392420840e-13,

. 118071515440706e-13,
.80586754360905de~13,
.1211867365448340-12,
.4453894523994730-12,
. 2900397964723750-12,
.B452078608048766-12,
.2430262477514230-13,
.71212862787678Ba~13,
.3451324602741136-13,
.3800221329529568-14,
.2393114702895680-13,
.411273494203469e-13,
,215704107321952e-12,
. 1409603773343060-12,
.2158423925721050-12,
,7424844399450480-14,
.23730486273245%-13,
. 1541806540980720~12,
. 135531366050705e~13,
.7710499454257970-13,
. 1289853368628090~12,
-.800619556481450e-11,
.4129605923482630-12,
.598179461404401a-12,
.2453310244807920-13,
,884316075104728e-13,

.6457900139976285-13,
.421749117945103e-13,
-,554283605032828e~11,
.5288698457069838~12,
L868564136198223a-12,
.444635468960518e-13,
.689892050751925e~13,
.428518932693827a-13,
.1463137018471460-13,
2020507936672 18013,
. 122685891843973a~13,
. 1306949332976560-12,
.276130332390189e~12,
.290039796472382e~12,
, 13042999084 1679a-13,
.2157590914562449~13,
.1524504672673026-13,
.600622170963273e-13,
.6946904553624500-13,
,384878244515281e-13,
.445389452399468e-12,
.176334054787868e~11,
,701888113803837a-12,
.408948191744054e-13,
.736419528037872e-13,
.6207671656284560-13,

.228675943662285e~13,
.5589544604056918-12,
.1306949332976568-12,
.701888113803834a~12,
.2823309715698876-12,
.84955103809964 12~13,
. 1262560459537848-13,

.2242798850247730-13,
«696006540799110e~-14,
«1692253115376200~12,
-.221226218662300e-11,
LA412960592348272e-12,
+7032634557414920~13,
.254422858602442e-13,
.405136983234281e-14,

.843372782741425a~13,
.231086898152274e-13,
.518982257993522a-12,
«21570410732195%e~12,
214472963565010a-11,
+1699927179989%10-12,
.81837813874975%a~13,
.143234883586175e-13,

.377307496170795e-12, .130789562855899e-12, .1593144875947853e-12,

»233176091322273-13,
. 110705901643706e-12,
. 150607627037305e~12,

.1120220828322160-12,
.5261341147966738-13,
.328869845706980a-12,

+349904547322537e~13,
.6467860312790008-12,
»2761303323901B6a-12,

. 1763340547878690-11,~,835688328600292e-11, ,17633405478786%e-11,

«276130332390184e-12,
»546786031279000e-12,
.349904547322677e-13,
«159314487947854e-12,
. 1541806540980638~-12,
» 1432348835861118-13,
.818379138749110e-13,
» 169992717998989%a~12,
»214472963565010e~11,
.215704107321947e-12,
.5189822579934830-12,
»231086898152347e-13,
.B43372782741284e-13,
«345132460274123e-13,
.4051369832341720~14,
«2544228586024360~13,
.7032634557414960~13,
.41296059234827 1812,

.528869845706987e-12,
»526134114796B807e-13,
»1120220828322230-12,
»130789562855899e-12,
.6207671656283998-13,
.736419528037234e-13,
.408948191743436a-13,
. 701888113803834e-12,
.176334054797869e-11,
«4453894523994650-12,
.384878244515350e~13,
.65946904553622800~13,
.600622170963209e-13,
«152450457267310e-13,
.2157590914562530-13,
. 13042999084 1666e~13,
«290039796472377a~12,
«276130332390186a~12,

. 1506076270537505a~12,
. 1107059016437 16812,
+2331760913223240-13,

.8B843160751046078-13,
.24533510244801748-13,
.598179461404382a-12,
.4129605923482660-12,
~,B800619556481450a-11,
. 128985336862805e-12,
+771049945423671a~13,
«1355313660507320-13,

.2373048627324670-13,
«742484439944907 014,
.215842392572092e-12,
»1409603773343060~12,
+2157041073219490-12,
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~,221226218662300e~11,
.1692253115376148—12,
.696006540799446e~14,
.224279885024809¢e-13,
.9033217122955340~13,
. 126256085953221a-13,
.849551038099600e-13,
+2823309715638870-12,
.701888113803847e~12,
. 1306949332976568~12, -
.558954460405691e~12,
.228675943662322e~13,
.670224392420638e~-13,
.3672459433990120~13,
.601301830515739-~14,
.431095995866898e~13,
. 1348726145825816~12,
. 169992717998993a~12,
L411273494203460e~13,
.266571768211802e~-12,
. 11388336 1547500e~13,
.307861268075478e~13,
. 3263384537617 50-12,
. 75536660086656 1-13,
.729103719289845e-12,
.48826829991775%0-12,
.5981794614044040-12,
.169225311537614a-12,
-, 13558355294 1992a-10,
. 133844723443760e-12,
.339858728741230a~12,
. 564060385050181e~13,
.181411090896122e-13,
.205818846146204a-12,
.230853093117338e~13,
.408948191744052e-13,
. 122685891844001e-13,
.227911285263632e-12, -
. 267762066929629e~13,
. 705657191361293a-13,
. 1648219951929468-12,
.64881707292779%a~13,
.5677532754360736~12,
.431095995666906a-13,
.818378138749761a-13,
.239311470289591e-13,
.4596990473817250-12,
.7536799163532050-13,
.2233306944327840~12,
,7135280624770508~13,
.3426323917554090~13,
. 1842247217072008-12,
.120921337104667e-13,
.2453310244807940~13,
.6960065407994450-14,
.133844723443757e~12,
-, 169464 108679659~ 11,
. 10224952296814 12-12,
.3333130889372178-12,
. 1958854009545170~12,
,451495762331027e-12,
.3361415571448850-13,
. 7364195280578 76a-13,
.20205079366724 1613,
.371528758135055¢e~12,
.992525472059102e~13, -
48503744 16609460-12,

. 1306949332976560~12,
. 122665891844001e-13,
.202050793667244e~-13,
.146313701847149e-13,
.428518932693770e~13,
.6898920507518818~13,
.444635468960484e~13,
.8685641361982238~12,
.5288698457069836~12,
.554283605032822e-11,
.421749117945145e~13,
.645790013997507e~13,
.409388779803491e-13,
. 186273079942526a-13,
.336141557144897a-13,
.2308535093117333e~13,
.282330971569883a~12,
. 150607627037307e~12,
.1211867365448350-12,
.217406083211729a~13,
.314268586372875a~13,
.1773265077730678-13,
. 1892165014677140~12,
.4607687047684300-12,
.42323633708178768-12,
.845207860804876e~12,
.646786031279003e-12,
.558954460405698a~12,
.227911285263632e-12,
.3715287581350598-12,
176723271703557e-12,
.367360974596046a-13,
.122313818732112e-12,
.993921830073467e-13,
4446354689605 16e=13,
.526134114796607e-13,
,421749117945147e=13,
.192033743515878e-11,
,784345219505234e~13,
.337798214801643e-13,
.113604256730308a-12,
.451495762331033e-12,
.2058188461462098-12,
.B49551038099637e~13,
. 1107059016437 166~12,
.805867543609058e-13,
.820565334747321e-13,
.236517417982348a-12,
.103775938993605¢~12,
.518964995738437e-13,
.228433237494245e-12,
5298983089437 16013,
.243026247731421e-13,
.3499045473226750~13,
.228675943662319a~13,
.267762066929631e-13,
.9925254720590940-13,
.4696652647358370=13,
,263757487273339e-12,
.967930169120118e-12,
122313818732113e~12,
.68989205075192 1613,
. 1120220828322220-12,
.645790013997503a~13,
.7843452195052340-13,
.590931892429473a~11,
.251247067329781e-12,

+A11273494203463a-13,
«2393114702895920-13,
«3800221329533120-14,

.7121286278761460-13,
.243026247731377e-13,
.845207860804876e-12,
.290039796472379a-12,
.4453894523994650-12,
.1211867365448350-12,
.805867543609062e-13,
L11B0715154407650e—13,

. 3282009826502960-13,
. 12092133710465%-13,
LA88268299917762e-12,
.7032634557414960-13,
. 128985336862806e-12,
.221997059327339e-11,
.4093209323793510-13,
.560793438904504e-14,

.3786921277124620~12,
. 1833463612865508~12,
4709404823027 75e~11,
.215842392572103e-12,
.518982257993483a-12,
.266571768211802e-12,
.459699047381725e-12,
.6512794618421608~13,

.630507342271623e-13,
.52989830894 3704013,
,423236337817878a-12,
. 13042999084 1679a-13,
.384878244515348e-13,
.217406083211729e-13,
.820565334747317s~13,
. 1395633158361548-13,

»2780211036628208-12,
. 184224721707197e-12,
.729103719289845e~12,
.254427858602440e=13,
,771049945423671a-13,
.409320932379349a-13,
.455301687060737e-11,
L4393816497375360—13,

»1382979876818422-12,
.781105241569796e~13,
. 18334636126865558~12,
.742484439945048a-14,
.231086898152347a-13,
.11388336154749%2~-13,
»753679916333205e-13,
. 1960051435298658~13,

,803612777642098e~12,
,2284332374942430~12,
L4607687047684010~12,
.215759091456242e~153,
,694690455362260e-13,
.3142685863728730~13,
.236517417982348e-12,
.842674322655390e-13,
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.974522759883191a-13, .842857513%9604608-13, ,275157073473953e-12,
.5611709574519818—13, ,195885400954516e~-12, ,3426323%17554019-13,
.648817072927783e-13, ,1B81411090895993e-13, ,755366600866602e~-13,
.6013018305158370-14, ,1262560459537840~13, ,405136983234278e-14,
. 1432348835861 75e-15, ,233176091322324e~13, ,135531366050732¢-13,
.380022132953307e~14, ,1180715154407640~13, ,5607934389045015-14,
.651279461842168e-13, ,1395633158361545-13, .4393816497375536e-13,
.196005143529863a-13, .842674322655398e-13,-,143016953216485e~11,
. 136583493718425e=12, ,698758017922582a-13,
. 107366895390853a~11, ,117690309331811e-11, ,2496181841083358-11,
.275157073473957a=~12, .B03612777642104a=12, .13829798768183%-12,
.278021103662817a=12, ,830507342271611e~13, ,378692127712471e-12,
. 328200982650288e-13, ,712128627876784e-13, ,23730486273245%a-13,
.884316075104740e~13, ,15931448794768550-12, ,843372782741288a~13,
.224279885024808e-13, ,6702243924206340-13, ,307861268076478e-13,
.33985872874122%e~12, ,705657191361297a-13, ,223330694432784e-12,
. 102249522968142e—12, ,4850374416609495-12, ,13658349371B424e-12,

-.935657289189195e~11, ,7152782229134368-12,
. 154742758406743e-11, ,156402016608938e~11, ,117690309331812e~11,
.842857513960597e-13, ,2637574872733640-12, ,518964995738427e-13,
.113604256730308a~12, ,36736097459603Ba-13, ,189216501467722s-12,
. 1862730799425168~13, ,428518952693827e~13, ,152450467267301e-13,
.620767165628448e-13, ,130789562855898a~12, ,60062217096320%-13,
.146313701847479-13, ,409388779803489e-13, ,177326507773066e-13,
. 176723271703555%a~12, ,337798214801641a=13, ,103775938993605e-12,
.369665264735835e-13, ,231247067329784e-12, ,698758017922590e-13,
.7152782229134436-12,~,680844973151002e-11,

10

-.B8362276456857960~11, ,142055362096825e~12, ,126618728391246e-11,
. 7777905769354460-12, ,7123287712639533a~12, .163255782189641a-11,
.30048130444864%-12, .12851269186522%e=11, ,952002620321953a~12,
« 129374579732998a-11,
. 1320553620968270-12,-,223240210861634e=11, ,34151622380331%a-12,
.212638988075434a~12, .204832331610370a-12, ,498079971218517a¢-12,
.816007513439908a=-13, ,300188501691288e-12, ,2764571103030706a-12,
«175032875745704e-12,
. 126618728391247a~11, ,341516223803319a=12,~,177410455337643~10,
.207432053249760a-11, .21818707293857%-11, .5616422139344460-11,
.988562231001765e-12, ,196007523187156e-11, ,2294551329362808-11,
. 141753983258464a-11,
777790576935455%e-12, ,212638988075431e-12, ,207432053249758e-11,

-.17846291922217Ba~10, ,B829822262814352e-11, ,297753812923977a-11,
. 196935664791381a-12, .727681192188837e-12, .134102214704648e~11,
.B40142065299126a~12,
. 7123287712639460=12, ,20483233161037te-12, ,218187072938581e-11,
.829822262814352a-11,-,155818520116638a~10, .180113125514682¢-11,
. 150535061588779a-12, ,555834149062601a-12, ,930251720207593e-12,
. 746B45365254074e-12,
. 1632557821896440~11, ,498079971218520e~12, .561642213934451e-11,
«297753812923977e~11, .1B01131255146B2e-11,~,167850826808710e-10,
.289887132502092e~12, ,106905445457632e-11, .156958762416277e-11,
. 13308241527838%99-11,
. 300481304448648s~12, ,816007513439904e-13, ,588562231001765e-12,
. 1969356647913820~12, ,150535061588777e~-12, ,289887132502090e-12,

-.222954657224731e~11, ,153078525145579e-12, ,26952544150020%-12,
. 158940459924956e~12,
.128512691865230a~11, ,300188501691286e~12, ,196007523187154a-11,
.727681192188891e~12, ,5558341490625919-12, ,106905445457631a-11,
. 1530785251453719e~12, -,8543205554462279-11, ,163351751547775%e-11,
.558645065796101e~12,
.952002620321966e~12, ,276457103030704e~12, ,22945513293627%s-11,
. 1341022147046480~11, ,930251720207580e-12, ,156958762416277e~11,
.269525441500209e~12, ,163351751547777e-11,-.972624515942247e~11,
«4593296583121648~12,
.129374579732998a~11, ,175032875745702e~12, .1417539832584640e-11,
.B40142063299126a~12, ,746845365254064e-12, ,133082415278387e-11,
.1989404599249548~12, .658649065796101e-12, ,459329658312160e-12,
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27

»712104927103054a~11,

.9805103234668260-11,
. 1288897845602226-12,
.2463574706731270-12,
.201888052845901a-12,
.815826959739226a-13,
.3758713563217090-12,
. 314503253703777e-12,
.885552799172667a-13,
.7542706071020280-12,
. 1802413612142068~12,
.412509713496934a~13,
.7502361118406262~13,
.5455176307471360~13,
.2311280858784660~13,
. 1121857484412020-12,
. 1102427523034920-12,
.3631243529648749-13,
.2348120875758840-12,
.381279048332032e-12,
.1122861573174066-12,
.214862314588913e-12,
. 1473855098350240~12,
.549938827633557a-13,
. 326657024258292a~12,
.355782869401993a~12,
.12482753422407%~12,
.4277714958973330-12,
. 1288897845602220-12,
.2950337689274474a-11,
.898470017842241a-13,
5899614441454 15e-13,
.272821792709982e—13,
. 139978003874 136e-12,
.1659471310930630-12,
. 585946849056933e~13,
.1162732784685200-12,
.822599205970837e-12,
.304577569615368a~12,
.7447872104483440-12,
.4753976818760340-12,
+272492224375050e~12,
. 1125775204406878~11,
. 152353915999300e~11,
.4462618665646730-12,
.556740435246574e~12,
.1012100245113588-12,
.375400526827084e-13,
.112286157317406a-12,
. 787975852503073a-13,
.585536182330980e~13,
.134627519288057e~12,
+212153056537828e~12,
.515019255569349e-13,
. 58802656 164803%8-13,
.246357470673127e-12,
.898470017842237e-13,
. 727795635668745¢e~11,
. 259235926360089e~12,
.1979559872624540~12,
.2834526473046310-12,
. 508909545422970e~12,
. 119165555025175e~12,
. 1420956884 56812012,
.B789556606333120-13,
.312827554458619e-13,

.180241361214207e=12,
.822599205970849e-12,
.878955660633312e=13,
.610016288887966a~13,
.B80169243080813%~12,
. 150824454259399e~12,
.794816731079061e~13,
L917375059338226e~12,
. 3896798068459060~12,
~.280027049763730e-11,
+262446771953559a~12,
+263462532834845¢-13,
.1677692096112950~13,
.23443011688305%0-12,
.4484047774530650-13,
.2943507951542568~13,
L418760115646144e-12,
.744191160317129~13,
. 1154598982326540-12,
.7447872104483380-12,
,750236111840622e-13,
.4600967424970650-13,
.676355822237075e~12,
,1298027502199046~12,
.9791323981510950-13,
L127111754863975e-11,
.1186209427528950-12,
L4125097 1349653413,
3045775696 1536%e-12,
.312827554458619a-13,
.187525414963743a-13,
.2911035694584940-12,
.55007462954 1445613,
.4645019964726420-13,
,498729847946030e~12,
.319021705175815e-13,
,262446771953557e-12,
~.1993845323085470-10,
.2624467719535640~12,
.1655945640916598-12,
.2853973372358530-11,
.4149813485266980-12,
.A14981348526615e-12,
.28539753723585%0-11,
.165594564091617e-12,
.3128275544586350-13,
.3045775636153660-12,
.4125097134969360~13,
.319021705175553e~13,
.498729847946056a~12,
.4645019964723940-13,
.550074629541697e~13,
2911035694 58494e~12,
. 1875254149637500-13,
.750236111840618e-13,
.744787210448338a~12,
.115459896232653e-12,
.118620942752908e-12,
L1271117548639750-11,
.979132398151107a=13,
.129802750219794e-12,
.676355822236962e-12,
L, A600967424975720~13,
,2634625328348426-13,
.262446771953567e-12,

.381279048332037a-12,
.101210024311357a-12,
.301069154254329e-12,
.183189504174735a-12,
. 136922377974573e-12,
,6111176345749908-12,
.214844311988031e~12,
.209647798193637a-12,
.198311369266987a-11,
. 115459898232653e~12,
.3128275544586350-13,
,878955660633654e~13,
.511540758276772e-13,
.4082180354540880~13,
.178277714001724e~12,
.B8354252171148468-13,
.886716855955354e-13,
. 147976086 166179a-12,

-.727795635668745e~11,
.898470017842277e-13,
.2463574706731240-12,
. 1420956884569128-12,
.1191655550251248~12,
.508909545422876e~12,
. 283452647304628e-12,
.197955987262454e~12,
.259235926360084a~12,
.112286157317406e-12,
.3754005268270828-13,
.101210024911352a-12,
.588026561648026e-13,
.5150192555690950-13,
.2121530565378648-12,
. 134627519288031e-12,
.5855361823309880-13,
.787975852503077e~13,
.7447872104483380~12,
.3045775696153668-12,
.822599205970837e-12,
.5567404352465258~12,
L4462618665647558-12,
. 152359915999300e-11,
.112577520440684e-11,
27249222437497 10-12,
,475397681875972e-12,
,898470017842281a~13,

-.2950357892744 74011,
. 1288897845602140-12,
.1162732784685200~12,
.585346849056675a-13,
.1659471310931636-12,
.139978003874083a~12,
.272821792709977e-13,
.589961444145407e-13,
,2148623145889120~12,
. 112286157317405a-12,
.3812790483320400~12,
,4277714958973310~12,
.1248275342240800-12,
.3557828694019576-12,
,326657024258344e-12,
,64993882763457 1813,
.147385509835021e-12,
.7502361118406268-13,
4125097 13496934e~13,
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. 1154598982326530~12,-,280027049763728e~11, ,180241361214210e-12,
. 147976086166194e~12, .7441911603171340~13, ,2348120875758860-12,
.886716855955350e-13, .418760115646162e~12, .363124352964885e~13,
«835425217115137a~13, ,294350795154018e-13, ,1102427523034438-12,
. 1782771713007 14e~12, ,348404777453530e=-13, ,112185748441253e-12,
.30B2180354535650~13, ,234430116883052e~12, ,231128085878463e-13,
«511540758276754e~13, ,167769209611264e~13, ,545517630747573e-13,
+3010691542543240~12, ,87B9556606336808-13, ,2463574706731220-12,
«101210024911352e~12, ,8225992059708330-12, .128889784560213e-12,
«381279048332037e~12, ,1802413612142078-12,~,980510323466815e-11,
«19831136926698%~11, ,38967980684590%a~12, ,7542706071020188-12,
.209647798193635e~12, .9173750593382460~12, ,8855527991726630~-13,
+214844311988003a~12, ,794816731079065¢-13, ,3145032537038245-12,
611117634574935%a~12, ,150824454259399e-12, ,3758713563216508-12,
+1369223779745719~12, ,801692430808197e~12, ,815826959738588e0~-13,
.1831895041747570~12, ,61001628888830%~13, ,2018880528458508-12,
.201888052845897e~12, ,545517630747136e~13, ,147385509835024e-12,
»089961444145407e~13, ,4753976818760348-12, ,78797585250306%a~13,
«2592359263600890~12, ,1479760861661%4e=12, ,198311369266990e-11,
-.580729044841092e~11, ,101864520711762a-12, ,21485033691814%e~12,
«667935156923921a~13, ,356411450448636e-12, .400646635431905e-13,
«990946644685168e~13, ,367591750579353ae=13, ,1396957357664438-12,
«223405297846397e~12, ,62777539213438648-13, ,.169947652136743e-12,
6688733880706458~13, ,452021884391609e-12, ,526196752480708=2~13,
« 123694680610294e~12, ,430796958380966e~13, ,149980179238446e-12,
.510016288887970e-13, ,167769209611295a-13, ,460096742497071a-13,
.187525414963743e~13, ,165594564091662e-12, ,319021705175548e-13,
«1186209427529098~12, ,744191160317129a~13, ,38967980684590%a~12,
. 101864520711764e~12,~,17000831116805Ba=-11, ,548853212988909e=-135,
. 18820413900292%e~13, ,110231265628311te-12, ,127209459224088a-13,
«312979144652863e~13, ,1152599542304324e~13, ,43237029%810141a=13,
.6379685310181220~13, ,183133548966066e-13, ,500337745753666a-13,
. 1980570886%915560~-13, ,1337820336215568-12, ,1542741181222630~13,
360365170465129e~13, ,124670299450054a-13, ,430796958381386e~13,
.183189504174735e~12, ,511540758276772e~13, ,142095688456912e~12,
.588026561648031e~13, ,556740435246523e-12, ,116273278468520e-12,
4277714958973360~12, ,234812087575887e~12, ,754270607102034e-12,
.214850336918153e~12, ,548853212988317a-13,-,462602079570093e~11,
«95198414393483620~13, ,3297819771882%0a=-12, ,392063836350460e-13,
.9637958520753460-13, ,3538556356653060~13, ,131702113294458a~12,
- 1B2803795800500e~12, ,535139409878780e=13, ,147323953205516e-12,
.585692187217554e-13, ,394877532070377e-12, ,4512100146566420-13,
. 104794901828313e~12, ,3603651704651860~13, ,123694680610240e-12,
.B15826959739222e-13, ,231128085878466e=13, ,64993882763354%e~13,
. 272821792709982e~13, ,2724922243750480-12, ,585536182330980e~13,
. 1979559872624540-12, .8B6716855955358e~13, ,2096477981936368-12,
.667935156923921e~13, ,1882041390029190-13, ,.519841439348360e-13,
-.193431536769780e-11, ,141622538097357a=12, ,174746496322096e-13,
«430943244294655e~13, ,158298179317343%e-13, ,586635610363048e~13,
» 7747909140526119-13, ,231713417067831e-13, .6426854492180460~13,
«2964691325052156-13, ,1724728002883040-12, ,19532742688658%0-13,
LA4512100146566170=13, ,154274118121779e-13, ,526196752441348a~13,
.8016924308081360-12, ,2344301168830540~12, .676355822237068e~12,
.2911035694584940-12, ,2085397337235851e-11, ,49872984794604%0-12,
127111754863976e-11, .4187601156461620-12, ,917375059338246e-12,
.3564114504486360-12, ,110231265628311e-12, ,329781977188285%-12,
. 1416225380973570~12,~,1459684744662458-10, ,1529155748549500-12,
.385458882232080e-12, .1438037034544430=12, ,536973780588162e-12,
.5882994768121188-12, ,2196390707043720-12, ,6095920571501460~12,
.24048122451326%0-12, ,1564944311265040=11, ,172472800288258e-12,
.3948775320704170-12, ,1337820336216120~12, ,45202188433153%9e-12,
. 1369223779745740-12, ,4082180354540888=-13, ,11916555502512%-12,
»515019255569101e-13, ,4462618665647550-12, ,585946849056679e-13,
.1248275342240819=12, ,363124352964887a-13, ,885552799172675e~13,
.3006466354319118-13, ,12720945922408%-13, .3920638363504600~13,
. 174746496322097e~13, ,1529155748549520-12, -,2245400630413550~11,
«5837065223512350=13, ,222430337740340e~13, .850854221267108e~13,
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. 1183273559334630-12,
.395997853070891e~13,
.585692187277578e-13,
.3758713563217130~=12,
. 139978003874 1350~12,
.283452647304634e~12,
.9909466446857T60-13,
.4309432442946640-13,
-.573584029686825Ze~11,
36939995454 7080012,
.10543351095181te-12,
.14732395320546 3012,
. 15082445425939%e-12,
.550074629541443a-13,
.979132398151119e-13,
.3675%1750379351e-13,
. 158298179317346e-13,
.591025764441797e-13,
. 184176425778734e~12,
.395987853194566e~13,
.5351394098788070~13,
L6111176345749870-12,
.212153056537862a-12,
.3557828693019540-12,
. 1396957357664430-12,
.586635610353052e~13,
.232895273098217e-12,
.133489186300647e~-11,
. 118327355933362e-12,
. 1828037958004990-12,
.314503253703776e-12,
. 1659471310930630~12,
.508909545422970e-12,
.223405297846399%0-12,
.774790914052611e-13,
36939995454 7080e-12,
-.8547994890431860-11,
.850854221267055¢-13,
.1317021132944580~12,
.7948167310790616~13,
.464501996472648a=13,
.1298027502197952~12,
.6277753921438720-13,
.231713417067831e-13,
. 119878446295821a-12,
.966287432759460e-13,
.2224903377403 15013,
. 35385563566 5308a~13,
.214844311988031e-12,
. 1346275192880310-12,
.3266570242583460~12,
. 1699476521367438~12,
.642685449218050e~13,
.2973341929232960-12,
.2328952730982100-12,
.583706522351198e-13,
.9637958520753130~13,
.885552799172671a~13,
.5859468490569330-13,
. 1191655550251740-12,
.668873388070645e-13,
2564691325052 150~13,
.105433510951811e-12,
.85085422126707 la-13,
~,22454006304 1355011,
392063836350452a-13,
.917375059338220e~12,

.395987853194552e~13, .105433510951811e-12,
.240481224513273e-12, ,2564691325052200~13,
-1980570886915718-13, .6688733880706576-13,
.1121857484412030-12, ,326657024258297e-12,
«112577520440687e-11, ,134627519288057%e-12,
«835425217115141e-13, ,214844311988003e-12,
»3129791446528630~13, ,963795852075346e~13,
.3854588822320850-12, .5837065223512350-13,

59102576444 180513,
.11987644629582 a~12,
,6095920571501560-12,
.500337745753170e-13,
.446404777453067e-135,
.4149813485266986~-12,
.294350795154018e-13,
.115259542304323e~13,
.1438057034544440~12,
-.2244661224944120~11,
.53571066533709%e~13,
.2196390707043880-12,
L 183133548967617a~13,
.1782777140017220-12,
.152359915999299e-11,
.1102427523034430-12,
.4323702998101390-13,
.5369737805881580-12,
,96628743275954 10-13,
. 1841764257787280-12,
.6882994768121340-12,
,637968531017088e~13,
,1102427523034910-12,
.152359915999299s-11,
. 1782777130017 136~12,
6379685310181 10e~13,
.6862994768121120~12,
. 1841764257787340-12,
.9662674327594480~13,
.536973780588145¢~12,
.4323702998100668~13,
.294350795154256e-13,
.4149813485266180-12,
.4484047774535300~13,
.1831335489660660-13,
.219639070704373e-12,
.535710665337101e~13,

-.224466122494412e~11,

. 1438037034544360-12,
. 1152595423043420~13,
.835425217114846a-13,
.1125775204406838~11,
.112185748441255e-12,
.5003377457536660-13,
.6095920571501560-12,
.119878446295823e-12,
.591025764441728e~13,
. 385458882232062e~12,
.312979144652893e~13,
.3631243529648742-13,
.4462618665646740-12,
.408218035453567e-13,
. 198057088691556e~13,
.2404812245132730-12,
.3959878531945700-13,
.2224903377403150-13,
.152915574854942e~12,
.127209459224098a-13,
L4187601156461440=12,

2328552730982 19e~12,
.297334192923299e~12,
.6426854492185510~13,
. 1695476521368038~12,
.1298027502199050-12,
L. 4645019964723%4e-13,
,7948167310790690-13,
.3538556356653040~13,
.2224503377403390-13,
.966287432759545a~13,
. 1198784462950230=12,
.2317134170673300-13,
.6277753921426822e-13,
.5085095454228760~12,
L 165947131093162e-12,
.3145032537038270-12,
L1517021132944580-12,
.850854221267096e-13,
-.8547994890431860-11,
.3693999545470740-12,
.774790914053112e-13,
.2234052978464550-12,
.3557828694019890-12,
.2121530565378250~12,
.611117634574938e-12,
. 182803795B00497a-12,
.1183273559334620-12,
.1334891863006460-11,
.252895275098207e~12,
.586635610363097e-13,
. 139635735766432e=12,
.979132398151087e~13,
.5500746295416970-13,
. 1508244542534000-12,
.5351394098787840~-13,
.3959878531945520-13,
.1841764257787310~12,
.591025764441740e~13,
. 158298179317344e-13,
.3675917503793260-13,
.28345264730462Be-12,
.139978003874083e~12,
.375871356321650e~12,
.1473239532055150~12,
.105433510951811e-12,
36939995454 7080e~12,
-.573584029688252e~11,
.4309432442946298~13,
.990946644685743a~13,
. 124827534224079e-12,
.5150192555693530-13,
.136922377974572e~12,
.585692187277554a-13,
.395997853070887e~13,
.118327355933462e-12,
583706522351 190a=13,
.174746496322084a-13,
.400646635431886a=13,
L127111754863973a=11,
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.498729847946030e-12,
.676355822236562e—12,
.4520218843916120-12,
. 1724728002883040-12,
.609592057150153e~12,
.536973780588145e-12,
. 152915574854946e-12,
.329781977188283e~12,
.209647798193636e-12,
.585536182330988e~13,
.649938827634579e-13,
.526196752480702e~13,
. 1953274268865908-13,
.6426854492185430-13,
. 5866356 10363093e-13,
. 174746496322086e—13,
.519841439348352e~13,
.754270607102025e-12,
. 116273278468520e-12,
. 142095688456810a~12,
. 123694680610294e-12,
.4512100146566178~13,
.1473239532054620-12,
.1317021132944530-12,
.392063836350452e~13,
.4626020795700930-11,
. 389679806845907a-12,
.319021705175817e~13,
.460096742497576a-13,
.430796956380970e~13,
,154274118121780e-13,
.5003377457531660~-13,
.432370299810072e-13,
. 127209459224098e-13,
.5488532129688921a=13,
. 198311369266987e-11,
. 78797585250306%e~13,
.147385509835021e~12,
. 1499801792384450-12,
.5261967524813460~13,

.285397537235851e-11,
.234430116883052e~12,
,1337820336215540~12,
.156494431126504e~-11,
,219639070704388e-12,
.1438037034544340-12,
-.145968474466243e-10,
.1102312656283138-12,
.886716855955350e-15,
«272492224374969e12,
.231128085878461a~13,
,154274118122263e-13,
.1724728002688260e-12,
.231713417067327e=13,
L158298179317343e-13,
. 14162253809734%0~12,
. 1882041390029200-13,
.2348120875758868-12,
.556740435246574e~12,
.511540758276756e~13,
.360365170465129e~13,
3948775320704 17e~12,
.53513940987880%e-13,
.353855635665304e~13,
.329781977188280e-12,
.5488532129889150-15,
.744191160317125e-13,
. 1655945640916 18e~12,
L1677692096112660-13,
.1246702994500538~13,
.133782033621613e~12,
.183133548967617e~13,
.115259542304341e~13,
.110231265628312e~12,
-.170008311168058e-11,
.1479760861661788~12,
.475397681875972e~12,
.545517630747573e~13,
.4307969583813866~13,
.4520218843915360~12,

.2911035694584956-12,
.801692430808191e-12,
.3948775320703726-12,
,240481224513270e~12,
.6882994768121340-12,
.385458882232062e-12,
. 141622538097348e-12,
.3564114504486100-12,
.197955987262454e-12,
.272821792709977e-13,
.B15826959738584e~13,
.451210014656638e-13,
.2564691325052176-13,
.7747909140531080~-13,
.430943244294627e-15,
-, 1934315367697800-11,
.6679351569238920-13,
.4277714958973330-12,
58802656 1648035e~13,
.183189504174759e-12,
.104794901828313e-12,
.585692187277574e-13,
. 182803795800500e-12,
.963795852075293e-13,
.5198414393483568-13,
.2148503369181460-12,
.1186209427528%60-12,
. 187525414963752e-13,
.610016288888313e~13,
.3603651704651860-13,
. 19805708869157 1813,
.637968531017092e~13,
.312979144652891e~13,
. 188204135002920e-13,
.1018645207117628-12,
.2592359263600840~12,
.589961444145407e—13,
.2018880528458510-12,
. 1236946806102400-12,
.668873388070657a~13,

«169947652136803e-12, .627775392142822e~13, ,2234052978464550-12,

. 1359695755766433e-12,
,A006466355431880e-13,
.2148503356918145e-12,
V/radp/iregs
a

1/radp/Jregs
0
1/radp/kregs

«3675917503793260~13,
.55641145044860%~12,
+101864520711760e~12,

2,47,26,28
10,10,26,28
12,12,26,28
17,17,26,28
,21,21,26,28
28,28,26,28
2,32,26,28
7,37,26,28
9,39,26,28
,19,26,28
0,47,26,28
19,19,26,28
,30,30,26,28

F

3
3
3
2
3
r

ODDODODOOOODOOOOO%

= = & & * F & 4§ W o om & s W

«9909466446857520~13,
.667935156923892e~13,
-.580729044841076e~11,

D.23



© Do @ WD
w0 N oY W w NN NN
™S & x o= Lag TaliTal DOODDDEIIN = = s LM A 10y Uy
=D WD WD TaRTal TRl Ta MY DO WY s ow . NN = = aDY OO P T o T A
W NNy TN T T ST BT N T T B w oa o mEIE R m om & & w0y DN N O TN TN T TN T TN i la Y
e e 2l ow om AHVHY wox o mlY RN M T M s s aD O O OO I m os omow L
Al R aM I I & af i el 2 koo om e s wl U AN m oA o mp O~ e s s @D
QO s s ar-@ = a4 a2 =DM N0~ MO & o= & 6 a@egNe-MIN & & & & o a@Y 06— M0MN
N & s m A NN s e N & A AaNOROEMi i A R e AN O e T s o w e
mh e DM r— & aMI PP & ot & o &8 AT OD s M= & & NIV AN = w o a0
FN—AT aom e e A 2D A N—FI 2 koA s Al = O NI v o a o wml DN e N
NI =N L B e = R R i e N e N =l e 2 A Y Y T = N A R e L T S
IO O = = e o af T MIDP a a e o @ NONMNMMN=NMI Y & s on e — N NPT + = & aFle— = xr
—— 0NN % om s e A ek om AR ONOIDNMNE =N e & o4 om AT NN & o om e e == NN
W o om o mlY Y T W OO TR W PO == (YN xR om N TR T v & & A AN ST AT AT R v m & s mi]
T R R EEE T Y E Y A L L T Y - e o Y - L i
e NN NN ANNNNNNEREREE OO = NNNNNN N OO OO~ — = AN NMNND OO @— =~
L I T T T T . T . T T T T T T T T T T T T T O T T e O O N T O O S L L =
Loy L0y 0 Y W MY L U0 U0 U U U0 U0 L0y LY Y LY UM U U DY Y LY LY LY Y LY LY UM U RO Y LY WY LY WY LT LY LT T T U U Y U T U Y B U
OO NI N NN O N N OIS OO OO B N O OO OO 0 0 O 0N BN O O O O o OO O OO O OO
LI & ® w & & & & & = 3 & 9 * 2 B s & & B 9 » L] ® % B % 4 & & ®F & % B 8 8 & & ®m OB 8 * ® & W & 4 »L
COoOOO0OO00OOOOCoOoOOoOCOoOOOoOO00oCODoOOO0OoCLOOoOOoOODoOoOCDCCoO00OCCoOOoD

4 & 8 ® ® » L . 8 [ [ . & L N N

000000000000000000000000000000000000000000000000000 ™~

D.24

castor-v/21 does not use the

radr radtation modat

0/radr/h

o
1.0,0,20~7,0,0.5,1,0,~0,05

0,0,1e-3,0.2

1/radr/Ireq
0,0,1,0

¢]
1/radr/i+4

g
1/hydro

1/reba
20.0,1



0.1e-12,1,0,1,0,2,0,47.0,2.0,25,0,

183%0,0
1/hydro/spacs vis Inslde

1/hydro/specs vis boundary

1

0.65%e+6,483,0,0,453450-3

0.0,0.0,-1,0
1/hydro/monitor/my

0
1/Mydro/monitor/mz

1/hydro/monttor/mx
4

0.794a-4,0,35% -6
4

9,20,2
9,20,16
22,20,16
9,20,25
0,0,0
0,0,0
2,20,16
8,20,16
23,20, 16
2,24,16
0,0,0

"
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1/propm/ay

0
1/propm/faz

0
1/propm/axi

-1.0,6%0
-1.0,6%0
-1,0,6*0
0



0.67,1,23,2,47,2,2
0.62,1,23,2,47,25,25
0.65,2,3,11,11,3,24
0.65,2,5,16,20,3,24
0.65,2,5,29,31,3,24
0.65,2,3,38,38,3,24
0.65,8,9,20,20,3,24
0.65,8,9,29,29,3,24
0.65,21,22,20,20,3,24
0.65,21,22,29,29,3,74
-1,0,6%0

t/propm/ayi
0.67,2,23,2,46,2,2
0,62,2,23,2,46,25,25
0,65,6,6,3,4,3,24
0.65,6,6,16,17,3,24
0,65,6,6,31,32,3,24
0.65,6,6,44,45,3,24
0.65,6,8,22,25,3,24
0.65,6,8,25,26,3,24
0,65,15,15,22,23,3,24
0.65,15,15,25,26,3,24
-1.0,6%0

1/propm/azi

0

0.1e-6,2,4,9,13,2,2
0.10-6,2,4,36,40,2,2
0.1e~6,13,17,22,27,2,2
0.16-6,2,4,2,2,2,2,
0.1e-6,2,4,47,47,2,2
0,1e-6,24,24,22,27,2,2
0,1e=6,2,4,16,16,2,2
0.le=6,2,4,33,33,2,
0. 1e-6,10,10,22,2
0,1e-4,2,4,22,22,
0.1e-4,2,4,27,2
0.10-4,4,4.23.2

2
'2P2
2
» 2

2

*

1,1
0.88.4.4.38.38,
88,15,15,22, ,
,15,15,27, ,
3.21,5,13,3,24
3.21.36,44,3,24
11,2,5.3,24
11,46,47,3,24
5,24,15,18,3,24
3,24,31,34,3,24
-6,13.16,10.13,3,3
,13,13,9,9,3,3
. ’17!17"33?3:5’3
.12,13,13,13,13,3,3
.le-6,13,16,36,39,3,3
.4,13,13,40,40,3,3
0,4,17,17,36,36,3,3
0,12,13,13,36,36,3,3
0,1e~6,13,16,10,13,10,10
0.4,13,13,9,9,10,10
0,4,17,17,13,13,10, t0
0.12,13,13,13,13,10,10
0.1e-6,13,16,36,39,10, 10
0.4,13,13,40,40,10,10
0,4,17,17,36,36,10, 10
0,12,13,13,36,36,10,10
0.1e-6,13,16,10,13,15,15
0,4,13,13,9,9,15,15
0,4,17,17,1%,13,15,15

:
2
7,2
6,2
,2,2
2,2
2,2,2
7,2,2
3 ,3,2
1 ’
,8
,8,
.2
)2
a

88
9,
5
2
7
7
7
1
4
4
1
1
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0.12,13,13,13,13,15,15
0.18-6,13,16,36,39,15,15
0.4,13,13,40,40,15,15
0.4,17,17,36,36,15,15
0.12,13,13,36,36,15,15
0.1e-6,13,16,10,13,23,23
0.4,13,13,9,9,2%,23
0.4,17,17,13%,13,25,23
0.12,13,13,13,13,25%,23
0.1e-6,13,16,36,39,23,23
0.4,15%,13,40,40,23,23
0.4,17,17,36,36,23,23
.12,13,13,36,36,23,23
,6,2,47,3,24
4,20,20,3,24
,29,29,3,24
1,11,3,24

1
5
5
5
4
4
4
4
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