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PROJECT OBJECTIVES

To provide technical assistance to NRC in the assessment of
coupled thermal-hydrological-mechanical phenomena and site
characterization activities for high-level waste repositories.

ACTIVITIES DURING MARCH 1986

Activities and Accomplishments

During the month of March, substantial effort was devoted to
the CorStar Benchmarking Project. The computational mesh was
generated and the input data deck prepared for the STEALTH
formulation of Problem 5.2. Occasional consultation with SAIC
was necessary due to the incomplete documentation of input
instructions for some of the newer capabilities of STEALTH. In
attempting to model Problem 5.2, two "bugs" were found in the
STEALTH code by K. Wahi. These were reported to SAIC and
appropriate corrections were made. In addition, Fortran logic
had to be developed at SNLA to approximate convective losses
since the standard waste isolation version of STEALTH does not
have this capability. A sample 10-cycle computer run of
Problem 5.2 has been made and the results are currently being
analyzed. In the current STEALTH formulation of problem 5.2. a
severe time-step restriction exists in order for the thermal
response calculation to be stable. In order to increase the
time-step size, gross modifications of the source geometry and
mesh resulting in a coarse spatial resolution will be
necessary. Through discussion with Dr. D. Vogt, an agreement
has been reached on how to resolve this problem. The STEALTH
input files for the salt and basalt problems will be sent to
Dr. D. Vogt in the near future.



K. Wahi and L. Shipers travelled to Silver Spring, Mayland for
NRC meetings on March 24 and 25 to discuss issues related to
the BWIP exploratory shaft test plan and review the SCP. The
meeting was chaired by Mr. J. Buckley, and NRC staff and other
consultants were present. A trip report will be prepared and
attached to the April monthly report.

A written review of an NRC draft working paper on thermal
considerations for waste package emplacement was prepared at
Dr. Pearring's request. A copy of the draft comments was given
to Dr. Pearring. Following SNLA management approval of the
written review, finalized comments will be sent to the NRC.

The report on the computer code USRC3D was completed. As
discussed in previous monthly reports, this code is a
3-dimensional thermal model of a conducting medium with an
embedded finite volume heat source. A draft of the report and
a floppy disc containing the Fortran source code, the
executable file, and the input and output data files for the
sample problems discussed in the report is included in this
monthly report.

Travel

K. Wahi and L. Shipers travelled to Silver Spring. Maryland on
March 24 and 25, 1986, to attend NRC meetings.

Problems Encountered

None.
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VSRC3D: A 3-Dimensional Thermal Model of a Conducting
Medium with an Embedded Finite Volume Heat Source

by

L. R. Shipers

and

K. K. Wahi

Abstract

A computer code to based on an analytical solution calculate
the temperature distribution resulting from a transient finite
volume heat source embedded in a conducting medium is presented.
A 3-dimensional model is used to simulate either a semi-infinite
or an infinite conducting medium. Either constant temperature or
constant flux boundary condition may be specified for the semi-
infinite case. The infinite medium may be composed of either a
single material or a two material composite medium with a planar
contact. All thermal properties must remain constant; i.e., they
cannot be a function of temperature. The analytical solutions,
computational implementation, input data description, and sample
problems are included in this report.
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1. Introduction

This work was undertaken in an effort to produce a small
scale, efficient computer code to simulate a conducting medium
with a finite volume embedded transient heat source. The effort
centered on generating a code that would run on a personal
computer in a reasonable period of time yet retain enough
complexity to realistically simulate a physical situation. It
was also desired that the input data required to run the code
remain as uncomplicated as possible so that the amount of time
required to "learn" the code would be minimized. The VSRC3D
computer code presented here satisfies these requirements.

The VSRC3D computer code uses a 3-dimensional model to
generate the temperature distribution resulting from a finite
heat source embedded in either a semi-infinite or infinite
region. In the case of a semi-infinite region, either a
constant temperature or a constant flux condition may be
specified on the plane surface boundary. The infinite region
solution may be calculated for either a single material or a
two material composite region with a planar interface. In all
cases considered, constant properties are required. The thermal
output is currently specified by a piecewise linear function, but
any function of time may be supplied by the user by modification
of the heat source subroutine.

In Chapter 2 the analytical solutions used by the VSRC3D
computer code are presented. Chapter 3 describes the
implementation of these analytical solutions and the structure of
the code. The subroutines and necessary input data are also
discussed in detail in this chapter. Three sample problems that
illustrate the applications and use of the code are presented in
Chapter 4.

2. Analytical Solution

The analytical solution for the temperature distribution in
a conducting medium due to an embedded finite volume heat source
was developed for three geometries: an infinite region, a semi-
infinite region with specified temperature or flux boundary
conditions, and an infinite composite medium. In all cases, the
specific heat, density, and thermal conductivity of the
conducting medium were assumed to be constant. It was also
assumed that the conducting medium was initially at thermal
equilibrium and that the transient thermal output of the embedded
heat source was known. The physical situation considered is
shown in Figure 1. The heat source was assumed to be a 3-
dimensional slab located a distance d below a reference plane.
The x, y, and z dimensions of the heat source were given!
respectively, by a, b, and c. The origin of a Cartesian
coordinate system was located on the reference plane above the
center of the heat source. This reference plane is the boundary
for a semi-infinite medium or the plane of contact for the
composite medium.
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( x 3 Z Reference Plane

T- b

Figure 1. Physical Situation

2.1 Infinite Region

For the case of an infinite medium, the governing
differential equation for temperature is expressed as

.- T .1E:2T .iT 1 1 it
- + . + ~-+-- (xyzt) 1

where the thermal diffusivity, a::, is given by

!-; (2 )
iC

p

and ;, 1:, and C are, respectively, density, thermal

conductivity, and specific heat. The initial condition is

T(xyz,O) TI-1(z) (3)

and the domain is infinite. The thermal output of the heat
source is defined as

g (x,y,z,t) = g(t)cu(x + 2 - u(x - 3)ju~y + 2)

- u(y - )Eu(z + 2) - u(z - -2) (4)
2 2 2

where U(-T) in the unit step function defined by



4

0 -T < 0
u(T) = (5)

1, .-r > 0

Eq. (1) was solved by applying the Green's function method.
From E1, the solution may be expressed as

T(xyzt) = |G(x,yztIx',y',z',O)T.,:(z')dx'dy'dz'

C.t
+ - | G(x,y,z,tIx',y',z',T)g (x',y',z', )dx'dy'dz'd; t6)

O ni' -

where G(x,y,z,tIx',y',z',7) represents the solution of the
analogous homogeneously problem with a zero initial condition and
an impulse point heat source of strength unity located at x', y',
z' that instantaneously releases its heat at time or. The first
integral term in Eq. (6) represents the change in temperature due
to a non-uniform initial temperature profile. Since it is
desired to examine only the effect of the heat generation, this
term was replaced by the initial temperature profile given in Eq.
(3), resulting in

T(x,yz,t) T!(Z) + * | | G(x,y,z,tIx',y',z',r)

c g (x',y',z',il)dx'dy'dz'd1;: (7)

Note that this is consistent with the assumption that the
conducting medium was initially at an equilibrium state since, at
large times, the solution will approach the initially specified
temperature profile rather than the uniform profile normally
associated with an infinite medium.

The 1-dimensional Green's function for an infinite
conducting medium is (see E1l)

' 1T (t l) P4-(x - ;:) ~ (8)Gox,tlx',T-',) =_____ exp (( -1:

4TTr,. ( t - -

Since the heat source given in Eq. (4) can be expressed as a
product of functions x, y, and z, a product solution may be used
to express the 3-dimensional Green's function in an infinite
medium as

G(xy,z,tIx',y',z',T) exp -(X -X

C 4Tr~( t I x c(
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x _ y t ) el ex ( Z 2c.zt )
- " 4,:i.( t - T ) (9)

When Eqs.
definition
temperature
becomes

(3) and (9) are substituted into Eq. (6) and the
of the unit step function, Eq. (5), is utilized, the

distribution in the infinite conducting medium

t c+d~b/2 .a/2
T(xsyzt) = - ' J(t)

* 0 t4nr,(t - An.) c -b/2 -a/2

-( x - x , ) "
- - "' 4,:e: ( t - ;. )

o exp - (y - y;) ex - :(Z - Z,), dx'dy'dz'd-- + T..(z)
By. i th - d)in i e op t - function

By introducing the definition of the error function

( 1O)

erf 7:) = . -1 e x p( -Ji" ) d Y)
.T 0

( 11 )

Eq. (10) may be expressed as

T(x,y,zt) = T,...(z) +
....

( x _ :a))(

- erf " - 2 (er f
4,:,{( t - -1

o (erf (z - d)

4t--.\(t - -r)

a

?- |' g(9 () erf , =

(y + b) (y- b)

2 _ erf 2_(-
4,-:. ( t - r) 4!4 ( t - ,;>J

- erf (z - c -d)) d;-
'4 .( t - -, ,

(l12!

2.2 Semi-infinite Remion

In the case of a semi-infinite region, the domain was
limited to the half-space below the reference plane where z . C
(see Figure 1). The governing equation, Eq. (1), initial
condition, Eq. (3), and the thermal output from the heat source,
Eq. (4), remain unchanged from that given in the case of the
infinite region but, it is necessary to specify a boundary
condition on the reference plane in the case of the semi-infinite
region. The option to specify either a constant temperature
boundary condition, Eq. (13a),

T(x,y,Ot) = Ts (13a)

or a constant flux boundary condition, Eq. (13b),
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Q = --*Tt F(13b)

is included in the analysis. The temperature distribution may
again be expressed in terms of Green's functions as

T(x,yzvt) = T O(z) + :-: F(z,t)

t
+ - | | i G(xyzgtlx' ,y',z' ,.)g xy ,z ,)dx'dy'dz'-d- (l)

where the additional term, introduced by the non-homogeneous
boundary conditions, is given by

IT - T,-(0)] 3 iJ dx'dy'dv for Eq. (13a)

F(z,t) = .. -'('015)*t
| | GOx,y,ztIx',y',O, )dx'dy'd- for Eq. (13b)

As before, the first integral term was replaced with the
specified initial temperature.

The 1-dimensional Green's function for a semi-infinite
medium is

G~ztIz',T) 411 ( (exp 4z Z_ -(Z + Zt_) (16)

where the minus sign is used when the reference plane temperature
is specified and the plus sign is used when the flux is specified
as the boundary condition. A product solution may again be used
to express the 3-dimensional Green's function in a half space as

1ad -: -t--T)]-/" P4tG-x(ybz~tly',- 'T) / -- )exp t -+T)

° exp 40(t_ ) (exp (e,. ti> _ exp (17)

with the appropriate sign chosen for the desired boundary
condition. When Eqs. t4) and (17) are substituted into Eqs. (14)
and (15), the integrals are evaluated, and the error function,
Eq. (11), is introduced, the temperature distribution in a semi-
infinite medium may be expressed as

T(xyz,t) = T_,(z) + - i (TC) (erf ; - erf _ 2
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b ~~~~~b/ ~~(y +) (y i
e terf 2 +erf er2 ) [rf z _d)

4:( t - -1:) 44i-(t - -) 4,-.(t - T)

z -c- d) t r (z + d) (z + c +d l
-f� (edt erf - T) Li

[ETs T,,(O)) erfc - for Eq. (13a)

+ 'ct(18)

9 5[( r ) ep At- erfc _ for Eq. (13b)

where the minus sign is chosen for the case of a constant
temperature boundary condition and the plus sign is used for a
constant flux boundary condition. The complimentary error
function is defined as

erfct) 1 - erf(:) (19)

2.3 Infinite Composite Medium

The reference plane was specified as the dividing plane
between the two different materials considered in the study of
the infinite composite medium. This analysis required the
solution of a pair of coupled partial differential equations used
to describe the temperature in the conducting medium. For the
region below the reference plane (z : 0) the governing
differential equation for the temperature is

, T _ T + iT. + 1 1 (-yt) 1 T -T2C)
+ + - g Y t .t

%-7y ~~~5

with the initial condition

T.(x,y,z,O) = T,(z) (21)

where the subscript denotes the temperature and material
properties of this region. The thermal output defined in Eq. (4)
was again used to describe the heat source that exists in this
region. Above the reference plane (z 0 0) the governing
differential equation and initial condition are

* J + 2T. + _ 1 2r (22)

T..(xyzO) = T,.(z) (23)

where the subscript again represents the temperature and material
properties in this region. These two differential equations are
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coupled with compatibility conditions requiring the temperature
and the flux to be continuous at the reference plane. These two
conditions are given by

TI(xly,O,t) =T.;(x~y,O,t)

(24)

z0 =

In order to solve these coupled partial differential
equations, first consider the case of the analogous 1-dimennional
problem given by

7i + ,.;;(t);(z') zC) (25a)
i 4C~~~~~~~~~i

::izi. - t z (25b)

(Z50) = 4' .(z,) = 0

*1(Ot) = (0,t) (25c)

:1. -i~z I = 'I

where ,:;-.C() is the Dirac delta function defined by

.-;;( £. ) = = ( 26)

Note that the first equation of this system includes a source
term of unit strength located at z' that instantaneously releases
all its heat at time zero. It is this type of source term that
is used to develop the Green's function for a given differential
equation E1l. Paralleling a procedure presented in [2), this
system of partial differential equations was transformed into a
system of ordinary differential equations by defining the Laplace
transform as

,,

:..Z's) = :(~)e dt 2!

Applying this definition to Eqs. (25a), (25b) and (25c) results
in

dzC t
- - 5 z,) =-l z - za) z 0 (2Sa)

(z.J. Z
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- - i(zS) 0 Z 0 (28b)

(01s ' O)s

(28c)

dz Z=O Idz = O

The homogeneous solution to this system of differential equations
has the form

A exp(- c.z) + B.exp(-,iz) (29)

where

= (~~~ )1/~~~ (30)

In order for (zs) to remain bounded as z approaches infinity

B must be zero. Similarly, A- must be zero so that ;;(z,5s)

remains bounded as z approaches negative infinity. Next, the
particular solution of the differential equation for `..(z,s) must

be determined and added to its corresponding homogeneous
solution. Since the non-homogeneity in this equation is the
result of a source term of the same type as is used to develop
the Green's function C11, it was assumed that the particular
solution had the same form as the 1-dimensional Green's function
for an infinite medium. Applying the definition of the Laplace
transform to the functional form for this Green's function given
in Eq. (8) and adding the result to the remaining portion of the
homogeneous solution of ''`;(zs) results in

Erz (zsA) = B exp(-;z) z 0 z (32b)

The two remaining constants in Eqs. (32a) and (32b) are evaluated
using the compatibility conditions in Eq. (28c), resulting in

r zs ) exp(- Iz - Z')

a;- 1
+ + I exp[--; (z + z') z ; 0 (33a)
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KI;zs5) = ep-1 + Z expt.z - '') z 0 (33b)

where

P i. () (34)

The inverse Laplace transform of Eqs. (33a) and (32b) is

(z,t) ._ t (z

(" 4t (b

+ ~:; - 1 -(Z + Z (,

exp functional form of0 (35a) a i

2 1 -z - :z')
z , __ Z~ 0 (¶35b)

''.4i. ~ 14- t

where

The functional form of Eqs. (35a) and (35b) is the same as
the previously presented infinite medium Green's functions, so
that these two solutions can be thought of as two separate
infinite medium problems with appropriately located heat sources.
As such, the product solution should apply for the consideration
of the associated 3-dimensional problem. Thus for a unit point
heat source located at x = x', y = y', z = z', (z' > 0) that
instantaneously releases all of its energy at t 0, the
temperature distribution can be expressed as

1 1~~~~x - x'
(x,yz,t) = 'a. ( -V.- exp exp

-z Z')-' f -(Z + Z)~
(xp 4L.jt g t 1 xp( + z 0 (37a)

4r(xsyszt) = + 1 ex 4 ,

21 -(x - x
.-(xqyqzqt) = :: /.. 1 + yp exp

(4TR-e_.t
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- ( y - Y X , :rZ; -z

exp exp 4 Z 0 (37b)

by employing the functional form of the 1-dimensional Green's

function given in Eq. (8). When the heat source becomes a

function of both space and time, the solution may be expressed in
terms of a sum of point heat sources by integration as follows

- i(xyszlt) = t | g |x|yz; : exp 4 - ;)O" j 4. (t -

exp Y Y ) -ep4.(t :

+ evp -(z +Z') dy'dy'dz'd- (3G)
+ + 1 exp 4:, (t - T)J'yZ

for z ; 0 ard

4- (xyszt) = (x',y',z I.> 2
: ° ;>; -i:' -i C4! *.. (t - 3

-( x - X ) - ( y - y ) -(z dY'd'd'd (39)

e* p 4-: (t - r) p 4 (t - t -

for z 0 where g(x',y',z', ) represents the thermal output of

the heat source. Eqs. (36) and (39) are, respectively, the
solutions to Eqs. (20) and (22) for the case of homogeneous
initial conditions. Since the system was assumed to be initially
in thermal equilibrium, superposition can be used to include the
nonzero initial conditions given in Eqs. (21) and (23). Using
this, along with the expression for the thermal output of the

heat source given in Eq. (4), the temperature distribution in the
infinite composite medium can be expressed as

1 (X

T (xjyzlt) T.(z) + g(;| ") erf ___
0 ' 4,-:-.. (t 1:

a bb

- rf e22 ) erf (y- )
4 '.!- t - C:) 1 t 4,.f tt ;)
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(z - d) (z c d) I (z d d)o [erf - erf - lerf
- 4,:,i~~~t -c T)4-(t T)41t

erf (z + c + d))]d z 0 (40

i.

;!,. lo - "I") r

+ (er(fT 2 (x,y,z,t) T~( z) 4 (f

a bb

erf (x-2) )(erf 2 -erf2) )

r 4' (t - T) 4 (t - -t 4 (t -

/ (erf (z - id) erf CZ - rTc + d)) d z ° (41)
4 t trf- ) d4 z 0 4t 1)

after the integration is performed and the definition of the
error function is introduced. It should be noted that when the
same material is specified above and below the reference plane
(i.e. i-; = 1, o-= :x, ; = >; ) Eqs. (40) and (41) reduce to

the solution presented in Eq. (12) for an infinite medium.

3. Computational Formulation

In an effort to more readily implement the results presernted
in the previous chapter, the analytical solutions for the
temperature distributions below the reference plane (z 0) were
combined into a single expression of the form

t ~~(x + -
Tr(xsysz,t) = T ,(z) + 8 9(. g ) erf 2

~0 ' ~ 4-:. (t-

a ( + b) b
2) (ef2 _______

- rf e ) rf _ -erf )

4t -1 ' (t 4)(t -

r (z - d) - (z - c - d) a 1 (z + d)
e~~~ erf --n (erf - r

- 4, t - -T) 4'.!' (t -7 ) l4|--1(t - r)

-erf (z T)]dT + a (1 -erf - )+ a t exp t (42)
4::. * (t - )J4,. ~t 4 I..
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Table I

Coefficients for Eq. (42)

t. -

Case a t I a

Temperature B.C. 1 T - T..!(O) C

Flux B.C. -1 -Q i 2 -s

CmoieMdu 1 - .: 0
Composite Medium i. 0 0

where the values of a 1, a., and a are given in Table I for the

cases considered. Recall that a solution for the case of a
single material infinite medium will result if the composite
medium solution is used in conjunction with the requirement tha;t
the same material properties are specified above arid below the
reference plane. In the cases where applicable, the temperature
distribution above the reference plane (z 0) was evaluated
using Eq. (41).

In order to numerically evaluate the integrals in Eqs. (41)
and (42) it is necessary to specify the functional form of the
time dependence of the thermal output of the heat source. A
piecewise linear function of the form

g(t) =

0

mit

m' tA.1

m t
k
0

+ bI

+ b

+ b

t < t .

t < t <

t. < t <

tk-1 <t

t > tk

(43)

t.

t,

< tk

was used. The computer code currently allows the thermal output
to be specified at a maximum of 40 points in time. As a result
of this, the heat source thermal output can be constructed of a
maximum of 39 linear segments. It should be noted that the
structure of the computer code will allow any functional form for
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the thermal output of the heat source by modifying the function
subprogram QHT(T), which evaluates this function.

The algorithm developed to numerically evaluate the
integrals in Eqs. (41) and (42) employs Gaussian quadrature based
upon Legendre Polynomials. This numerical procedure allows up to
40 quadrature points with valid numbers of quadrature points
being 2, 3, 4, 5, 6, 10, 15, 20, and 40. The default number of
quadrature points, which is set when an invalid number is
specified, is 6. When the number of quadrature points is
increased, the accuracy of the numerical integration is increased
but the computational time required to evaluate the integral also
increases. The functional form of the transient thermal output
of the heat source may be used to help determine the number of
quadrature points to specify. The smoother this functional form
becomes, the fewer quadrature points that will be necessary to
generate an accurate solution. In general, if it is desired to
evaluate the temperature at only a few points in time and space,
a large number of quadrature points may be specified without
strongly effecting the required computational time. For a large
number of temperature evaluations, a smaller number of quadrature
points should be initially specified in an effort to avoid
excessive computational times. The effects on the solution of
the number of quadrature points used should be explored. While
the analytical solution developed in the previous chapter allows
a z-direction dependence of the initial temperature, the computer
code requires that this quantity be a constant. This was done in
order to simplify the input data for the code.

The flow chart for the computer code VSRC3D is shown in
Figure 2. All data input and output is performed in the main
program using the default input (keyboard) and output (screen)
devices. While specific data files could have been used for
input and output, this is not necessary for IBM personal
computers since the input and output data can be easily routed to
the appropriate files by redirection of the standard input and
output devices. This is accomplished by appending the
appropriate file names to the execution command (see £3)). It
should be noted that the loop for temperature evaluation at
multiple times is within the loop for evaluation at multiple
spatial locations. This was done so that the integrand
arguments, with the exception of the time dependence, would be
evaluated only once for a given spatial location in an effort to
minimize the computational time of the code. The locations and
times for temperature evaluation may be specified in any
arbitrary order because the individual calculations for a given
time and spatial location are independent of one another.

3.1 Computer Code

The computer code is composed of the main program, VSRC3D,
three subroutines: GLQUAD, HTSC, XYZV; and three function
subprograms: ERF(X), FNCT(T), QHT(T). A description of each of
these follows. The subroutine structure of the computer code is
shown in Figure 3.
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Input region type and
boundary values

Input thermal properties
and ambient temperature

Input heat source data and evaluate slopes and
intercepts for piecewise linear heat source

Input number of spatial locations
for temperature evaluation

_Input spatial location for temperature evaluation
and calculate integration arguments

Input number of time intervals
for temperature evaluation

Input time interval and number
number of quadrature points

Calculate temperature and print results

no |Has temperature been evaluated|
at all time intervals ?

F es

no_____ Has temperature been evaluated

at all spatial locations ?

I yes

Stop

Figure 2. Flow Chart of VSRC3D
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Figure 3. Subroutine Flow Chart

Main program: VSRC3D

calls: GLQUAD, HTSC, XYZV

The main program performs all data input and output using the
default input (keyboard) and output (screen) devices.
Programming loops have been included that allow the temperature
to be evaluated at multiple spatial locations and times.

Subroutine: GLQUAD

called from: VSRC3D

calls: FNCT(T)

GLQUAD performs a Gaussian-Legendre numerical integration
allowing a maximum of 40 quadrature points. Valid numbers of
quadrature points are 2, 3, 4, 5, 6, 10, 15, 20, and 40. The
default number of quadrature points, which results when an
invalid number is specified, is 6. Recall that when the number
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of quadrature points specified increases the computational time
also increases.

Subroutine: HTSC

called from: VSRC3D

HTSC calculates the slopes and intercepts of the piecewise
cpntinuous time dependent thermal output of the heat source. If
an alternate function of time is used for the thermal output of
the heat source, this subroutine may not be necessary or may
require modification.

Subroutine: XYZV

called from: VSRC3D

XYZV evaluates the spatial location arguments of the integrand
and specifies the coefficients of Eq. (42). This subroutine is
called each time a new spatial location is specified. The same
argument values are used for temperature evaluation at multiple
times at a fixed spatial location.

Function subprogram: ERF(X)

called from: FNCT(T)

ERF(X) evaluates the error function of X. A fifth order rational

expansion from [43, accurate to within 1.5 x 10 , was used to
evaluate the error function.

Function subprogram: FNCT(T)

called from: GLQUAD

calls: ERF(X), QHT(T)

FNCT(T) evaluates the integrand of either Eq. (41) or Eq.(42).

Function subprogram: OHT(T)

called from: FNCT(T)

QHT(T) evaluates the thermal output of the heat source at time T.
While a piecewise continuous time dependence is currently used.
any functional form may be used by modifying this function
subprogram. If an alternate functional form is used, the thermal
output at time T should be assigned to the variable QHT in this
function.
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3.2 User Input Data

This section contains a description of the input data used
in VSRC3D. The data set is composed of three blocks of "cards"
or lines and is listed in the order of occurence. Variable names
and input formats are included in this description. All input
data should be right justified within the specified card column
field. The computer code contains no specified dimensional
constants, so that any consistent set of units (or dimensionless
parameters) may be used.

Block 1 - region type and thermal properties

Card 1 (110,2F10.0)

Card Variable
Field Column Name Description

1 1-10 IBC

ZBC

select problem type

specified boundary value2 11-20

3 21-30 TAMB ambient temperature

Permissible values of IBC are defined in terms of the region type
and the type of boundary condition in Table II. ZBC is the
numerical value of the appropriate specified boundary condition
(temperature or flux) at the reference plane (z = 0).

Card 2 (6F10.0)

Card Variable
Field Column Name Description

1 1-10 CP(1 )

RHO(1)

specific heat, z > 0

density, z > 02 11-20

3 21-30

4 31-40

5 41-50

6 51-60

TK 1 )

CP (2)

RHO(2)

TK (2)

thermal conductivity, z > 0

specific heat, z < 0

density, z < 0

thermal conductivity, z < 0

When a semi-infinite region is specified (IBC = 1 or 2) only the
first three entries on this card are necessary. For the case of
an infinite region (IBC = 3) all six entries are required.
Recall, a single material infinite region solution will be
generated by specifying the same thermal properties above and
below the reference plane.
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Table II

Region Type Specification

t.

IBC Region Type Boundary Condition

1 semi-infinite temperature

2 semi-infinite flux

3 infinite not required

Block 2 - heat source data

Card 1 (110)

Card Variable
Field Column Name Description

1 1-10 NO number of data points
describing heat source

A minimum of 2 and a maximum of 40 data points may be used to
describe the piecewise linear thermal output of the heat source.

Card 2 thru NO + 1 (2F10.0)

Card Variable
Field Column Name Description

1 1-10 T1 time HTSCRE is specified

2 11-20 HTSCRE thermal output at time Ti

Card NQ + 2 (4F10.0)

Card Variable
Field Column Name Description

1 1-10 AA x-dimension of heat source

2 11-20 BB y-dimension of heat source

3 21-30 CC z-dimension of heat source

4 31-40 DD distance between reference
plane and heat source
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Note that these quantities are labeled in Figure 1 as a, b, c,
and d.

Card NQ + 3 (110)

Card Variable
Field Column Name Description

.

l 1-10 NL number of spatial locations
where temperature is to be
evaluated

The following data block must be repeated in order to specify
multiple spatial locations.

Block 3 - spatial location and time data

Card 1 (3F10.0)

Card Variable
Field Column Name Description

1 1-10 x x

Yy

x-location of point of
temperature evaluation

y-location of point of
temperature evaluation

2 11-20

3 21-30 2Z z-location of point of
temperature evaluation

The origin of the rectangular coordinate system is located above
the center of the heat source on the reference plane (see Figure
1). ZZ must be greater than zero unless the case of an infinite
region (IBC = 3) is specified.

Card 2 (110)

Card Variable
Field Column Name Descriotion

1 1-10 NT number of times temperature
is to be evaluated at the
specified location

Card 3 thru NT + 1 (Il0,F10.0)

Card Variable
Field Column Name Descriotion

1 1-10 M number of quadrature points

2 11-20 TIME time of temperature evaluation
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Valid values of M are 2, 3, 4, 5, 6, 10, 15, 20, and 40. The
default value, which results when an invalid value is specified,
is 6. The temperature in the entire region is assumed to be
initially at the ambient temperature at time zero. Note, the
cards in Block 3 must be repeated for each spatial location
specified (NL times).

4. Sample Problems

Three sample problems will be presented in an effort to
illustrate the input specification and applicability of the
VSRC3D computer code. The problems considered here have
application to the methodology for assessing the risk from the
geologic disposal of radioactive waste being developed by the
Waste Management Systems Division of Sandia National
Laboratories, Albuquerque. Specifically, a hypothetical waste
repository in bedded salt discussed in detail elsewhere [5] will
be considered.

4.1 Sample Problem 1

Sample Problem 1 is a 3-dimensional formulation of Sample
Problem 2 presented in the DNET computer code user's manual [5].
In this problem, a 1100 acre high-level waste repository was
assumed to be located in a layer of bedded salt at a height of
2814.81 ft. above datum. In order to be consistent with the
problem statement in [5), a semi-infinite region with a specified
temperature boundary condition (IBC = 1) was used to model the
thermal medium. The reference plane was located at a height of
3363.06 ft above datum so that the repository is located a
distance of 548.25 ft. below the reference plane. The temperature
specified on this boundary was set equal to the assumed ambient

temperature of 1 1 0 Ct. The repository was assigned a unit
thickness and a square cross-section (AA = BB = 6912.0 ft. for
1100 acres). The heat capacity, density, and thermal

conductivity of salt were specified as 0.27 BTU/lb F, 134.0

lb/ft:-, and 21915.0 BTU/yr ft ::tF, respectively. The 11 points
used to describe the thermal output of the repository are the
same as those used in [5] and are given in Table III. The
temperature was evaluated at two locations above the center of
the repository (XX = YY = 0). The first point was located at the
upper repository surface (ZZ = 548.25 ft) and the second point
was located 200 ft below the reference plane (ZZ = 200 ft). At
both these spatial locations the temperature was evaluated at 5
year intervals for the first 100 years, 20 year intervals for the
next 400 years, 50 year intervals for the following 500 years,
and 100 year intervals for the last 1000 years. This resulted in
the temperature being evaluated at 50 points in time over a
period of 2000 years. In all cases, 40 quadrature points were
used to evaluate the integrals given in Eq. (42). The input data
for Sample Problem 1 is given in Appendix A.
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Table III

Thermal Output Data Points

.

Time(yrs) Thermal Output (BTU/yr ft-)

0 39420.00
10 27813.00
30 16461.50
50 10147.00
100 3467.50
150 1533.00
200 912.50
300 602.25
400 503.70
500 441.65
600 394.20

The output of Sample Problem 1 is given in Appendix B. In
an effort to verify the VSRC3D code, a similar calculation was
performed using both the 1- and 2-dimensional models currently
available in the DNET computer code. In the 1-dimensional DNET
computer code thermal model, an infinite planar heat source was
located at the repository elevation. The DNET 2-dimensional
model is formulated in a cylindrical coordinate system and uses a
planar disc located at the repository horizon as the heat source.
For purposes of comparison, this planar disc was specified to
have the same effective cross sectional area (1100 acres) as the
3-dimensional model in VSRC3D. The results of these calculations
at the two previously specified spatial locations are given in
Table IV. Recall that the ambient temperature in all cases

considered was 110 Ct. As can be seen, the agreement of the
results for the points considered is quite good. The geometry of
the systems considered is such that the results of the 2- and 3-
dimensional models should approach those of the 1-dimensional
model due to the large cross-sectional area of the heat source
and the spatial locations considered. The slightly lower
temperatures calculated from the VSRC3D computer code are a
result of the truly 3-dimensional nature of the model.

In order to compare the computational time required to
generate a temperature history, driver main programs were written
for the 1- and 2-dimensional thermal calculation subroutines in
the DNET computer codes. Using these computationally equivalent
codes, the calculations in Table IV were repeated and the
required computational times were compared with those of the
VSRC3D code. Using the computational time of the simple 1-
dimensional model as a base, the 2-dimensional DNET model
required almost 40 times as much computational time to generate
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Table IV

Comparison of VSRC3D and DNET Results

Temperature (-C'F) 200 ft Temperature ('IF) at

below reference plane repository boundary

Time 1-D 2-D 3-D 1-D 2-D 3-D

(yrs) DNET DNET VSRC3D DNET DNET VSRC3DL

5
15
25
35
45
55
65
75
.85
95

110
130
150
170
190
210
230
250
270
290
310
330
350
370
390
410
430
450
470
490
525
575
625
675
725
775
825
875
925
975

1050
1150

110.0
110.3
112.2
115.3
118.8
122.0
124.8
127.1
128.8
130.2
131.4
132.0
131.7
130.9
129.9
128.8
127.7
126.6
125.6
124.7
123.9
123.2
122.5
121.8
121.3
120.7
120.3
119.8
119.4
119.1
118.5
117.8
117.2
116.4
115.6
115.0
114.5
114.1
113.8
113.5
113.1
112.7

110.0
110.3
112.2
115.3
118.8
122.1
124.9
127.2
128.9
130.3
131.5
132.0
131.8
131.0
129.9
128.8
127.7
126.6
125.6
124.7
123.9
123.2
122.5
121.8
121.3
120.7
120.3
119.8
119.4
119.1
118.5
117.8
117.2
116.4
115.6
115.0
114.5
114.1
113.8
113.5
113.1
112.7

110.0
110.3
112.2
115.3
118.7
122.0
124.8
127.0
128.8
130.1
131.4
131.9
131.6
130.9
129.9
128.8
127.7
126.6
125.6
124.7
123.9
123.2
122.5
121.8
121.3
120.8
120.3
119.8
119.4
119.1
118.5
117.8
117.2
116.4
115.6
115.0
114.5
114.1
113.8
113.5
113.1
112.7

160.8
181.4
188.4
188.9
187.8
185.2
183.2
181.0
178.1
174.8
169.9
165.1
160.5
156.7
153.5
150.7
148.3
146.2
144.3
142.5
140.9
139.5
138.2
137.0
136.0
134.9
134.0
133.2
132.4
131.6
130.4
129.0
126.4
124.5
123.0
121.8
120.8
119.9
119.1
118.4
117.6
116.7

160.3
181.0
188.1
188.7
187.6
185.0
183.2
181.0
178.2
174.8
169.9
165.2
160.6
156.9
153.7
150.8
148.4
146.3
144.4
142.6
141.0
139.6
138.3
137.1
136.0
135.0
134.1
133.2
132.4
131.6
130.4
129.0
126.5
124.5
123.0
121.8
120.7
119.9
119.1
118.4
117.6
116.6

159.8
180.4
187.5
188.1
187.1
184.6
182.7
180.5
177.7
174.4
169.6
164.9
160.3
156.6
153.4
150.6
148.2
146.1
144.2
142.5
140.8
139.4
138.1
137.0
135.9
134.9
133.9
133.0
132.3
131.6
130.4
128.9
126.4
124.5
123.0
121.8
120.7
119.9
119.1
118.4
117.6
116.6
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the results in Table IV while the 3-dimensional VSRC3D model
required approximately 6 times as much computational time. While
the more general 3-dimensional model does require more
computational time than the 1-dimensional model, this increase in
computational time is significantly less than a previously
developed 2-dimensional model.

4.2 Sample Problem 2

Sample Problem 2 is a three part extension of the previous
sample problem that illustrates the different boundary condition
and region type options of the VSRC3D code. In Part A, a
constant flux boundary condition will be specified at the
reference plane. This modification of the problem requires that
only the first two entries on the first input data card be
changed. The first entry (IBC) must be changed to 2 in order to
specify a flux type boundary condition. Since it was desired to
specify the reference plane as an insulated boundary, the flu>.
at the boundary was specified as zero. This was accomplished by
specifying the second entry on the first input data card (7BC) as
zero.

In Part B, the temperature in an infinite salt medium is
calculated. This problem modification requires that the first
two cards in the input data file from Sample Problem 2A be
changed. The first entry on the first card (IBC) should be set
to a value of 3 in order to specify a solution in an infinite
medium. The second value on this card (ZBC) is not used for an
infinite medium solution and can assume any value. The second
card contains material property data. For an infinite medium,
six entries are required on this card. The first three entries
represent the properties of the material below the reference
plane and should remain unchanged from the values previously
specified. The three additional entries on the second card are,
in order, the specific heat capacity, density, and thermal
conductivity of the material above the reference plane. In the
case of a single material infinite medium the first three entries
are repeated.

An infinite composite medium was considered in Part C of
this sample problem. A semi-infinite layer of salt was assumed
to be capped by a layer of shale. The only modification
necessary to the input data used in Sample Problem 2B is to
change the properties of the material above the reference plane.
To accomplish this the last three entries on the second data
input card should be changed, respectively, to the specific heat

capacity (0.19 BTU/lb UF), density (137.3 lb/ft"), and thermal

conductivity (5568.0 BTU/yr ft -'F) of shale.
The temperature histories at the two previously specified

spatial locations resulting from Sample Problems 1, 2A, 2B, and
2C are shown in Figures 4 and 5. As can be seen from the
figures, the choice of the boundary condition and/or the region
type has no effect on the resulting calculated temperature for
early times, but as time increases a significant difference
results due the the choice of model type. Note that the
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insulated boundary condition, allowing no heat loss across the
reference plane, results in the highest temperatures at longer
times, while the specified temperature boundary condition
resulted in the lowest temperatures. The two infinite medium
cases resulted in temperature histories between the two semi-
infinite medium cases. The composite medium case, where the
shale with its lower thermal conductivity acts as an insulator,
resulted in higher temperatures at a given location at longer
toimes than the infinite salt medium. Note also that that
magnitude of the peak temperatures at a point away from the
repository surface depends upon the model type. Again, an
insulated boundary results in the maximum peak temperature.

It has been shown in this sample problem that the
assumptions embedded in the models used for the thermal analysis
of a geologic repository for radioactive waste can have
significant effects on the resulting time dependent temperature
distribution. While a period of time exists when the different
models seem to predict the same temperature distribution, the
length of this time period depends upon both the physical
characteristics of the system and the distance from the
repository. The resulting peak temperature at a point away from
the repository boundary are also significantly affected by the
assumptions of the thermal analysis.

4.3 Sample Problem 3

The third sample problem is verification exercise for the
composite medium portion of the VSRC3D computer code. The
results generated by the VSRC3D computer code were compared to
those generated from a 2-dimensional version of the STEALTH
computer code (6]. As in Sample Problem 2C, the repository was
assumed to be located in a layer of salt bounded above by a layer
of shale. The salt and shale properties were the same as those
presented in the previous example. The ambient temperature was
set to zero in this case so that the temperature rise could be
easily examined. A constant heat source was applied to the

system by specifying a thermal output of 2000 BTU/yr D'F at two
points in time (0 and 10 years). The repository was assumed to
be located 50 ft below the reference plane and to have a
thickness of 20 ft. An x-dimension of 200 ft was specified for
the repository. The y-dimension of the repository in VSRC3D was
specified an order of magnitude larger than the x-dimension (2000
ft) so that the 3-dimensional VSRC3D solution on a plane
perpendicular to the y-axis near the repository center would
approach a 2-dimensional solution. The temperature was evaluated
at a total of 50 spatial locations so that both a vertical and a
horizontal temperature profile could be examined. The vertical
profile was located along the line where X = 5 ft, Y = 0 and
temperatures were evaluated at 5 ft intervals from 45 ft above
the reference plane to 55 ft below the reference plane. The
horizontal temperature profile was evaluated at 5 ft intervals
from the repository center to a distance of 145 ft along the line
Y = 0, Z = 55 ft. The 5 ft shift from the repository center was
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necessary because STEALTH evaluates temperatures at block centers
rather than nodal locations. At each spatial location the
temperature was evaluated at 1 year intervals for a period of 8
years. In all cases, 40 quadrature points were used to evaluate
the time integrals. The VSRC3D input data for Sample Problem 3
is given in Appendix C and the VSRC3D output is given in Appendix
D.

The version of STEALTH used in this comparison applied a 2-
dimensional explicit finite difference method to generate the
desired thermal solution. This numerical method requires that
the region of analysis have finite spatial dimensions. To
satisfy this requirement, an insulated (symmetry) boundary was
specified through the repository center and the remaining
boundaries were specified to be at a constant temperature of zero
degrees. These constant temperature boundaries were located 50
ft above the salt/shale interface, 150 ft from the symmetry
boundary and 150 ft below the repository. A uniform nodal
spacing of 10 ft was used within this specified computational
region.

The comparison of the VSRC3D and STEALTH results is shown in
Figures 6 and 7. Figure 6 is a vertical temperature profile
through the shale and salt layers along a line very near the
center of the repository. Recall that since STEALTH calculates
temperatures at block centers rather than nodal locations and
since a vertical plane of symmetry was placed at the repository,
it was necessary to shift the the line of the temperature profile
5 ft. In Figure 6, the reference plane is located at the zero
value of the abscissa. Negative values of the abscissa represent
the shale layer and positive values represent the salt layer.
The upper edge of the repository was located at an abscissa value
of 50 ft. At early times the agreement between the two solutions
is quite good. As time increases the difference between the
temperatures in the shale layer increases. This is due to the
effect of modeling an infinite region with a finite computational
region in the STEALTH computer code. Recall that the upper
boundary of the computational region in the STEALTH simulation
was located 50 ft above the reference plane (-50 ft) and a
constant temperature of zero degrees was specified on this
boundary. This has the effect of increasing the heat loss
through the upper boundary as the temperature front approaches
this boundary. The resulting effect is a lower temperature in
the vicinity of this boundary.

Figure 7 represents a horizontal temperature profile across
the salt layer at the repository level. Recall that the upper
boundary of the repository was located 50 ft below the reference
plane (Z = 50 ft). In this figure, the repository extends from
an abscissa value of zero to a value of 100 ft since in the
STEALTH simulation a plane of symmetry was placed at the
repository center. The zero degree fixed temperature boundary
for the STEALTH simulation was located at an abscissa value of
150 ft. As before, the agreement is good at early times, but as
time is increased the effects of the fixed temperature boundary
become more pronounced. In all cases examined, the temperature
calculated by the VSRC3D computer code was slightly below that
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calculated by the STEALTH code. This was due to the 3-
dimensional versus 2-dimensional character of the models. The
VSRC3D computer code, being a 3-dimensional model, allows a heat
loss in a plane perpendicular to the repository cross section
while the STEALTH code, with its 2-dimensional formulation, does
not. In conclusion, for the case considered and within the
limitations of the computer codes considered the agreement
between the VSRC3D and STEALTH computer codes is quite good.
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Appendix A

VSRC3D Input Data for Sample Problem 1
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1
0.27

1 1
0.0

10.0
30.0
50.0

100.0
150.0
200.0
300.0
400.0
500.0
600.0

6912.0
2

0.0
50
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

110.0 110.0
134.0 21915.0

39420.00
27813.00
16461.50
10147.00
3467.50
1533.00
912.50
602.25
503.70
441.65
394.20
6912.0

0.0

1.0 546.25

548.25

5.0
15.0
25.0
35.0
45.0
55.0
65.0
75.0
85.0
95.0

110.0
130.0
150.0
170.0
190.0
210.0
230.0
250.0
270.0
290.0
310.0
330.0
350.0
370.0
390.0
410.0
430.0
450.0
470.0
490.0
525.0
575.0
625.0
675.0
725.0
775.0
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40
40
40
40
40
40
40
40
40
40
40
40
40
40

0.0
50
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

825.0
875.0
925.0
975.0

1050.0
1150.0
1250.0
1350.0
1450.0
1550.0
1650.0
1750.0
1850.0
1950.0

0.0 200.0

5.0
15.0
25.0
35.0
45.0
55.0
65.0
75.0
85.0
95.0

110.0
130.0
150.0
170.0
190.0
210.0
230.0
250.0
270.0
290.0
310.0
330.0
350.0
370.0
390.0
410.0
430.0
450.0
470.0
490.0
525.0
575.0
625.0
675.0
725.0
775.0
825.0
875.0



34

40
40
40
40
40
40
40
40
40

-40
40
40

925.0
975.0

1050.0
1150.0
1250.0
1350.0
1450.0
1550.0
1650.0
1750.0
1850.0
1950.0
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Appendix B
VSRC3D Output from Sample Problem 1
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REGION TYPE: SEMI-INFINITE

BOUNDARY TEMPERATURE: 0. 1 1000OE-'03

AMBIlENT TEMPERATURE: 0.110000E+03

THERMAL PROPERTIES:
LOCA~TION
Z> 0

SPECIFIC HEAT
CAPACITY

0.270000E+00

THERMAL
DENSITY CONDUCTIVITY

0.134000E+03 0.219150E+05

\HEAT SOURCE DATA: TIME
O.OOOOOOE+00
0.100000E+02
0.300000E+02
0.500000E+02
0.100000E+03
0.150000E+03
o.200000E+03
0.300000E+03
0.400000E+03
0.500000E+03
0.600000E+03

THERMAL OUTPUT
0.394200E+05
0.278130E+05
0.164615E+05
0.101470E+05
0.346750E+04
0.153300E+04
0.912500E+03
0.602250E+03
0.503700E+03
0.441650E+03
0.394200E+03

HEAT SOURCE SIZE: X-DIMENSION
0.691200E+04

Y-DIMENSION Z-DIMENSION
0.691200E+04 0. 100000E+01

DEPTH
0. 54825C\E4 03
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TIME

0.500000E+01
0.150000E+02
0.250000E+02
0.350000E+02
0.450000E+02
0.550000E+02
0.650000E+02
0.750000E+02
0.850000E+02
0.950000E+02
0.1lOOOOE+03
0.130000E+03
0.150000E+03
0.170000E+03
0.190000E+03
0.210000E+03
0.230000E+03
0.250000E+03
0.270000E+03
0.290000E+03
0.310000E+03
0.330000E+03
0.350000E+03
0.370000E+03
0.390000E+03
0.410000E+03
0.430000E+03
0.450000E403
0.470000E+03
0.490000E+03
0.525000E+03
0.575000E+03
0.625000E+03
0.675000E+03
0.725000E+03
0.775000E+03
0.825000E+03
0.875000E+03
0.925000E+03
0.975000E+03
0.105000E+04
0.115000E+04
0.125000E+04
0.135o00E+04
0.145000E+04
0.155000E+04
0.165000E+04
0.175000E+04
0.185000E+04
0.195000E+04

x y z TEMPERATURE

0.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+0O
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+'00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
0.000000E+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
-O..OOOOOOEE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
o. OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
0.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.5A8250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0. 546250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0,.,548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03

0.159777E+03
0.180359E+03
0.187474E+03
0.188139E+03
0.187055E+03
0.184555E+03
0.182675E+03
0.180451--E+03
0. 177732E+03
0.174431E+03
0.169622E4±03
0. 164877E+C03
0.160325E+03
0.15661 1E403
0.153417E+03
0.150557E+03
0. 148204E+03
0.146109E+03
0.144187E+03
0.142469E+03
O. 1 40840E+03
0.139449E+03
0.138150E +03
0.136965E+03
0.135885E+03
0.134889E+03
0.133949E+03
0.133033E+03
0.132287E+03
0.131562E+03
0.130370E+03
0.128876E403
0.126432E+03
0.124410E+03
0. 122968E+03
0.121678E+03
0. 120755E+03
0.119871E+03
0.119095E+03
0.i18427E+03
0.1i17587E+03
0.116682E+03
0.115818E+03
0.115276E+03
0. 1 14695E+C'3
0.114224E+03
0.113825E+03
0.113543E403
0.113212E403
0.112984E+03
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TIME

O.500000E+01
0.150000E+02
O.250000E+02
0.350000E+02
0.450000E+02
0.550000E+02
0.650000E+02
0.750000E+02
0.850000E+02
0.950000E+02
0.110000E+03
0.130000E+03
0.150000E+03
0.170000E+03
0.190000E+03
0.210000E+03
0.230000E+03
0.250000E+03
0.270000E+03
O.290000E+03
0.310000E+03
0.330000E+03
0.350000E+03
0.370000E+03
0.390000E+03
0.410000E+03
0.430000E+03
0.450000E+03
0.470000E+03
0. 490000E+03
0.525000E+03
0.575000E+03
0.625000E+03
0.675000E+03
0.725000E+03
0.775000E+03
0.825000E+03
0.875000E+03
0.925000E+03
0.975000E+03
0.105000E+04
0.115000E+04
0.125000E+04
0.135000E+04
0.145000E+04
0.155000E+04
0.165000E+04
0.175000E+04
0.185000E+04
0.195000E+04

x y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+OO
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03
0.200000E+03

0.110000E+03
0.110343E+03
0.112230E+03
0.115307E+03
0.118737E+03
0.121976E+03
0.124766E+03
0.127026E+03
0.128804E+03
0.130133E+03
0.131393E+03
0.131935E+03
0.131635E+03
0.130884E+03
0.129872E+03
0.128773E+03
0.127672E+03
0.12661lE+03
0.125619E403
0.124734E+03
0.123898E+03
0.123156E+03
0.122461E+03
0.121832E+03
0.121266E+03
0.120753E403
0.120272E+03
0.119808E+03
0. 19432E+03
0.119072E+03
0.118492E+03
0.117780E+03
0.117163E+03
0.116323EA03
0.115613E+03
0.114978E+03
0.114534E#03
0.114119E+03
0.113763E+03
0.113460E403
0.113084E+03
0.1126e89E+03
0.112318E+03
0.112090E+03
0.111847E+03
0.111653E+03
0.111492E+03
0.111376E+03
0.111243E+03
0.111152E4-03
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Appendix C
VSRC3D Input Data for Sample Problem 3



40

3 0.0 0.0

0.27 134.0 21915.0 0.19 137.0 5568.0

2
0.0 2000.0

10.0 2000.0
200.0 2000.0 20.0 50.0

50
5.0 0.0 -45.0
-8

-40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 6.0

5.0 0.0 -40.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 8.0

5.0 0.0 -35.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 8.0

5.0 0.0 -30.0

a
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 8.0

5.0 0.0 -25.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
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40
40
40

5.0
8

40
40
40
40

-40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0

6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

-20.0

-15.0

-10.0

-5.0

0.0

5.0
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8
40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

10.0

15.0

20.0

25.0

30.0

1.0
2.0
3.0
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40
40
40
40
40

5.0
8

40
40

-40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40
40

5.0
8

40
40
40
40
40
40
40

4.0
5.0
6.0
7.0
6.0

0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
6.0

0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

35.0

40.0

45.0

50.0

55.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0



40 8.0
5.0 0.0 55.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
-40 7.0
40 6.0

10.0 0.0 55.0
B

40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 8.0

15.0 0.0 55.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 6.0

20.0 0.0 55.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
40 7.0
40 8.0

25.0 0.0 55.0

8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0
40 6.0
4 0 7.0
40 8.0

30.0 0.0 55.0
8

40 1.0
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40
40
40
40
40
40
40

35.0
6

40
40
40
40
40
40
40
40

40.0
8

40
40
40
40
40
40
40
40

45.0
8

40
40
40
40
40
40
40
40

50.0
8

40
40
40
40
40
40
40
40

55.0
8

40
40
40
40
40

2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

55.0

55.0

55.0

55.0

55.0

1.0
2.0
3.0
4.0
5.0
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40
40
40

60.0
8

40
40
40
40
40
40
40
40

65.0
8

40
40
40
40
40
40
40
40

70.0
8

40
40
40
40
40
40
40
40

75.0
8

40
40
40
40
40
40
40
40

80.0
a

40
40
40
40
40
40
40
40

85.0

6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

55.0

55.0

55.0

55.0

55.0

55.0
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8
40
40
40
40
40
40
40
40

90.0
8

40
40
40
40
40
40
40
40

95.0
8

40
40
40
40
40
40
40
40

100.0
8

40
40
40
40
40
40
40
40

105.0
8

40
40
40
40
40
40
40
40

110.0
8

40
40
40

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

55.0

55.0

55.0

55.0

55.0

1.0
2.0
3.0
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40
40
40
40
40

115.0
8

40
40

-40
40
40
40
40
40

120.0
8

40
40
40
40
40
40
40
40

125.0
6

40
40
40
40
40
40
40
40

130.0
8

40
40
40
40
40
40
40
40

135.0
8

40
40
40
40
40
40
40

4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

55.0

55.0

55.0

55.0

55.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
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40
140.0

8
40
40
40
40
40
40
40
40

145.0

40
40
40
40
40
40
40
40

8.0
0.0

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0.0

55.0

55.0

1.0
2.0
3.0
4.0
5.0
6.0

- 7.0
8 .0
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Appendix D

VSRC3D Output for Sample Problem 3
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REGION TYPE:

AMBIENT TEMPERATURE:

INFINITE

0.OOOOOOE+O0

THERMAL PROPERTIES:
LOCATION
2 > 0
Z < 0

SPECIFIC HEAT THERMAL
CAPACITY DENSITY CONDUCTIVITY

0.270000E+00 0.134000E+03 0.219150E+05
0.190000E+00 0.137000E+03 0.556800E+04

HEAT SOURCE DATA: TIME THERMAL OUTPUT
O.OOOOOOE+00 0.200000E+04
0.100000E+02 0.200000E+04

HEAT SOURCE SIZE: X-DIMENSION Y-DIMENSION Z-DIMENSION
0.200000E+03 0.200000E+04 0.200000E+02

DEPTH
0.500000E+02
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TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+0O

z

-0.450000E+02
-0.450000E+02
-0.450000E+02
-0.450000E+02

-0.450000E+02
-0.450000E+02
-Cl.450000E+02
-0.450000E+O2

TEMPERATURE

0. 124712E-02
0.1 1824~1E±00
0.670942E-4.-00
0. 1750-J31E+ol
0. 326460E+0ol
0.509177E+01
0.712863E+ol
o0.9297"/5E+ol

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000EO1

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

z TEMPERATURE

-0.400000E+02
-0.400000E+02

-0.400000E+02
-0.400000E+02
-0.400000E+02
-0.400000E+02
-0.400000E+02
-0.400000E+02

0. 338B33E-02
0. 204650E+00
0. 993089'E+00
0. 239026E-401O
0.4~24+30E+E-0 1
0.639B8etE+01
0.8374.197E+01
0. 111912E+02

TIME

0.100000E+01
0.200000E+O1
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+O1
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

-0.350000E+02
-0.350000E+02
-0.350000E+02
-0.350000E+02
-0.350000E+02
-0.350000E+02

-0.350000E+02
-0. 350000E+02

TEMPERA~TULREF

0.874019E-02
0 .3455~45E+00
0. 144661E+01
0.322628E*01
0 .54+6+44E+01
0.79el39E+01
0. 106529E+02
0. 133972E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0. 400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERAIURE

0.500000E+01

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

-0. 300000E+02
-0.300000E+02
-0.300000E+02
-0.300000E+02
-0.300000E+02
-0.300000E+02
-0.300000E+02
-0. 300000E+02

0.214232E-01
0. 569348E+00
0 .2074i25E+01
0.4~304+73E+01
0.697416E+0I
0.986l92E+0i-'
0. 129007E+02
0. 159517E402

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

-0.250000E+02
-0.250000E+02
-0.250000E+02
-0.250000E+02
-0.250000E+02
-0.250000E+02
-0.250000E+02
-0. 250000E+02

TEMPERATURE

0.499196E-0O
0.915733E+00
0.292827E+01
0.567868E+01
0.8821 90E+01
0.121460E+02
0.155269E+02
0.188927E+02
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TIME

0.100000E+0l
0.200000E+O1
0.300000E+01
0.400000E+O1
0.500000E+01
0.600000E+01
O.700000E+01
0.800000E+01

x y

0.500000E+01
0.500000E+01
0.500000E+Ol
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.000000E+O0
O.OOOOOOE+00
O.OOOOOOE+00
0.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+0O
0.OOOOOOE+00
0.OOOOOOE+OO

z

-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0. 200000E+02

TEMPERATURE

0.110652E+00
0.143824E+01
0.407100E+01
0.740761E+01
0.110615E+02
0.148216E+02
0.185743E+02
0.222588E+02

TIME

0.lOOOOOE+O1
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

-

-0.150000E+02
-0.150000E+02
-0.150000E+02
-0.150000E+02
-0.150000E+02
-0.150000E+02
-0.150000E+02
-0. 150000E+02

TEMPERATURE

0.233490E+00
0.220661E+01
0.557493E+01
0.955687E-O01
0.137501E+02
0.179588E402
0.220871E+02
0.260891E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y TEMPERATULRE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE-00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

-0.100000E+02
-0.1000OOE+02
-0.100000E+02
-0.100000E+02
-0.100000E+02
-0.100000E+02
-0.100000E+02
-0. 100000E+02

0.469407E+00
0.330854E+Ol
0.752211E+Ol
0.121967E+02
0.169473E+02
0.216085E+02
0.261094E+02
0.304228E402

TIME

-O.OOOOOE+o1

0.200000E+ol
0.300000E+Ol
0.400000E+ol
0.500000E+01
0.600000E+o1
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.500000E+01
0.500000E+01
0.500000E+01
0.SOOOOOE+01
0.500000E+01
O.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

-0.500000E+01
-0.500000E+01
-0.500000E+01
-0.500000E+01
-0.500000E+01
-0.500000E+Oi
-0.500000E+01
-0.500000E+01

0.899909E+00
0.485014E+01
0.100029E+02
0.154007E+02
0.207138E+02
0.258219E+02
0. 306853E+02
0.352982E+02

TIME

O.lOOOOOE+Ol
0.200000E+01
0.300000E+Ol
0.400000E+Ol
0.500000E+01
0.600000E+Ol
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.164428E401
0.683540E+01
0.125749E+02
0.179940E+02
0.229433E402
0.274392E+02
0.315339E+02
0.35291eE+02
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TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.500000E+0l
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

0.197554E+01
0.757057E+01
0.135581E+02
0.191386E+02
0.242003E202
0.287787E+02
0.329364E+02
0.367340fE+02

TIME

0.100000E+01
O.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y 2 TEM1PERATURE

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02

0.249820E+01
O.85653bEi 01
0.148066E202
0.205417E+02
O.257068F+02
0.303591E+02
0.345723E+02
0.384130E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.500000E+O1
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
0.OOOOOOE+00

0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02

0.323917E+01
0. 983438E+Cl 1
0.163297E+02
0.222101E+02
0.274685E+02
0.321854E+02
0. 364460E+02
0.403228E402

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2 TEMPERA~TURE

0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02

0.42307BE401
0.113929E+02
0.181368E+02
0.241505E+02
0.294906E+02
0.342621E+02
0.385615E+02
0.424673E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E*01
0.600000E+01
0.700000E+01
0.800000E+Ol

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0. 250000E+02

TEMPERATURE

0.550974E+01
0.132564E+02
0.202365E+02
0.263692E+02
0.317781E+02
0.365935E402
0.409227E+02
0.448500E+02



TIME X y 2 TEMPERATURE

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+0l
0.600000E+01
0.700000E+01
o.bOOOOOE+01

0.500000E+01
0.500000E+01
0.500000E+0l
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02

0.711558E+01
0.154401E+02
0.226373E+02
O.288717E+02
0.343353E+O2
0.391832E+02
0.435329E+02
0.474737E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+Ol
0.500000E+Ol
0.500000E+Ol
0.500000E+Ol
0.500000E+01
0.500000E+01
0.500000E+01

y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.350000E+02
0.350000E+02
0.350000E+02
0. 350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02

0.90e877E+01
0.179586E+02
0.253465E+02
0.316628E+02
0.371658E+02
0.420339E+02
0.463945E+02
0.503412E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y

O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0. 400000E+02

TEMPERPTUJRE

0.114687E+02
0.208250E+02
0.283704E+-02
0.347464E+02
0.402733E+02
0.451501E+02
0.495123E+02
0.534570E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
a .400000E+01
0.500000E+0l
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.500000E+O1
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+Ol
0.500000E+Ol
0.500000E+Oi

O.OOOOOOE+00
O.OOOOOOE+00
0.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.450000EZ02
0.450000E+02
0.450000E+02

0.142913E+02
0.240511E+02
0.317145E+02
0.3e1244E+02
0.436553E+02
0.485249E+02
0.52e759E+02
0.568088E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+0l
0.800000E+0l

x

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

y 2 TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.SOOOOOE+02

0.175873E+02
0.276447E+02
0.353818E+02
0.418024E+02
0.473234E+02
0.521765E+02
0.5650?7E+02
0.604249E+02
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4 b

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
o.700000E+01
0.800000E+01

x y 2 TEMPERATURE

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.202392E+02
0.304721E+02
0.382339E+02
0.446375E+02
0.501306E+02
0.549542E+02
0.592591E+02
0.631483E+02

TIME

0.100000E+01
O.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.500000E+01
0.500000E+0l
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.202392E+02
0.304721E+02
0.382339E+02
0.446375E+02
0.501306E+02
0.549542E+02
0.592591E+02
0.631483E+02

TIME

0.lOOOOOE+0O
0.200000E+01
0.300000E+01
0.400000E+0l
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y 2 TEMPERATURE

0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02
0.100000E+02

O.OOOOOOE+OO
O.OOOOOOE+OO
O.OOOOOOE+OO
0.000000E+00
O.OOOOOOE+OO
O.OOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+OO

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.202355E+02
0.304439E+02
0.381773E+02
0. 445566E+02
0.500299E+02
0.548374E-02
0.591292E+02
0.630075E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02

y TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.202286E+02
0.303952E+02
0.380812E+02
0.444201E+02
0.4986O5E+02
0.546414E+02
0.589112E+02
0.627713E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02
0.200000E+02

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

z TEMPERATUIRE

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.202171E+o2
0.303232E+02
0.379426E+02
0.442251E+02
0.496199E+02
0.543636E+02
0.586029E+02
0.624376E+02
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TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
o.600000E+01
0.7OOOOOE+01
O.OOOOOE+O1

x

0.250000E+02
0.250000E+02
O.250000E+02
o.250000E+02
O.250000E+02
O.250000E+02
O.250000E+02
0.250000E+02

y

O.OOOOOOE+00
0. 00000OE+00
O.OOOOOOE+O0
O.OOOOOOE+OO
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
o0.550000E+02

TEMPERATURE

0.201991E+02
0.302241E+02
0.377576E+02
0.439680E+02
0.493043E+02
0.540007E+02
0.582011E+02
0.620034E+02

TIME

0.100000E+01
0.200000E+Ol
0.300000E+01
0.400000E+01
0.SOOOOOE+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
O.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.201718E+02
0.300926E+02
0.3375207E+02
0.436436E+02
0. 489092E+02
0.535482E+02
0.577015E+02
0.614645E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+0O
0.800000E+01

x

0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02

y 2 TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.201310E+02
0.299221E+02
0.372253E+02
0.432456E+02
0.4842e6E+02
0.530005E+02
0.570987E+02
0.60e158E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+0I
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02
0.400000E+02

y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.200712E+02
0. 297044E+02
0.368631E+02
0.427661E+02
0.478550E+02
0.523506E4-02
0. 563860E+02
0.600507E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0. 450000E+02
0.450000E+02
0.450000E+02

y z

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0.199848E+02
0.294292E+02
0.364240E+02
0.421957E+02
0.471794E+02
0.515899E+Cl2
0.555552E+02
0.591614E+02
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TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+O1
0.700000E+O1
0.800000E+01

x y z TEMPERATURE

0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02

O.OOOOOOE+00
O.OOOOOOE+OO
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+0O
0.000060E+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.198618E+02
0.290841E+02
0.358960E+02
0.415229E+02
0.463911E+02
0.507080E+02
0.545963E+02
0.58e132E+02

TIME

0.lOOOOOE+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.e800000E*01

x y z TEM1PERA~TURE

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.196890E+02
C.286541E+02
0. 352645E+02
0.407339E+02
0.454768E+02
0.496922E+02
0.534970E+02
0. 569690E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.600000E+02
0.600000E+02
0.600000E+02
0.600000E+02
0.600000E+02
0.600000E+02
0.600000E+02
0.600000E+02

y TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.194492E+02
0.281209E+02
0.34511BE-+'02
0.398118E+02
0.444205E*02
0.485272E402
0.522424E+02
0.556393E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+0l
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02

y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.191203E+02
0.274619E+02
0.336166E+02
0.387363E+02
0.432025E+02
0.471939E+02
0.508137E+02
0.541307E+02

TIME

0.100000E+01
0.200000E+ Ol
0.300000E+01
0.400000E+0l
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.700000E+02
0.700000E+02
0.700000E+02
0.700000E+02
0.700000E+02
0.700000E+02
0.700000E+02
0.700000E+02

y z

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0.186735E+02
0.266493E+02
0. 325522E+02
0.374818E+02
0.4179B0E+02
0.456678E+02
0.491874E+02
0.524201E+02



59

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
O.SOOOOOE+01

x

0.750000E+02
0.750000E+02
0.750000E+02
0.750000E+02
0.750000E+02
0.750000E+02
0.750000E+02
0.750000E+02

y z

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0.180717E+02
0.256479E+02
O .312850E+02
0.360158E+02
0.401755E+02
0.43918B4E+02
0.473329E+02
0.504773E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+O1
0.700000E+01
0.800000E+01

x y z TEMPER AT URE

0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02

O . OOOOOOE+00
O . OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+0O
O. OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.172659E+02
0.2441 18E+02
0.29771 OE+O2
O. 342955E+02
0.382930E+02
0.419043E+O2
C. 452098E+02
0.482624E+02

TIME

0.100000E+O1
0.200000E+01
0.300000E+01
0.400000E+01
0.5OOOOE+01
0.600000E+01
0.700000E+01
O.BOOOOOE+01

x y 2 TErPERATURE

0.850000E+02
0.850000E+02
0.850000E+02
0.850000E+02
0.850000E+02
0.850000E+02
0.850000E+02
o.850000E+02

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOC)OOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
o.5500C'OE+02
O . 550000E+02
0. 550000E+02

0.161e99E4-02
0.228793E+02
0.279505E+02
0.322626E+02
0.360934E*02
0. 395692E-+ 02
0.427621 E+0')2
0.457195E+02

TIME

- .100000E+01
0.200000E+O1
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+0 1
0.700000E+ 01
0.600000E+01

x y TEMPERATURE

0.900000E+02
0.900000E+02
0.900000E+02
0.900000E+02
0.900000E+02
0.900000E+02
0.900000E+02
0.900000E+02

O . OOOOOOE+00
O. OOOOOOE+00
O . OOOOOOE+00
O.OOOOOOE+00
O . OOOOOOE+00
O . OOOOOOE+0O
O . OOOOOOE+O0
O.OOOOOOE+00

0.550000E+02
O.550000E+02
O.550000E+02
0.550000E+02
0.550000E+02
0.550000E-s-02
0.550000E+02
0.550000E+02

0.147507E+02
0.209628E+02
0.257384E+02
0. 298332E+02
0.334927E+02
0.368290E*02
0. 399059E+02
0.427654E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.950000E+02
0.950000E+02
0.950000E+02
0.950000E+02
0.950000E+02
0. 950000E+02
0.950000E+02
0.950000E+02

y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.128080E+02
0.1e5279E+'.02
0.230029E+02
0.268788E+02
0.303671E+02
0.335641E+02
0.365244E+02
0.392846E+02
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TIME

0.100000E+O1
0.200000E+01
0.300000E+O1
0.400000E+Ol
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.lOOOOOE+03
0.lOOOOOE+03

y

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0. 550000E+02

TEMPERATURE

0.101245E+02
0.153462E+02
0.195167E+02
0.231678E+02
0.264781E+02
0.295292E+02
0.323679E+02
0.350251E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPERATURE

0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.744107E+01
0.121645E+02
0.160303E+02
0.194562E+02
0.225875E+02
0.254918E+02
0.282074E+02
0.307603E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z TEMPEFATURE

0.1lOOOOE+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.549835E+01
0.972955E+01
0.132943E+02
0.164998E+02
0.194575E+02
0.2221990E+02
0.248142E+02
0.272636E+02

TIME

O.IOOOOOE+01
0.200000E+0l
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y 2 TEMPERATURE

0.115000E+03
0.115000E+03
0.115000E+03
0.115000E+03
0.115000E+03
0.115000E+03
0.115000E+03
0.115000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.40591OE+01
0.781300E+01
0.110813E+02
0.140671E+02
0.168492E+02
0.194655E--02
0.219381E+02
0.242826E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x

0.120000E+03
0.120000E+03
0.120000E+03
0.120000E+03
0.120000E+03
0.120000E+03
0.120000E+03
0.120000E+03

y z TEMPERATURE

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+OO
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E-+-02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.298313E+0O
0.628041E+01
0.925960E+01
0.120294E+02
0.146386E+02
0.171114E+02
0.194622E+02
0.217015E+02
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TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
O.500000E+01
0.600000E+01
o.700000E+01
0.800000E+0l

x y z

0.125000E+03
0.125000E+03
0.125000E+03
0.125000E+03
0.125000E+03
0.125000E+03
0.125000E+03
0.125000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

-0.217732E+01
0.504418E+01
0.774382E+01
0.103025E+02
0.127415E+02
0.150722E+02
0.173019E+02
0.194366E+02

TIME

0.100000E-+-01
0,200000E+0l
0.300000E+Ol
0.400000E+0l
0.500000E+01
0.600000E+o1
0.700000E+01
0.800000E+0l

x y z TEMPERATURE

0.130000E+03
0.130000E+03
0.130000E+03
0.130000E+03
0.130000E+03
0.130000E+03
0.130000E+03
0.130000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+O0
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.157553E+Ol
0.404252E+01
0.647414E+01
0.882781E+01
0.111002E+02
0.132909E+02
0.154008E--02
0.174314E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y TEMPERTULIRE

0.135000E+03
0.135000E+03
0.135000E+03
0.135000E+03
0.135000E+03
0.135000E+03
0.135000E+03
0.135000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

0.112877E+O'I
0. 322960E+0 1
0.540644E+01
0.756219E+01
0.96721eE+01
0.117257E402
0.137174E*02
0.156451E+02

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+0l
0.700000E+01
0.800000E+01

x y z

0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0. 799825E+00
0.257012E+01
0.450678E+01
0.647264E+01
0.842522E+Cli
0.103447E+02
0.122204E+02
0.140465E+02

TIME

0.lOOOOOE+01
0.200000E+01
0.300000E+01
0.400000E+01
O.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

x y z

0.145000E+03
0.145000E+03
0.145000E+03
0.145000E+03
0.145000E+03
0.145000E+03
0.145000E+03
0.145000E+03

O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00
O.OOOOOOE+00

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0.560039E+OO
0.203614E+01
0.374828E+01
0.553303E+01
0.733374E+01
0.912291E+01
0.108851E+02
0.126112E+02



A-1755
1628.010
March 1986

THIS IS AN ESTIMATE ONLY AND MAY NOT MATCH THE INVOICES SENT TO
NRC BY SANDIA'S ACCOUNTING DEPARTMENT.

Current
Month Year-to-Date

I. Direct Manpower (man-months
of charged effort)

II. Direct Loaded Labor Costs
Materials and Services
ADP Support (computer)
Subcontracts
Travel
Other

TOTAL COSTS

I I I
I 1.2 1 6.2 l

I 11.0 1 64.0 l
1 0.0 I 0.0 I
I 0.0 1 4.0 l
I 26.0 1 116.0 l
1 0.0 I 0.0 I
I 0.0 I 0.0 I
I I I
1 37.0 1 184.0 l
1 1. 1

Other = rounding approximation
by computer

III. Funding Status

I Prior FY I
Carryover I

FY86 Projected
Fundina Level

I I
I 31K I 226K
I -I

I FY86 Funds I FY86 Funding I
J Received to Date I Balance Needed|
I I I
I 195K I None I
l_ I I


