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PROGRAM: Coupled Thermal-Hydrological- FIN#: A-1755
Mechanical Assessments and
Site Characterization
Activities for Geologic
Repositories

CONTRACTOR: Sandia National Laboratories BUDGET PERIOD 10/85-
9/86

DRA PROGRAM MANAGER: J. Peshel BUDGET AMOUNT: 226K
CONTRACT PROGRAM MANAGER: R. M. Cranwell FTS PHONE: 844-8368
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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. 1In
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. 1In 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 1lO0-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. 1In 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.



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 a8 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
tonstant flux boundary condition may be specified for the semi-
infinite case. The infinite medium may be composed of either &
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.



1. Introduction

This work was undertaken in an effort to produce a small
scale, efficient computer code to simulate a conducting medium
with & finite volume embedded transient heat source. The effort
centered on generating a code that would run on a persaonal
computer in a reasonable period of time vyet 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 mcdification
of the heat source subroutine,.

In Chapter 2 the anrnalytical 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
@ conducting medium due to an embedded finite volume heat sgurce
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 2all 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 xy Vys» and 2z dimensions of the heat source were given,

respectively, by a, b, and c. The origin of a Cartesian
coordinate system was 1located 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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Figure 1. Physical Situation
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2.1 Infinite Region

For the case of an infinite medium, the governing
differential equation for temperature i1s expressed as

£2ET B 1 T
= Tzr TR 900yezet) = Doy ‘D
where the thermal diffusivitys w, is given by
o= b (2)
e i:C
P
and g Fiy and Cp ares respectively, density, thermal

conductivity, and specific heat., The initial condition is

Tixsysz,0) = T (2) (3)
and the domain is infinite. The thermal output aof the heat
source is defined as
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where u(T) in the unit step function defined by



u(T) = (3)

Eq. (1) was solved by applying the Green’s function method.
From [1], the soclution may be expressed as
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where Gixsys2ZstlIx’yy’52”,7T) 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’,
2’ that 1instantaneously releases itg heat at time 7. 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 gereration, this
term was replaced by the initial temperature profile given in Eq.
(3), resulting in

TOoyszat) = T (2) + & I [ j (” B (xsys2stin®sy sz )

° gs(x’,y’,z’,T)dx’dy’dz’dT (7)

Note that this 1is consistent with the assumption that the
conducting medium was initially at an equilibrium state since, at
large times, the solution will approach the initislly specified
temperature profile rather than the uniform profile normally
associated with an infinite medium,

The l-dimensional Green’s function for an infinite
conducting medium is (see [13])

) —(x - K,)J:.
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Since the heat source given 1in Eq. (4) can be expressed as a
product of functions %, y, and z, a product solution may be used
to express the 3-dimensional Green’s function in an infinite
medium as

1 —(x =~ x’)*
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When Egs. {3) and (9) are substituted into Eq. (6) and the
definition of the unit step function, Eq. (3), is utilized, the
temperature distribution in the infinite conducting medium
becomes

: Lt Ty c+d b/2 a/2
T(xsyszst) = = 9
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By introducing the definition of the error function

T

erf(r) = ,§ ' exp(—ﬂi) di (11)

Eg. (10) may be expressed as
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2.2 Semi-infinite Region

In the case of a semi-infinite region,; the domain was
limited to the half-space below the reference plane where 2z : G
(see Figure 1). The governing eqguation, Egq. (1), initial
condition, Eg. (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 referente plane in the case of the semi-infinite
region. The option to specify either a constant temperature
boundary condition, Eq. (13a),

T(xsys0Ost) = T5 (13a)

or a constant lex boundary condition, Eg. (13b),



R = - p = (13b)

is 1included in the analysis. The temperature distribution may
again be expressed in terms of Green’s functions as

Tixsyszst) = T.(z) + o F(z,t)
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where the additional terms 1introduced by the non-homogeneous
boundary conditions, is given by

t .,'.,::'. .'y';:- -
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Flz,t) =¢ 2" (15)
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As before, the first integral term was replaced with the
specified initial temperature.

The 11-dimensional Green’s function for a semi-infinite
medium is

(16)
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where the minus sign is used when the reference plane tempersture
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

1 -{x - x’)i
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with the appropriate sign chosen for the desired boundary
condition. When Egs. (4) and (17) are substituted into Egs. (14)
and (15), the 1integrals are evaluated, and the error functior,
Eq. (11), is introduced, the temperature distribution in a semi-
infinite medium may be expressed as
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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 errvor
function is defined as

erfc(T) = 1 - erf(v") (19

2.3 Infinite Composite Medium

The reference plane was specified as the dividing planre
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 madium. For the
region below the reference plane (z & 0) the governing
differential equation for the temperature is

50T 3T 1 1 =T -
1:::»:‘3j * o .::»z;?:-‘jl * ;_’gs(xgy,z,t) = :,-t' el
with the initial condition
T,i(X,y,Z’O) = TZ-AI(Z) (21)
where the subscript denotes. the temperature and materisl

properties of this region. The thermal output defined in Eq. (&)
was again used to describe the heat source that exists in this
region. Above the reference plane (z 3 ©0) the governing

differential equation and initial condition are

_ LT, _
- o (22?
T:;.(x,y,z,O) = Tﬁ(z) (23

where the subscript again represents the temperature and material
properties in this region. These two differential equations are



coupled with compatibility conditions requiring the temperature
and the flux to be continuocous at the reference plane. These two
conditions are given by

T,i(X,Y’Ogt) T,:,(x,y,O,t)

(24)
by E{i = k. E%E
- z2=0 T z=0
In order to solve these coupled partial differential

equations, first consider the case of the analogous l1-dimensional
problem given by

. % P 2 = 0 (25a)
i
(25b)
£,(2,0) = 4 .(z,0) = 0
b (0yt) = & . (0,8) (25c)

where 5(71)

E0T) = (26)
1. © =0

Note that the first eqguation 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 wused to develop the Green’s function for a given differential
equation (113, 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

Zitzes) = | 4 (2t e tqt (27>

1o

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

sz - 27%) z = O (28a)



- 2 F (2,8) = 0 z = 0 (esb)

Z.(0,5) = & _(0,s)

(28c)
N « [ t . dE .
[ -= 1 = -2
. i &
i dz z2=0 dz z=0

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

Z.(2y8) = A.expl=v.2) + B.exp(v.z) (29>
i i i i i
where .
/5 |

. = (5 ) (30)

i o

i
In order for I,(z,s) to remain bounded as z approaches infinity
B, must be zero. Similarly,; A, must be zero so that 3._(z,s)
remains bounded as 2z approaches negative infinity. Next, the
particular solution of the differential equatiaon for I (z,s) must
be determined and added to its corresponding homogeneous
sclution. Since the nor~-homogeneity in this equation i1s the

result of a source term aof the same type as is used to develop
the Green’s function [113, it was assumed that the particular
solution had the same form as the l-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 Eg. (8) and adding the result to the remaining portion of the

homogeneous solution of %4 (2,8) results in
Tolzss) = Ajexp(—wjz) + avlw exp(-~,lz - 2z’ 1) z & 0 (32a?
&£ 3 8 1 T } 4
@.(Zys) = B.explv, z) z & C (32b)

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

awl-.. E)’.p(—"'l".‘_‘z — Z’ l)

Z—E'._'(Z;S) = y
’ 11

i exp[—w1(z + 2’1 z = O (333}
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5. (298) z = O (33b)
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where
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The inverse Laplace transform of Egs. (33a) and (32b) is

i+ ex —-(z - z")"
1 ————\F*P Goo t
1
o= 1 -(z + z27)° . e
+ T 7 ©XP P ) 2 3 0 (35a)
1 ~(z — 2’y .
4 = B — z (
?z(z,t) Ty exP et %= 0O 35b)
where

y ifa
o= (fa) (36)

The functional form of Egs. (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 suchs 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 =vy’, 2 = 27, (27 > 0) that
instantaneously releases all of 1its energy at t = 0, the
temperature distribution can be expressed as

F,0%ys25t) = %1 -——l—-—ﬁlf exp —Liz%—%—l exp _ilz;—%—l
' 1oaTe v T R "y
-z - 2% @ o- 1 —(z + 2°) " . ]
° (exp Gu t T E g S¥P Gu_t ) 250 (378

- 2 L epp = x>y
» (QWﬁ¢t)ﬁ/¢ 1 + £ QGEt
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- ,):- -z - Ett.z,)f‘i .
exp Lh:':-,::,t exp 4 i t z i O ( 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 follaws

;: Lot e g AKXyt eZ s T)
#,00ys2at) = 20 ||| =
‘ A o e A (4t €t = T ]

exp —4X = ¥
_—/ : p Quj ( t - K )

T 2 2 oy otz = 27 F
Pat - \FP & x -
B -~ 1 ~(z + z”)"
+ : —— e e —. ‘ > > ] - (‘
e exp Qud(t - T))dw dy’dz’™d 38)
for z & O and
o Lo g Ty 72T ) 5
'1";__;(>'.;y,2,t) = e ' ' l ‘ S/ o+
o 0 B R L 40'!"1‘-‘"-::4_:- (t ~ )3 - : o
—(x_= %" ~(y =~ y)~ —(z - mz7)"

Pt - TP an - oo P e qr - o S dyrdzidr (39

far 2z £ O where gi(x’,y’yz’,7%) represents the thermal output of
the heat source. Egs. (38) and (39) are,s respectively, the
solutions to Egs. (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 Egs. (21) and (23). Using
thiss, along with the expression for the thermal cutput of the
heat source given in Eq. (4), the temperature distribution in the
infinite composite medium can be expressed as

a
1 i . t ] ( * + é )
T,Ooyazat) = Totz) + 20 ‘ g(T)(erf -
: - “y Yo T (= )
(% - g) (y + g> (y - g)
- er ) (erf - erf - )
BTN & A oo (8 = ) "o (- 1)
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"o, Lt = 1)
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N0 7 C Goo, (€ = 1)
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- erf ) (erf : - erf - )
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o (erf | (z — ad) orf [f - {c + d)J) dT z £ 0 (41)
~ . Lh:!}:::_(t - 1) ’ L)x:'tj._? {(t ~ 1)

aftter the integration 1is performed and the definition of the
error function 1is introduced. 1t should be noted that when the
same material is specified above and below the reference plane

(i.e. B =0 =1, w, =« K, = K.) Egs. (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 presented
in the previous chapter, the analytical solutions for the
temperature distributions below the reference plane (z & 0O} were
combined into a single expression of the form

- (x + S)
T,(xsysz5t) = T (z) + 8 =l ‘ g(T)(erf
‘ - "1 70 Tao (t = T
<x—§) (y+g) (y—g)
~- erf - ) (erf.A - erf - )

‘if:-:.l(t - ) ﬂ\\.:.:,i(t - ) 4 1(t - )

c[erf S SN R h(ﬁz-—c—d)_al(erf (2 )
T4 (L = T) T (t ~ 1) o (- )

1 i i

- erf {z s d))]dT + a@(l - erf

= =2 )+ 2.t exp Tzh (42)
"Qmi(t - ) - ) - bryt

Tt 1

o
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Table I

Coefficients for Eqg. (42)

Case a, a. a.-
Temperature B.C. 1 TS - T.¢0) O
Flux B.C. -1 o 2 %s:iz
" vt
. . 1 -
Composite Medium T 0 0

where the values of a,, 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 that
the same material properties are specified sbove and below the
reference plane. In the cases where applicable, the temperature
distribution above the reference plane (2 % 0) was evaluated
using Eq. (41),

In order to numerically evaluate the integrals in Eqs. (41)
and (42) it 1is necessary to specify the functional form of the
time dependence of the thermal output of the heat scurce. A
piecewise linear function of the form

(0 t <t
mt + b, t, <t <t
m.t + b, t, <t <t
gty = « . . (43)
<t <
m.t + b, t,_, <t <t
L0 t >t

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 e
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 Baussian quadrature based
upon Legendre Polynomials. This numerical procedure allows up to
40 quadrature points with wvalid numbers of quadrature points
being 2, 35 4, S5, &5 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
guadrature points to specify. The smoother this functional form
becomes, the fewer quadrature points that will be necesssary to
generate an accurate solution. In general, if it 1s 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 gquadrature
points should be initially specified in an effort to avoid
excessive computational times. The effects on the solution of
the number of qQuadrature 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 ocutput (screen)
devices. While specific data files could have been used for

input and output, this 1is 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
cutput devices. This is accomplished by appending the
appropriate file names to the execution command (see [31). It
should be noted that the 1loop for temperature evaluation at
multiple times is within the 1leoop 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: GLGUAD, HTSC, Xy2vs 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

1 Input time interval and number
number of guadrature points

[

Calculate temperature and print results

)

no Has temperature been evaluated
at all time intervals ?

1 yes

no Has temperature been evaluated

at all spatial locations 7

yes

)
Stop

Figure 2. Flow Chart of VSRC3D
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Main Program

VSRC3D
Subroutine Subroutine Subroutine
HYSC GLRUAD Xyzv

Function

FNCT(T)

Function Function

ERF (X) GHT(T)

Figure 3. Subroutine Flow Chart
Main program: VSRC3D
calls: GLAUAD, HTSC, XyzVv
The main program performs all data input and output using the
default input (keyboard) and output (screen) devices.

Programming 1loops have been included that allow the temperature
to be evaluated at multiple spatial locations and times.

Subroutine: GLQRUAD

called from: VSRC3D

callss FNCT(T)
GLRUAD performs a Gaussian-Legendre numerical integration
allowing & maximum of 40 quadrature points. Valid numbers of
guadrature points are @2, 3, 45 5, 6, 10, 15, 20, and 40. The

default rnumber of quadrature points, which results when an
invalid number 1is specified, is 6. Recall that when the number
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of quadrature points specified increases the computational time
also increases.

Subroutine: HMTSC .
called from: VSRC3D

"HTSC calculates the slopes and intercepts of the piecewise
continuous time dependent thermal output of the heat source. 1If
an alternate Tfunction of time is used for the thermal output of
the heat source,; this subraoutine may not be necessary or may
require modification.

Subroutine: Xyzv
called from: VSRC3D

XY2v 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 (XD
called from: FNCT(T)

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

. expansion from ([4]; accurate to within 1.5 x 10_7, was used to
evaluate the error function.

Function subprogram: FNCT(T)

called from: GLRUAD

calls: ERF(X), BHT(T)
FNCT(T) evaluates the integrand of either Eg. (41) or Eq.(42).
Function subprogram: QHTL(T)

called from: FNCT(T)
GHT(T) evaluates the thermal output of the heat source at time T.
While & piecewise continuous time dependence is currently used,
any functional form may be wused by modifying this function
subprogram. If an alternate functional form is used, the thermal

output at time T should be assigned to the variable BHT in this
function.
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3.2 User Input Datsa

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 (I110,2F10.90)

Card Variable
Field Calumn Name Description
1 1-10 I1BC select problem type
2" 11-20 ZBC specified boundary value
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 I1. 2ZBC 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 CPC1) specific heat, z > O

c 11-20 RHO(1) density, 2 > O

3 21-30 TK(1) thermal conductivity, z > O
4 31-40 Cr(2) specific heat, z < O

S 41-50 RHO(2) density, z < O

1) 51-60 TK(2) thermal conductivity, z < O

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.
Recally a single material infinite region soclution will be
generated by specifying the same thermal properties above and
below the reference plane.
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Table I1

Region Type Specification

IBC Region Type Boundary Condition
1 semi-infinite temperature
2 semi-infinite flux
3 infinite not required
Block 2 - heat source data
Card 1 (I10)
Card Variable
Field Column Name Description
1 1-10 NQ number of data points

A minimum of @2

describing heat source

and a maximum of 40 data points may be used to

describe the piecewise linear thermal output of the heat source.

Cargd 2 thru NG + 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 T1

Card NQ + 2 (4F10.0)

Card Variable
Field Column Name
1 1-10 AA
2 11-20 BB
3 21-30 CC
4 31-40 DD

Description

x—dimension of heat source

y-dimension of heat source
z-dimension of heat source

distance between reference
plane and heat spource



20

Note that these quantities are labeled in Figure 1 as a, b, C,
and d.

Card NQ@ + 3 (I10)

Card Variable
Field Column Name Description
;: 1 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 Decscription
1 1-10 XX »—location of point of
temperature evaluation
2 11-20 YY y—-location of point of
temperature evaluation
3 21-30 22 z-location of point of

temperature evaluation

The origin of the rectangular coordinate system is located above
the center of the heat source orn the reference plane (see Figure
1). 22 must be greater than zero unless the case of an infinite
region (IBC = 3) is specified.

Card 2 (I110)

Card Variable
Field Column Name Description
1 1-10 NT number of times temperature

is to be evaluated at the
specified location

Card 3 thru NT + 1 (I110,F10.0)

Card Variable
Field Column Name Description
1 1-10 M number of gquadrature points

2 11-20 TIME time of temperature evaluation
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Valid values of ™M are 2, 35 4, S, 6 10, 13, 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 radiocactive waste being developed by the
Waste Management Systems Division of Sandia National
Laboratories, Albuguerque. Specificallyy 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 [35].
In this problem, a8 1100 acre high-level waste repasitory was
assumed to be located in a layer of bedded salt at a height of
€814.81 ft. above datum. In order to be consistent with the
problem statement in [S], 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 110-F. The repository was assigned a unit
thickness and & sqQuare cross-section (ARA = BB = 69212.0 ft. for
1100 acres). The heat capacity, density, and thermal

conductivity of salt were specified as 0.287 BTU/1b mF, 134.0

lb/ft~, and 21915.0 BTU/yr ft “F, respectively. The 11 points
used to describe the thermal output of the repository are the
same as those used in [951 and are given in Table I1I. 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 (22 = 548.25 ft) and the second point
was located @200 ft below the reference plane (22 = 200 ft). At
both these spatial locations the temperature was evaluated at 5
vyear intervals for the first 100 years, 20 year intervals for the
next 400 vyears, 950 year intervals for the following 3500 years,
and 100 year intervals for the last 1000 years. This resulted in
the temperature being evaluated at 350 points in time over a
period of 2000 vyears. In all cases, 40 quadrature points were
used to evaluate the integrals given in E£q. (42). The input datsa
for Sample Problem 1 is given in Appendix A,
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Table 111

Thermal DOutput Data Points

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

' o 39420.00
10 27813.00

30 16461.50

50 10147.00

100 3467.50
150 1533.00
200 912.50
300 £02.25
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 &
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 recsults of these calculations
at the two previously specified spatial locations are given in

Table 1IV. Recall that the ambient temperature in sll cases
considered was 110 “F. Az 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 wmodels should approach those of the l-dimensionsl
model due to the large cross-sectional area of the heat socurce
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 reguired 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 eguivalent
codes, the calculations in Table IV were repeated and the
required computational times were compared with those aof 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 generste
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Table 1V

Comparison of VSRC3D and DNET Results

Temperature (“F) 200 ft
below reference plane

Temperature ("F) at
repository boundary

Time 1-D 2-D 3-D 1-D 2-D 3-D
(yrs) DNET DNET VSRC3D DNET DNET VSRC3D
5 110.0 110.0 110.0 160.8 160.3 159.8
15 110.3 110.3 110.3 i8l.4 181.0 180.4
25 112.2 112.2 112.2 188.4 188.1 187.9
35 115.3 115.3 115.3 188.9 188.7 188.1
45 118.8 118.8 118.7 187.8 187.6 187.1
9595 122.0 12a.1 1e2.0 185.2 185.0 184.6
65 124.8 124.,9 124.8 183.2 183.2 182.7
75 127.1 127.2 127.0 181.0 181.0 180.5
.85 128.8 128.9 128.8 178.1 178.2 177.7
95 130.2 130.3 130.1 174 .8 174.8 174.4
110 131.4 131.5 131.4 169.9 169.9 169.6
130 132.0 132.0 131.9 165.1 163.2 164.9
130 131.7 131.8 131.6 160.5 160.6 160.3
170 130.9 131.0 130.9 156.7 156.9 156.6
120 129.9 129.9 129.9 133.5 153.7 153.4
210 128.8 128.8 128.8 150.7 150.8 150.6
230 127.7 127.7 127.7 148.3 148.4 148.2
250 126.6 126.6 126.6 146.2 146.3 la6.,1
270 125.6 125.6 125.6 144 .3 144 .4 144 .2
290 124.7 124.7 124.7 142.5 l42.6 142,55
310 123.9 123.9 123.9 140.9 141.0 140.8
330 123.2 123.2 123.2 139.5 139.6 139.4
350 122.5 122.5 122.5 138.2 1349.3 138.1
370 121.8 121.8 121.8 137.0 137.1 137.0
370 121.3 121.3 121:.3 136.0 136.0 135.9
410 120.7 120.7 120.8 134.9 135.0 134.9
430 120.3 120.3 120.3 134.0 134.1 133.9
4350 119.8 119.8 i19.8 133.2 133.2 133.0
470 119.4 119.4 119.4 132.4 132.4 132.3
490 119.1 119.1 119.1 131.6 131.6 131.¢6
525 118.5 118.5 118.5 130.4 130.4 130.4
575 117.8 117.8 117.8 129.0 129.0 128.9
625 117.2 117.2 117.2 126.4 126.5 126.4
&73 116.4 116.4 116.4 124.5 124.5 124.5
725 115.6 115.6 115.6 123.0 123.0 123.0
775 115.0 115.0 115.0 121.8 121.8 121.8
8e5 114,95 114.5 114.5 120.8 120.7 120.7
875 114.1 114.1 114.1 119.9 119.9 119.9
25 113.8 113.8 113.8 119.1 119.1 119.1
975 113.5 113.5 113.95 118.4 118.4 118.4
1050 113.1 113.1 113.1 117.6 117.6 117.6
1150 112.7 112.7 112.7 116.7 116.6 116.46
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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 incresse in
computational time is significantly 1less 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 boundsary condition will be specified at the
reference plane. This modification of the problem regquires 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 flux
at the boundary was specified as zero. This was accomplished by

specifying the second entry on the first input data card (ZBC) as
zero.

In Part Bs the temperature in an infinite salt medium is
calculated. This problem modification requires that the firet
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 wvalue 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 wmedium solution and can assume any value. The second
card containzs 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 capacitys 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 date
input card should be changed, respectively, to the specific hesat

capacity (0.19 BTU/1b “F), demsity (137.3 1b/ft™), and thermal

conductivity (3568.0 BTU/yr ft “F) of shale.

The temperature histories at the two previously specified
spatial 1locations resulting from Sample Problems 1, 2A, 2B, and
2C are shown in Figures 4 and S. 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 conditions, allowing no heat loss across the
reference planey, 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
times than the infinite salt medium. Note also that thst
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 distence 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 s laver
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 “F at two
points in time (O and 10 years). The repository was assumed to
be located 50 ft below the reference plane and to have &
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-dimensiornal 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 verticsal
profile was located along the 1line where X =3 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 S ft intervals
from the repository center to a distance of 145 ft along the line
Y =0, 2 =53 ft. The S 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 gquadrature 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 & and 7. Figure & 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
S 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 aquite good. As time increases the difference between the
temperatures in the shale layer increases. This is due to the
effect cf 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 S50 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 wupper boundary as the temperature front aspprosches
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 SO ft below the reference
plane (2 = 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 1is 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 codes 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 conclusions 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



1
0.27
11
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
134.0

39420.00
27813.00
16461.50

110147.00

3467.50
1533.00
?12.50
602.235
503.70
441.63
394.20
6912.0

110.0
21215.0

1.0

548.825

32

J48.25
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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

200.0

33



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

34
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Appendix B

VSRC3D Output from Sample Problem 1
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REGION TYPE: SEMI-INFINITE
BOUNDARY TEMPERATURE: 0.110000E+03 -

AMBIENT TEMPERATURE: 0.110000E+03

THERMAL PROPERTIES: SPECIFIC HEAT THERMAL
LOCATION CAPACITY DENSITY CONDUCTIVITY
Z > 0 0.270000E+00 0.134000E+03 0.219150E+05
\/HEAT SOURCE DATA: TIME THERMAL OUTPUT

HEAT SOURCE SIZE:

0.000000E+00
0.100000E+02
0.300000E+02

0.394200E+05
0.278130E+03
0.164613E+05

0.500000E+02 ©0.101470E+05
0.100000E+03 0.346750E+04
0.150000E+03 ©.153300E+04
0.200000E+03 0.912500E+03
0.300000E+03 0.602250E+03

0.400000E+03
0.5C0000E+03
0.5600000E+03

X-DIMENSTON
0.691200E+04

0.503700E+03
0.44165S0E+03
0.394200E+03

Y-DIMENSTON
0.691200E+04

Z2-DIMENSION DEPTH
0.100000E+01 0.548250E+403



TIME

0.500000E+01
0.150000E+02
0.250000E+02
0.350000E+02
0.450000E+02
0.550000E+02
0.6S0000E+02
0.7S0000E+02
0.B850000E+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
0.290000E+03
0.310000E+03
0.330000E+03
0.350000E+03
0.370000E+03
0.390000E+03
0.410000E+03
0.430000E+03
0.450000E+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
0.10S000E+04
0.115000E+04
0.125000E+04
0.135000E+04
0.145000E+04
0.155000E+04
0.165000E+04
0.175000E+04
0.1B5000E+04
0.195000E+04

X

0.000000E+00
0.000000E+0O0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00Q

0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0 .000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.0000GOE+00
0 .000000E+00
0.000000E+Q0
0.000000E+00
0.000000E+00
0.000000E+Q0
0.000000E+00
0.000000E+00
0 .000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
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Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0L 000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00Q
0.000000E+0Q0
0.000000E+CO
0.000000E+00
0.000000E+00

0. 000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00

2

0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.3548230E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548230E+03
0.54B250E+03

0.548250E+03

0.548250E+03
0.548230E+03
0.548250E+03
0.5482530E+03
0.548250E+03
0.3548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.54B250E+03
0.548250E+03
0.548250E+03
0.548250E+03
0.3548250E+03
0.3548250E+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
0.54B250E+03
0.548250E+03
0.548250E+03

TEMPERATURE

0.159777E+03
0.180359E+03
0.187474E+03
0.188139E+03
0.187035E+03
0.184555E+03
0.182675E+03
0.180451E+03
C.177732E+03
0.174431E+03
0.1694622E+03
0.164877E+03
0.160325E+03
0.156611E+03
0.153417E+03
C.150557E+03
0.1482C4E+03
0.146109E403
0.144187E+03
0.142469E+03
0.140840E+03
0.139449E+03
0.1381350E£+03
0.1369465E+03
0.135885E+03
0.134887E+03
0.13394%E+03
0.133033E+03
0.132287E+03
0.131562E+03
0.130370E+03
0.128876E+03
0.126432E+03
0.124410E+03
0.122968E+03
0.121678BE+03
0.1207355E+03
0.119871E+03
0.119095E+03
0.118427E+03
0.117587E+03
0.116682E+03
0.115818E+03
0.115276E+03
0.114695E+03
0.114224E+03
0.113825E+03
0.113543E+403
0.113212E+03
0.112984E+03



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
0.85S0000E+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
0.290000E+03
0.310000E+03
0.330000E+03
0.350000E+03
0.370000E+03
0.390000E+03
0.410000E+03
0.430000E+03
0.450000E+03
0.470000E+03
0.490000E+03
0.525000E+03
0.575000E+03
0.625000E+03
0.675000E+03
0.725000E+073
0.775000E+03
0.82S000E+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
0.19S000E+04

X

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+0O0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0, 000000E+0O
0.000000E+00
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Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+0O
0.000000E+00
0.000000E+0C0
0.000000E+00
0.000000E+00
0.000000E+00
0 .000000E+00
0.000000E+00
0.,000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000£+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+Q0
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000CE+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00
0.000000E+0O

2

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

TEMPERATURE

0.110000E+03
0.110343E+03
0.112230E+03
0.115307E+03
0.118737E+03
0.121976E+03
0.124766E+03
0.12702¢6E+03
0.128804E+03
0.130133E+03
0.131393E+03
0.131933E+03
0.13163SE+03
0.130884E+03
0.129872E+03
0.128773E+03
0.1287672E+03
0.126611E+03
0.125619E403
0.124734E+03
0.123898E+03
0.123156E+03
0.122461E+03
0.121832E+03
0.121266E+03
0.120753E+03
0.120272E+C3
0.119808BE+03
0.119432E+03
0.1192072E+03
0.118492E+03
0.117780E+03
0.117163E+03
0.116323E+403
0.115613E+03
0.114978E+03
0.114334E+03
0.114119E+03
0.113763E+03
0.113460E+03
0.113084E+03
0.112689E+03
0.112318E+03
0.112090E+03
0.111847E+03
0.11163S3E+403
0.111492E+03
0.111376E+03
0.111243E+03"
0.111152E+03
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Appendix C

VSRC3D Input Dats 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
o)
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 8.0
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
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 -25.0
8
40 1.0
40 2.0
40 3.0
40 4.0
40 5.0



41

-20.0

e NeoNeRe
OO

40
40
40
5.0

-15.0

000000000
123/456780

40
40
40
40
.40
40
40
40

5.0

-10.0

000000000
183456780

40
40
40
40
40
40
40
40
5.0

000000000
183456780

40
40
40
40
40
40
40

40
5.0

OOOOOOOOO
183456780

40
40
40
40
40
490
40
40
5.0

000000000
183456780

40
40
40
40
40
40
40
40

5.0



40
40
40
40
40
40
40
40
5.0

40
40
40
40
40
40
40
40
5.0

40
40
40
40
40
40
40

40

5.0

40
40
40
40
40
40
40
40
5.0

40
40
40
40
40
40
40
40
5.0

40
40
40

OCmNoUWpwWR~
Qo000 000O0

om~No LWL
leNeoNeoNoReoNeNo o Re)

CaNocUprwnry-
OD0DQCOQO000

CmNoU & WH -
00000000

OCm~NoNpwWM =

C)b‘o CoQ0o0oCO0o0OOO

wn

10.0

15.0

20.0

5.0

30.0

42



43

35.0
40.0

OhunVOAuO
456780

000000000

123456780

OOOOOOOO
18345678

.

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

45.0

O
O

5.0

OOOOOOOOO
123456780

40
40
40
40
40
40
40
40
5.0

35.0

OOOOOOOOO
183456780

40
40
40
40
40
40
40
40
5.0

[eR=NeoNeNoNeNeo
-“UmIin-or

40
40
40
40
40
40
40



40
5.0

40
40
40
40
40
40

40
40
10.0

40
40
40
40
40
40
40
40
15.0

40
40
40
40
40
40
40
40
20.0

40
40
40
40
40
40
40
40
5.0

40
40
40
40
40
40
40
40
30.0

40

O w
o0

CoNocUprpwWMN—

leNeReNoNeNoNoNele)

opNoUerWR -
loNeRoNeRelNoRaNo N e

OoNoUd W -
loNaRoNeReNoleNo O]

omNoeU WU
oNeNeNoNoNoRoNole,

cCoNoUpWLR-
loNoNeReNoNoNeRole,

"
o)

55.0

55.0

85.0

35.0

55.0

55.0

b4



40
40
40
40
40
40
40

35.0

40
40
40
40
40
40
40
40

40.0

40
40
40
40
40
40
40
40
45.0

40
40
40
40
40
40
40
40
50.0

40
40
40
40
40
40
40
40
55.0

40
40
40
40
40

om~Noc U prwW
CO0QO000O0

CmNo U S W -
0000000

OCpNoN LWL

00000000

cmNoUH W -
000000000

OmNo U prwn -
500000000

e~
laNeReRoNe)

535.0

55.0

55.0

55.0

55.0

43



40
40
40
60.0

40
40
40
40
40
40
40
40
65.0

40
40
40
40
40
40
40
40
70.0

40
40
40
40
40
40
40
40
75.0

40
40
40
40
40
40
40
40
80.0

40
40
40
40
40
40
40
40
85.0

oo~
Q000

cm~No U WR-
. 000000000

oCo~NoUPrWU
COQOO0O000O0

oonNocUM WY+
o RoXeNoRoNoNe RN

coNocUPFrWNU-
[oRoReReRoRoNeXaRo)

00000000

ocopNoUpWLL-

55.0

55.0

55.0

55.0

55.0

55.0

46



40
40
40
40
40
40
40
40
0.0

40
40
40
40
40
40
40
40
95.0

40
40
40
40
40
40
40
40
100.0

40
40
40
40
40
40
40
40
105.0

40
40
40
40
40
40
40
40
110.0

40
40
40

omNo U WY
00000000

omNopwWN~—
leRoRoNeRoNoRe o Re)

OCmNOU P W=
000000000

OCmNOo UL WM =
0OBO000000O0

cmNoUHWR -
000000000

Wwn -
(o Mol

55.0

55.0

55.0

35.0

55.0

47



40
40
40
40
40
115.0

40
40
40
40
40
40

40
40
120.0

40
40
40
40
40
40
40
40
125.0

40
40
40
40
40
40
40
40
130.0

40
490
40
40
40
40
40
40
135.0

40
40
40
40
40
40
40

cmNo UL
o ¢ 000000

CaogNocAPL WM
loNoNoNoNeNoNe NN,

oCom~No NP -
loNeNeoNaNoNole NoRe)

ocpNocuUPFrWN -
loNeNoNoReNoRoRo N

ocoNocUrwWwn»-
¢ loNoNeoNeRoNeNoNo R

NoUghprwne
[eNoNeoNoReNoNe)

55.0

35.0

55.0

53.0

55.0

48



40
140.0

40

40

40

40

40

40
40
40
145.0

40
40
40
40
40
40
40
40

o m
O

CuNocc LW -
I*NeReoNoNeNoNeRoXo) o

ONoe UL Wny -
lele e o NoNeNo o)

355.0

95.0

49



30

Appendix D

VSRC3D Output for Sample Problem 3



S1

REGION TYPE: INFINITE

AMBIENT TEMPERATURE: ©0.000000E+0QO0O

-

THERMAL PROPERTIES: SPECIFIC HEAT THERMAL
LOCATION CAPACITY DENSITY CONDUCTIVITY
2 >0 0.270000E+00 0.134000E+03 0.219150E+05
2 < 0 0.1F0000E+00 ©0.137000E+03 0.556800E+04
HEAT SOURCE DATA: TIME THERMAL OUTPUT
) 0.000000E+00 0.200000E+04
N 0.100000E+02 0.200000E+04
HEAT SDURCE SIZE: X-DIMENSION Y-DIMENSION Z-DIMENSION DEPTH

0.200000E+03 ©0.200000E+04 0.200000E+02 0.500000E+02



TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.5600000E+01
0.700000E+01
0.800000E+01

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

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

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

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
0.3500000E+01
0.500000E+01

X

0.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.3500000E+01
0.500000E+01

X

0.500000E+01
0.3500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.3500000E+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

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

=14

Y

0.000000E+00
0.00000QE+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0QO0
©.000000E+00

Y

0.000000E+00
0.000000E+QO
0.000000E+0QO
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0O0
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+QO
0.000000E+00
0.000000E+00

Y

0.000000E+0Q
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00

-0
-0
-0
-0
-0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
~0

-0
-0
-0
-0
-0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
-0

-0
-0
-0
-0
-0
=0
-0
~0

2

. 430000E+02
<4350000E+02
- 450000E+02
. 450000E+02
- 450000E+02
«4S0000E+02
.450000E+02
. 4350000E+02

2

. 400000E+02
.400000E+02
.400000E+02
. 400000E+02
-400000E+02
<400000E+02
-400000E+02
. 400000E+02

2

.330000E+02 -

. 350000E+02
.330000E+02
. 350000E+02
.350000E+02
.350000E+02
. 350000E+C2
.330000E+02

Z

. 300000E+02
. 300000E+02
. 300000E+02
. 300000E+02
.300000E+02
.300000E+02
. 300000E+02
. 300000E+02

2

.250000E+02
.250000E+02
»250000E+02
.250000E+02
.250000E+02
.250000E+02
.230000E+02
.230000E+02

TEMPERATURE

0.124712E-02
0.118241E+00
0.670942E+00
0.173031E+01
0.326460E+01
0.50%177E+01
0.712863E+01
0.9297735E+01

TEMPERATURE

0.338833&-02
0.204650E+00
0.993089E+00
0.239026E+01
0.424304E£+01
0.639884E+01
0.874197E+01
0.111912E+02

TEMPERATURE

.874019E-02
. 345543E+00
L144661E+01
. 322628E+01
S4L644BE+01
.798139E+01
.1065327E+02
.133%72E+02

(e NeNoNeNeNoNoNe)

TEMPERATURE

0.214232E-01
0.56934BE+00
0.207425E+01
0.430673E+01
0.4697416E+01
©.988192E+01
0.129007E+02
0.139517E+02

TEMPERATURE

0.499196E-01
0.9215733E+00
0.292827E+01
0.5467868E+01
0.882190E+01
0.121460E+02
0.155267E+02
0.188927E+02 -



TIME

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

TIME

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

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700C0CE+0O1
0.80C000E+01

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+0Q1
©.600000E+01
0.700000E+01
0.800000E+01

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
0.500C00E+01
0.300000E+01
0.500000E+01
0.500000E+0O1
0.500000E+01
0.500000E+01
0.500000E+01

X

0.500000E+01
0.300000E+C1
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.300000E+01

X

0.300000E+01
0.5S00000E+01
0.300000E+01
0,.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+0O1

X

0.500000E+01
0.S00000E+01
0.500000E+01
0.3500000E+01
0.500000E+01
0.500000E+01
0.3500000E+01
0.3500000E+01

X

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000&+01
0.500000E+01
0.500000E+01
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Y

0.000000E+GCO
0.000000E+00
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0O0
0.000000E+00

Y

0.000000E+00
0.000000E+QO
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0QO

Y

0.000000E+0QOO
©.000000E+00
0.000000E+0Q0
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+QO
0.000000E+00O
0.000000E+0Q0Q
0.000000E+00
0.000000E+00
0.000000E+0O
0.000000E+00
0.000000E+0Q0

Y

0.000000E+00
0.000000E+00
0.,000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

2

-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+02
-0.200000E+0R2
-0.200000E+02
-0.200000E+02

2

-0.150000E+02
-0.150000E+02
-0.150000E+02
-0.150000E+0R2
-0.150000E+02
-0.150000E+02
-0.1350000E+02
-0.150000E+02

2

-0.100000E+02
-0.100000E+02
-0.100000E+02
-0.100000E+02
~0.10C000E+02
-0.10000C0E+02
-0.100000E+02
~0.100000E+02

z

-0.500000E+01
-0.500000E+01
-0.500000E+01
-0.500000E+Q1
~0.500000E+01
-0.3500000E+01
-0.500000E+01
~0.500000E+01

2

0.000000E+00
0.000000E+QO0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

TEMPERATURE

0.1106532E+00
0.143824E+01
0.407100E+01
0.740761E+01
0.110615E+02
0.148216E+02
0.185743E+02
0.222588E+02

TEMPERATURE

0.2334F0E+00
0.220661E+01
0.557493E+01
0.755687E+01
0.137301E+02
0.179358BE+02
0.220871E+02
0.260891E+02

TEMPERATURE

0.469407E+400
0.330854E+01
0.752211E+01
0.1219&67E+02
0.1469473E+02
0.216083E+02
0.261094E402
0.304228E+02

TEMPERATURE

0.899909E+00
0.485014E+01
0.100029E+02
0.154007E+02
0.20713BE+02
0.258217E+0C2
0.306853E+02
0.352982E+02

TEMPERATURE

0.164428E+01
0.683540E+01
0.125749E+02
0.179940E+02
0.229433E+02
0.274392E+02
0,31533%9E+02
0.352818E+02



TIME

0.100000E+0O1
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

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

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.&00000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+0O1
0.200000E+01
0.300000E+01
0.400000E+01
0.300000E+01
0.600000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.3500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

X

0.500000E+01
0.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

X

0.500000E+01
0.3500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.300000E+01
0.500000E+01
0.500000E+01

X

0.500000E+01
0.500000E+01
0.500000E+01
0.3500000E+01
0.3500000E+01
0.500000E+01
0.300000E+0C1
0.3500000E+01

X

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.300000E+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
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Y

0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00O
0.000Q000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00

Y

0.000000E+00O
0.000000E+00
0.000000E+0Q0
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+0O
0.00000Q0E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000Q00E+QO

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Z

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

2

0.100000E+02
0.100000E+02
C.100000E+02
0.100000E+02
0.100000E+02
0.100000E+0R2
0.100000E+02
0.100000E+02

pd

. 150000E+02
. 150000E+02
. 150000E+02
. 150000E+02
. 150000E+02
0.150000E+02
0.150000E+02
0.130000E+02

leNeReNoNe

2

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

2

0.250000E+02
0.250000E+02
0.2350000E+02
0.250000E+02
0.250000E+02
0.2850000E+02
0.250000E+02
0.2350000E+02

TEMPERATURE

0.197354E+01
0.7570357€+01
0.135581E+02
0.1213B6E+02
0.242003E+02
0.a287787E+02
0.329364E+02
0.367340E+02

TEMPERATURE

.249820E+01
.856536E+01
. 148066E+02
.205417E+02
. 297068E+02
.303591E+02
. 345723E+02
0.384130E+02

loNeNoNeNoNoNe)

TEMPERATURE

0.323217E+01

0.983438E+01
0.163297E+02
0.2d22101E+02
0.274683E+02
0.321854E+02
0.364460E+02
0.403228BE+02

TEMPERATURE

0.42307BE+01
0.113929E+02
0.181368E+02
0.241505E+082
0.294906E+02
0.342621E+02
0.385613E+02
0.424673E+02

TEMPERATURE

0.550974E+01

0.132564E+02
0.2023465E+02
0.263692E+02
0.317781E+02
0.365935E+02
0.409227E+02
0.448500E+02



TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.4600000E+01
0.700000E+01
0.BOOOOOE+01

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

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

TIME

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

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

0.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

X

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.3500000E+01
0.500000E+01
0.3500000E+01
0.500000E+01

X

0.500000E+01
0.500000E+01
0.3500000E+01
0.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01

X

0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.3500000E+01
0.500000E+01
0.500000E+01i

X

0.500000E+01
0.500000E+01
0.300000E+01
0.500000E+01
0.500000E+01
0.300000E+01
0.5S00000E+01
0.3500000E+01
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Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.C00C0C0E+QO
0.000000E+00
0.000000E+00

Y

0 .000000E+00
0.000000E+00
0.000000E+0Q0
0.0000C00E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0

Y

0.000000E+00O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

2

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

pd

0.330000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.330000E+02
0.350000E+02

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

P

0.450000E+02
0.430000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.430000E+02

2

0.500000E+02
0.3500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02

TEMPERATURE

0.711538E+01
0.134401E+02
0.2826373E+02
0.288717E+02
0.343353E+02
0.3%1832E+02
0.4353329e+02
0.474737E+02

TEMPERATURE

0.708877E+01
0.179386E+02
0.253443E+02
0.316628E+02
0.371658E+02
0.420339E402
0.463945E+02
0.503412E+02

TEMPERATURE

0.114687E+02
0.208250E+02
0.283704E+02
0.347464E+02
0.402733E+02
0.451501&£+02
0.495123E+02
0.5934Z70E+02

TEMPERATURE

0.142913E+02
0.240511E+402
0.317145E+02
0.3B1244E+02
0.436553E+02
0.48524FE+02
0.3287359E+02
0.548088E+02

TEMPERATURE

0.175873E+02
0.276447E+02
0.353818E+082
0.418024E+02
0.473234E+02
0.3521765E+02
0.5650%7E+C2
0.60424FE+02



L

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

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.300000E+01
0.4600000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.4CO000E+01
0.300000E+01
0.600000E+01
0.700000E+01
0.800000E+01

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

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
0.300000E+01
0.500000E+01
0.500000E+01
0.500000E+01
0.300000E+01

X

0.500000E+01
0.500000E+01
0.3500000E+0O1
0.500000E+01
0.500000E+0O1
0.3500000E+01
0.500000E+01
0.300000E+01

X

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

X

0.150000E+02
0.150000E+02
0.130000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02
0.150000E+02

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
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Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+0CO
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+QO
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
©.000000E+Q0
0.000000E+00

P4

0.350000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02

b

0.530000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.350000E+02
0.350000E+02
0.3550000E+02

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.3530000E+02
0.550000E+02

2

0.550000E+02
0.550000E+02
0.350000E+02
0.350000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

0.2028392E+02
0.304721E+02
0.38233%E+02
0.446375E+02
0.501306E+02
0.3549342E+02
0.592591E+02
0.631483E+02

TEMPERATURE

0.202392E+02
0.304721E+02
0.382337e+02
0.446373E+02
0.501306E+02
0.349542E+02
0.592521E+02
0.631483E+02

TEMPERATURE

0.202355E+02
0.304439E+02
0.381773E+02
0.443566E+02
0.500297E+02
0.548374E+02
0.5791292E+02
0.6300735E+02

TEMPERATURE

0.202286E+02
0.303952E+02
0.380812E+02
0.444201E+02
0.49B605E+02
0.546414E+02
0.587112E£+02
0.627713E+02

TEMPERATURE

0.202171E+02
0.303232E+02
0.379426E+02
0.442251E+02
0.496199E+02
0.543636E+02
0.586029E+02
0.4624376E+02



\

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.4600000E+01
0.700000E+01
0.800000E+01

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

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

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

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.3500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

X

0.250000E+02
0.230000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02
0.250000E+02

X

0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+0R2
0.300000E+02
0.300000E+02
0.300000E+02
0.300000E+02

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

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

X

0.450000E+02
0.450000E+02
0.450000E+02
0.450000E+02
0.4350000E+02
0.450000E+02
0.450000E+02
0.450000E+02
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Y

0.000000E+00
0.00000VE+00
0.000000E+00
0.000000E+00
©.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0 .000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00
0.000000E+0Q0

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02

2

0.330000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.5350000E+02
0.350000E+02
0.550000E+02
0.550000E+02

P

0.550000E+02
0.330000E+02
0.5S0000E+02
0.550000E+02
0.550000E+02
C.330000E+02
0.5350000E+02
0.550000E+02

2

0.550000E+02
0.550000E+02
0.3350000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02

l

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0 .550000E+02
0.550000E+02
0.350000E+02
0.550000E+02

TEMPERATURE

0.201991E+02
0.302241E+02
0.377376E+02
0.439680E+02
0.493043E+02
0.540007E+02
0.582011E+02
0.620034E+02

TEMPERATURE

0.20171BE+02
0.300926E+02
0.373207E+402
0.436436E+02
0.48%9092E+02
0.535482E+02
0.5770135E+02
0.614645E+02

TEMPERATURE

0.201310E+02
0.299221e+02
0.372253E+02
0.432456E+02
C.484286E+02
0.830003E+02
0.570987E+402
0.608158BE+02

TEMPERATURE

0.200712E+02
0.297044E+02
0.368431E+02
0.427661E+02
0.478350CE+02
0.323506E+02
0.5638B60E+02
0.600507E+02

TEMPERATURE

0.199848E+02
0.294292E+02
0.364240E+02
0.421957E+02
0.471794E+02
0.515899E+02
0.595552E+02
0.591614E+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

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

TIME

0.100000E+01
0.200000E+01
0.300000E+0O1
0.400000E+01
0.3500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+0Q1
0.200000E+01
0.300000E+01
0.400000E+0Q1
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

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+02
0.500000E+02
0.500000E+02
0.500000E+02
0.500000E+02
0.3500000E+02
0.500000E+02
0.500000E+02

X

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02

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

X

0.650000E+02
0.650000E+02
0.65C000E+0Q2
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02
0.650000E+02

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

S8

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00Q
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0C
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+0Q0O
0.000000E+00
0.000000E+00
0 .000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00

Y

0.0C00000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
©.000000E+00
0.000000E+QO
0.000000E+00
0.000Q00E+00
0.000000E+0Q0O
0.000000E+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

pd

0.550000E+02
0.3550000E+02
0.530000E+02
0.550000E+02
0.350000E+02
0.53000CE+0C2
0.330000E+02
0.5350000E+02

-
<

0.550000E+02
0.550000E+02
0.530000E+02
0.330000E+02
0.550000E+02
0.530000E+02
0.550000E+02
0.550000E+02

z

0.550000E+02
0 .350000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.3550000E+02
0.550000E+02
0.350000E+02

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.3550000E+02
0.550000E+02
0.350000E+02

TEMPERATURE

0.19861BE+02
0.2920841E+02
0.3589460E+02
0.415229E+02
0.463911E402
0.507080E+02
0.5459463E+02
0.381382E+02

TEMPERATURE

0.1924890E+02
0.286541E+02
0.3532645E+02
0.407338E+02
0.454768E+02
0.4946722E+02
0.534%270E+02
0.56%690E+02

TEMPERATURE

0.194492E+02
0.28120%E+02
0.345118E+02
0,398118E+02
0.444205E+02
0.485272E+ 02
0.522424E+02
0.556393E+02

TEMPERATURE

0.1921203E+02
0.2874619E+02
0.336166E+02
0.38B7363E+02
0.432023E+02
0.471938E+02
0.508137E+02
0.541307E+02

TEMPERATURE

0.18B6733E+02
0.266493E+02
0.32552:2E+02
0.374818E+02
0.417980E+02
0.4564678E+02
0.491874E+02
0.524201E+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

TIME

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

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.3500000E+01
0.4600000E+01
0.700000E+01
G .800000E+O!

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

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

0.730000E+02
0.7350000E+02
0.730000E+02
0.7350000E+02
0.750000E+02
0.7350000E+02
0.730000E+02
0.750000E+02

X

0.BOOOOOE+0OR
0.800000E+02
0.800000E+02
0.8B00000E+02
0.800000E+02
0.800000E+02
0.800000E+02
0.800000E+02

X

0.8350000E+02
0.830000E+02
0.850000E+02
0.850000E+02
0.B30000E+02
0.B50000E+02
0.850000E+02
0.850000E+C2

X

0.900000E+02
0.700000E+02
0.9200000E+02
0.3900000E+02
0.900000E+02
0.700000E+02
0.3900000E+02
0.900000E+02

X

0.950000E+02
0.930000E+02
0.950000E+02
0.950000E+02
0.990000E+02
0.930000E+02
0.950000E+02
0.9350000E+02

59

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00O
0.000000E+00
0.000000E+00O
0.000C000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0CO0
0.000000E+0O
0.000000E+0Q0
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+0Q
0.000000E+0Q0
0.000000E+00O

Y

0 .000000E+0D
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+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

Z

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

2

¢ .550000E+02
0.3350000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.3550000E+C2
C.530000E+02
0.5500C0E+02

-
<

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0 .550000E+02
0.550000E+02
0.350000E+02
0.550000E+02

Z

0.550000£+02
0.350000E+02
0.350000E+02
0.3530000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.5500C0E+02

TEMPERATURE

0.180717E+02
0.256479E+02
0.312850E+02
0.360158E+0R2
0.401755E+02
0.4321B4E+02
0.473329E+02
0.3504773E+02

TEMPERATURE

0.172659E+02
0.244118BE+02
0.297710E+02
0.342955E+02
©.38B2930E+02
0.419043E+02
0.452098E+02
0.48B24624E+02

TEMPERATURE

0.161827E+02
0.2287793E+02
0.279503E+02
0.3224626E+02
0.3460234E+02
0.395692E+02
0.427&621E+02
0.4357193E+02

TEMPERATURE

0.147507E+02
0.207628BE+02
0.257384E+02
0.298332E+02
0.334927E+02
G.368270E+402
0.399059E+02
0.427654E+02

TEMPERATURE

0.12808CE+02
0.183279E+02
0.230029E+02
0.268788E+02
0.303671E+02
0.335641E+02
0.365244E+0d
0.392846E+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

TIME

0.100000E+01
0.200000E+0C1
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

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

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

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

0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03
0.100000E+03

X

0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.105000E+03
0.1035000E+03
0.103000E+03
0.105000E+03

X

0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+03
0.110000E+0Q3

X

0.115000E+03
0.115000E+03
0.115000E+03
0.1315000E+03
0.115000E+03
0.115000E+03
0.1153000E+03
0.115000E+03

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

60

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q0

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.0000C0E+0Q0
0.000000E+00
0.000000E+00

Y

0.000000E+0O
0.000000E+00
0.000000E+00
0.000000E+0C
0.000000E+00
0.000000E+00
0.000000E+QO
0.000000E+00

Y

0.000000E+00
0.000000E+00O
0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+0Q0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00Q
0.000000E+00
0 .000000E+00
0.000000E+00

2

0.550000E+02
0.3550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
©.550000E+02
0.550000E+02
0.550000E+02

b4

0.550000E+02
0.530000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.530000E+02
0.550000E+02
0.5350000E+02

2

0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.350000E+02
0.350000E+02

<

0.550000E+02
0.550000E+0R2
0.350000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.3550000E+02
0.550000E+02

2

0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.3550000E+02
0.550000E+02

TEMPERATURE

0.101245E+02
0.153462E+02
0.19314&7E+02
0.231678BE+02
0.264781E+02
0.295292E+02
0.3236772E+02
0.350251E+02

TEMPERATURE

0.744107E+01
0.121645E4+02
0.160303E+02
0.194562E+02
0.225873E+02
0.254218E+02
0.282074E+02
0.307603E+02

TEMPERATURE

0.3549835E+01
0.972955E+01
0.132943E+02
0.164998BE+02
. 194573E+02
.222120E+02
.24B8la42E+02
.272636E+02

OO0 0O

TEMPERATURE

0.405%10E+01
0.781300E+01
0.110813E+02
0.140671E+02
0.168492E+02
0.12446535E+02
0.219381E+02
0.242826E+02

TEMPERATURE

0.298313E+01
0.628041E+01
0.9285960E+01
0.120294E+02
0.144638B6E+02
0.171114E+02
0.194622E+02

0.217015E+02



TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.S00000E+01
0.600000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.BO0O0OOOE+0O1

TIME

0.100000E+01
0.200000E+01
0.300000E+01
0.400000E+01
0.3500000E+01
0.4600000E+01
0.700000E+01
0.800000E+01

TIME

0.100000E+01
0.20000CGE+01
0.300000E+01
0.400000E+01
0.500000E+01
0.600000E+01
0.700000E+01
0.800000E+01

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

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

X

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

X

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

X

0.140000E+03
0.140000E+0Q3
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03
0.140000E+03

X

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

61

Y

0.000000E+0CO
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00D
0.000000E+00O
0.000000E+00O

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00O
0.000000E+00
0.000000E+00

Y

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+0Q
0.000000E+00

Y

0.000000E+00
0.000000E+0OO0
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

2

0.550000E+0R2
0.3550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02

4

0.550000E+02
0.350000E+02
©.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02

2

0.550000E+02
0.3550000E+02
0.350000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.550000E+02
0.350000E+02

z

0.550000E+02
0.550000E+Q2
0.530000E+02
0.550000E+02
0.330000E+02
0.550000E+02
0.530000E+02
0.550000E+02

z

0.550000E+02
0.3350000E+02
0.530000E+02
0.550000E+02
0.350000E+02
0.550000E+02
0.550000E+02
0.550000E+02

TEMPERATURE

- 0.21773E+01

0.504418E+01
0.774382E+01
0.103025E+02
0.127415E+02
0.1350722E+02
0.173019E+02
0.194366E+02

TEMPERATURE

0.157553E+01
0.404252E+01
0.647414E+401
0.882781E+01}
0.111002E+02
0.132907E+02
0.135400BE+02
0.174314E+02

TEMRPERATURE

0.112877E+01
0.322240E+01
0.340644E+01
0.736217E+01
0.967218E+01
0.1172537E+02
0.137174E+02
0.156451E+02

TEMPERATURE

0.7998235E+00
0.257012E+01
0.450678E+01
0.647264E+01
0.842522E+C1
0.103447E+02
0.122204E+02
0.140465E+02

TEMPERATURE

0.560039E+00
0.203614E+01
0.374828E+01
0.553303E+01
0.733374E+01
0.912291E+01
0.108851E+02
0.1a26112E£+02



A-175%%
1628.010
March 1986

THIS 1S 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 6.2

of charged effort)

I1. Direct Loaded Labor Costs
Materials and Services
ADP Support (computer)
Subcontracts
Travel
Other

COO0OO0OO0O0O

QOO

TOTAL COSTS 184.0

Other = rounding approximation
by computer

III. Funding Status

FY86 Funds
Received to Date

Prior FY
carryover

FY86 Projected
Funding Level

FY86 Funding |
_Balance Needed|
|
|
I

I | I I
I | I I
I I I I
| 31K [ 226K | 195K | None
I I I I




