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ABSTRACT

CHAINT is a two-dimens »al numerical model for the analysis of_
contaminant ‘ransport in a fracture porous medium. The physical processes
accountéd for include advect n, dispersion, diffusion, retardation,
radionuclide chain decay cou 1ing, and mass injection. The computational
scheme employed by CHAINT is based on a Galerkin finite-element method and
block-diagonal frontal solution technique. Continuum portions of the medium
may be modeled with two-dim sional isopari ‘:tr- elements. Discrete
features are modeled with ¢ -dimensional elements that are embedded along
the sides of the continuum e ments. Principal input to this model consists
of files from a predecessor AGNUM-2D simulation of bouyancy driven fluid
flow. Output from CHAINT i ludes a printed report of contaminant concen-
trations along with postprocessor graphics files. This report contains

information relevant to general usa @' of the CHAINT code.
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The governing mass balance equation for concentration of the jth
Component f a decay chain containing n total daughters as written for
Cartesian coordinates using the summation convention for the space
coordinate indices i and k (Huyakorn and Pinder 1983) is

Rde%i + % (aiCy) = % (D"‘ik¢ ;%2-)- AjRajeCy + m; (1)
where
R4 = retardation fact
¢ = porosity of medi
C = concentration of radionuclide mass in fluid
t =time
Xj = space coordinates (x and y)
qgj = Darcy veloc ty v tor
Dmik = hydrodynamic dispersion tensor
A -= radioactive decay constant
m = mass source term.

The principal components of - e dispersion tensor are computed according to
Scheidegger's relations

Dmx = D + (a U2 + a7V2)/(0) (2a)
Omy = D + (atd2 +  12)/(Jo) (2b)
where
D = molecular diffusion coefficient
al = longitudinal dispersivity
aT = transverse dispersivity
U = horizontal component of Darcy velocity
V = vertical component of Darcy velocity
G = (U2 + v2)1/2 is the groundwater speed.
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specification of an appropri .e angle of revolution. Note that in a radial
coordinate system, a 1ine element superimposed on a vertical cross section
of a cylinder defines a plane surface intersecting the cylinder.

Quadratic Lagrangian one-dimensional elements (Huyakorn and Pinder,
1983) may be used to represent a one-dimensional domain. Isoparametric
triangular and/or serendip elements (Huyakorn and Pinder 1983) with
quadratic shape functions be used in combination with the quadratic line
elements for discretizatic " a two-dimensional domain. Typical one- and
two-dimensional elements show the ordering of nodes (denoted by Latin numer-
als) and Gauss points (denoted by Arabic numerals) in figure 1. Note that
the concentration, C, is def ied at the nodes, and the Darcy velocities, U
and V, are defined at the Gauss points. The Gauss point locatons in local
(n,¥) coordinates are show ' figure 2. Note also the arrows showing
positive coordinate direct Ve

Guidance for selection element types is provided in sections 3.1
and 3.2. Detailed descript s of CHAINT input options and formulas are
given in section 4.0. Automated construction of a complete finite-element
grid system is outlined endix B. Two-dimensional plots of the grid
systems used for some ex problems may be found in appendix D.

2.3 INITIAL CONDITIONS

A solution of the governing transport equation (1) is dependent on the
initial distribution of conc tration. To facilitate the present as well as
later discussions, let C% « ote the concentration of the jth component of

a decay chain at the kth'n e at time t<. Then, the initial values of
¢t centration are simply

ng = Cj (xks yks tO) (6)

for 0 < j<nandl <k < ', wheren+ 1 ist : total number of components
in the chain, and NP is the :al number of nodes in the spatial domain. In
general, manual setup of t : 1put corresponding to equation 6 is tedious.
Hence, there exists a prepro isor that provides automated generation of an
initial condition file for each of the n+l radionuclides in the chain
(appendix B). In the event - t an initial concentration distribution is
spatially constant, the corrc onding input is simplified (sec. 4.0).
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Figure 1. Locations of Nodes an auss Points for
Quadratic Shape Functions (a) uadrilateral Element,
(b) Triangular Element, and (c) Line Element.
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where E is the current element and the summation is over all elements. The
finite-element equations are formulated in terms of incremental change in

C by using a Newton-Raphson algorithm for ¢ in equation 9 (Baca et al. 1978,.
1984a). Communication bet en fractures and the porous continuum is
achieved by superposition which amounts to summing the functionals for
concentration in a continuum element and concentration in adjacent
fractures.

Expansion of terms for the system of finite-element equations derived
for a single element is illustrated by Baca et al. (1984a). Derivatives of
C with respect to time as occur in the element equations are approximated by
linear combinations of differences over incremental times written

(10)

act+l_aC R . act
at ot | pope+l ® S L T (1-6) 3%

The value of C%+l as used in equation 10 is calculated from a non-iterated
Hermite-Milne preqictor-corrector method characterized by the two stages

ce+l = _act + s5Ce + (te+l - t2) (4 act +2 ﬂ&'l) (11)
at at
and
¥ o oca-l 4 tE - t* facevl act 39&71) (12)
¢ ot 7 bt YAttt

*
where C4+l" is the corrected value of C%+l.

The weighting factor, 8, in equation 10 may be specified by the user.
Sut sted values range between one and two; a value of one corresponds to a
first order backward difference approximation, whereas a value of two cor-
responds to a second-order backward-difference approximation.

Assembly of the blocks of element e .ations yields a banded system of
linear algebraic equations that is solved using a Gaussian frontal-solution
technique. The frontwidth of the system is a factor in the amount of memory
and processing time needed to solve the system of equations (Irons and
Ahmad 1980). In turn, the frontwidth is dependent upon element numbering
(King 1970). Hence, as described in appendix B, there is a preprocessor
available to optimize the element numbering in the respect that the
frontwidth is minimized.
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3.0 ( NERAL MODEL CONSIDERATIONS

3.1 MODEL GENERATION

The majority of the time required in formulation and generation of a
finite-elerent-based simulation is spent in developing the grid that repre-
sents the physical domain. This consists of determining the global nodal
coordinates and specifying the elemental connectivity in terms of node
numbers.

One of the advantages of the finite-element approach used in CHAINT is
that it permits the use of a "graded" mesh. A graded mesh is a variable
computational grid that is coarse in areas of low gradients and is fine in
areas of high gradients. The significance of the graded mesh is that it
permits accurate representat of the spatial domain and its boundaries,
and it minimizes the space truncation error thus optimizing the computa-
tional problem. Selection of the sh layout is, therefore, one of the most
important steps in applying the code.

Mesh generation for a practical simulation problem is generally an
iterative process. The process begins with a trial mesh layout that is
selected to conform with the anticipated solution field(s) and system
boundaries. A test simulation is performed with CHAINT and the results are
analyzed typically through the use of graphics postprocessors. From these
initial results the grid is refined as needed, and the process is repeated
until the simulation results show convergence to a reasonable solution.

Time may be saved in - 2 geometry definition phase of the prot :m
formulation by making use « the preprocessing utilities described in
appendix B (e.g., GEN and | 14ESH to generate the mesh, MESHER to optimize
it, PURGE to verify it, and BCGEN to identify the boundary nodes). In
addition, there is a processor called PLT that displays the geometry on a
graphics terminal and a fan of postprocessors that assist in the analysis
of the output data.

The following quidelines should be considered in generating a two-
di :nsional finite- Iement mesh.

o ( drilateral elements should be used for most of the mesh, and if
necessary, triangular elements should be used for transition
regions; line elements are used for discrete fractures.

e CElement aspect rati : should not exceed roughly 100.

e Midside nodes shc be located in the middle third of the element
side or length.

e The element numberi | sequence should be continuous and should
begin along the side of the grid with the fewest elements.

11
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3.4 BOUNDARY CONDITIONS

The default boundary condition implemented in CHAINT is the zero flux
Neumann condition given in = uation 7. Use of this boundary condition is
computationally advantageous, as may be seen from inspection of the Jacobian
‘matrix, which is detailed by Baca et al. (1983). Furthermore, use of this
boundary condition is appronriate in the solution of a given problem for a
boundary that either coinc jes with an axis of symmetry or is sufficiently
distant from any source of ¢ taminant mass. In the event that the default
boundary condition is not appropriate at some boundary node for some com-
ponent of a decay chain, the alternative constant concentration may be used
as per input instructions i section 4.0 and supplemental preprocessing
instructions in appendix B.

3.5 MASS SOURCES

Any two-dimensional e nt in the spatial domain may be designated as
a mass source. Two option ‘e available by which to specify the source
strength for any component of a radionuclide decay chain. Regardless of
which option is used, the ‘ce strength is uniform over the source region.
Note that by definition, - jource region is simply the union of all desig-
nated source elements.

The more general of the two available release rate options allows
specification of a piecewise linear volumetric mass injection profile. This
first option is implemented ialogously to the piecewise linear volumetric
thermal energy release rate tion in the MAGNUM-2D computer code (England
et al. 1985). Under the second option, the mass injection rate, S, for any
component of a decay chain is computed internally, and has the value

1 1
-1n2 [+~ + +
Moe (T TL,

[

where Mg is the initial vo  :tric inventory and T| is the leachir period.
The leaching period is def ' to be the duration required to release half
of the original inventory, neglecting decay. Details of the input format
for these two injection rate options are found in section 4.0. -

An important specic c¢ :, constant injection, is easily simulated
using the general piecewise near rate option with two points. Under the
assumption of negligible dec ', the release interval (i.e., the duration
required to deplete the inve ory) is the reciprocal of the constant
fractional mass injection rate. I[f in this case decay is also significant,
an effective time interval of injection can be determined as in appendix A
of Kline et al. (1983).

13
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more than three orders of magnitude), the steg size may not be appropriate
for all members. In particular, if for the j'N daughter in a chain at some
step of size at

ni (17
T-}j <08 at , (17)

then this component might be in secular equilibrium with its parents. The
numerical criterion used to determine the applicability of the equilibrium

assumption given that equat »n 17 holds is

.
K

Tyj 3“"“ogp y (16)

- Jk

where the subscript k represents the parent component. In the case that
both equations 17 and 18 hold for the jth daughter, then numerically the
daughter is simply replaced by the j + 1St daughter and the total number, n,
of daughter product is reduced by 1. If for the jt th daughter equation 17
holds but equation 18 does n ., the decay chain remains intact. However, in
this latter case one should be watchful for signs of instability in the
solution for concentration of the jth daughter and its subordinates.
Finally, if a species for wh :h no parents are specified satisfies

equation 17 at some step, it is assumed that the species quickly decays to
zero concentration and is ignored in any further computations. In practice,
it is found that these auto ic disenchainment features are not overly
stringent and are rarely in ed because the user has sufficient information
(Rd, Om, at, T3, and P) to avoid inputting a stiff probiem.

3.7 SIMULATION RESTART

Restart capabilities are particularly useful in simulations that span
long time periods relative to the time-step size. The first interval of
time steps can be checked for errors before continuing an extensive run.
After a given time period, perturbations in the system can be simulated by
changing values in the input data file and restarting the run.

The user flags the initial run to generate the restart output file by
using parameter IS4 to specify a logical unit number (LUN). The file so
generated will contain data from the last time step completed. When the
restart run is started, the LUN formerly entered as IS4 is specified as the
input restart file using parameter IS3 (see card type C).

Note that the primary input file must be provided in its entirety for
the restart run, but modifications may be made to some parameters such as
material properties and boundary conditions. No modifications may be made
to the geometry. -

15






RHO-BW-CR-144 P

In the descriptions that follow, an integer value is specified by using
the FORTRAN editing code of Ixx, where the I stands for integer, and the
xx is a number indicating the length of the field that will contain the
integer number. Examples are as follows:

o I5 - Integer fiel 5 digits long
e I10 - Integer fiel 10 digits )ng.

A1l integers must be right-j itified within their respective fields or
erroneous results will occur.

Re¢ numbers can be entered in two forms. The first is called a real
fixed-point number and is entered as a string of numerals with a decimal
point. If required, they may be preceded by an algebraic sign and should
not have any commas or blanks embedded in them. Examples are as follows:

e 3.14159
e 2034.
e -1.0
e +2.57

In the descriptions that follow, a real fixed-point value is specified
by using the FORTRAN editing code of Fxx.xx, where the F stands -for real
fixed, and the xx is a number indicating the length of the field that will
contain the real number- The xx that follows the decimal point indicates
the number of decimal p 1ces that will be assumed if no decimal point is
entered. Examples are as fol )ws:

e F10.2 - Real number in a field 10 digits long with an assumed
decimal point two places to the left of the last digit.
A number e ered as 1024 will be interpreted as the
value 10.2

e F10.0 - Real number in a field 10 digits long with no assumed
decimal po t. A number entered as 1024 will be
interprete as the value 1024.

A1l numbers entered must fit within the field specified, or errone Is
results will occur,

A real floating-point number consists of a string of numerals with a
decimal point and may be preceded by a sign (as in the real fixed. nt
number). However, the real f jating-point number is followed by an t and up
to a two-digit number (three digits on some machines) which indicate the

17
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4.0 INPUT PREPARATION

4.1 INTRODUCTION

Preparation of input fi a CHAINT simulation consists of a series of
interrelated but identifiable steps. These steps are as follows:

1. Construction of a suitably discretized geometric model that takes
into account the terials comprising the various regic s of the
spatial domain '

2. Specification of - e initial and boundary conditions

3. Specification of - 2 material properties and radionuclide decay

paths
4. Specification of the program control parameters and time-step
sequences.
While the following input « 1 descriptions will not follow these points in
the order given, each item uld be kept in mind to ensure completeness of
the data set representing - problem.

The input data for CHA! are entered in a very definite, controlled
order. In some cases, data entered early in a data set control the type and
quantity of other data entered later. Care should be taken to ensure that
the values entered in these cases are consistent.

A11 the card types av ible to the user for input are presented in the
following two subsections. e parameters that are entered on each card are
described in section 4.2. Section 4.3 is a summary of the card types giving
column numbers, FORTRAN var- ile names, editing codes, and short field
descriptions for easy refer¢ e during setup of simulation input. In both
instances, the card types are given in the order of their occurrence in an
input stream.

4.2 INPUT DATA DESCRIPTION

An in-depth description of each input parameter is found in this sec-
tion. Numbers appearing in  -entheses represent allowable values for some
parameters that have a 1limit range of choices.
Card Type A Title Card

TITLE - This parameter ; a character string of up to 80 char :ters

that may be input to describe the analysis. It is limited to one card.

This title field will be out t as part of the header on the CHAINT
printout.

19
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If NVEL=0, a uniform ve )city field is defined y a single input
record. If NVEL=1, the velocity will be input by material type on input
cards. This means that NMAT records will be input, each representing the
velocity in a specified material. The velocity is uniform over the elements
comprising a material type. If NVEL=2, the velocity field will be
calculated from the head data read in from file IS2. The data expected on
this file is a history data set. This file would typically contain all the
head data generated at all the time steps from a MAGNUM-2D run. If NVEL=3,
the velocity field is again calculated from the head data on file 152, but
this file is only read for a single set of head values (the assumption being
that the head field is constant).

Summary: NVEL=0 determines when card type Ol is used; NVEL=1 deter-
mines when card type 02 is used; and NVEL=2 or 3 determines how the data
from file IS2 is interpreted.

NCFLX - This parameter specifies the number of constituents (contami-
nants, either original or dec r daughters) that will be included in the flux
output file. With the ai of a postprocessor, this file is use to cal-
culate the mass flux across a boundary (defined by card type P2) and con-
trols the amount of data input using card type Pl. The data file ‘:nerated
for this analysis is written to the logical unit specified by IS7.

NSYS - This parameter controls the type of coordinate system to be used
in defining the simulation mc :1. The choices are Cartesian (0) or axisym-
metric radial about the Y axis (1).

. NSUMS - NSUMS=1 invokes an appication debugging option. The output
from this option is the total contaminant released into the domain from all
boundary conditions.

Card Type C File Assignments

CHAINT is designe to al »w data to be read from or written to a mass
storage device. The user must provide LUNs for optional files that are
being used. Each system will have a slightly different way of associating
LUNs with files so the system documentation should be consulted for advice
¢ how to accomplish this. The default input unit (defined internally) is
[IN=5 and the output unit is IIQUT=6.

IS1 - This field is a dual-purpose indicator with the following
interpretation:

[S1=0 implies that a g \1 initia condition is to be read for each
constituent from the primar iput file. Otherwise there must be an initial
condition card for each node for each constituent. Moreover, in this latter
case, I[S1<0 implies that the entries are in the primary input file;
otherwise the entries are read from logical unit ISl.

21
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Card Type G Constituent Activation

ISLT - This parameter is used to indicate the contaminant or decay

. daughter to be considered for calculation during the analysis. The data

input will consist of a series of zeros (or blanks) and ones. Each number
one indicates that a constituent is active. There is a one-to-one correla-
tion betveen the entries on 1 is card type and the entries on card type H.
The left-most entry on this « 'd type corresponds to the first entry in H.

Card Type H Decay Coefficients

This card type and the next card type define the contaminant character-
istics and the characteristics of its daughters, if any. Each of the con-
stituent types must be defined here. This card type also defines the
nuclide decay chain.

L - This parameter spec’ ies the constituent number. Since this
parameter is used as an index to an array, it is recommended that the user
select constituent numbers that start with the number one and are contig-
uous. This is not strictly required, but the arrays used by the program are
typically small and choice of a number outside the array range will result
in an error. The maximum number of constituents is in turn control :d by
FORTRAN parameter MQL (see aj ‘'ndix A).

AMU - This parameter spt ifies the mass number for the current
constituent.

DIAG - This parameter specifies the atomic half-1ife of the current
constituent in years.

[SU(L,1) - This parameter specifies the first daughter constituent
number. That is, it tells wi :h of the constituents defined on an Hl card
type results from the decay ¢ the current constituent.

Foar/ 1) - This parameter specifies the splitting fraction of the
first uauyhter whose number was specified in ISU(L,1). It tells what
percent of the parent becomes daughter.

ISU(L,2) - This parameter specifies the second daughter const1tuent
number. Only two daughters 1 r be defined.

FRAC(L,2) - This parameter specifies the splitting fraction of the
second daughter whose number was specified in ISU(L,2). It determines what
percent of the parent becomes daughter.

CMA™ _ This parameter specifies an optional name which may be associ-

ated witn this constituent. : may be a maximum of six characters )ng and
will be printed in the output table of concentrations.

25
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IMAT - This parameter specifies the material type used for this ele-
I

t must correspond to e of the material types defined on the type

ment.
F cards.

NFIXH - This parameter specifies the order in which this element will
be considered during the solution phase of the simulation. These values may
be input by the user but are typically modified by one of the preprocessors
that optimizes the model geometry.

Card Type J Coordinate (Geometry) Definition

This card type should be omitted if a data file is being used for
geometry input, i.e., if IS6 is nonzero on card type C. The number of sets
of the following parameters s uld correspond to the value entered for the
number of node points (NP) on card type B.

N - This parameter specifies the number of the node being entered.
Like the elements, the nodes need not be entered sequentially, although this
makes the entry less prone to error, but node numbers must be contiguous and
start with the number one.

CORD(N,1) - This parameter specifies the x coordinate of the node
point.

CORD(N,2) - This parameter specifies the y coordinate of the node
poi .. .

Card Type L1 Initial Condition Definition by
Constituent Type

The use of this card 'pe is controlled by the value of variable IS1
entered on card type C. If IS1=0, a single card of this type is used to
specify the global initial value of concentration for each constituent. A
total of NQAL of these cards is needed.

LK - This parameter spec ‘ies the constituent for which the initial
condition is being entered.

TOLDQN;LK) - This parameter specifies the concentration to be used
initially for all node(s) in the model for the constituent LK. It is
entered in milligrams per liter (mg/L).

Note that if a restart simulation is being performed, the initial
condition specification must : present for the restart run to be valid.

27
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Card Type 01 Initial Darcy Velocities: Uniform Field
Defined by a Single Card

The use of this card type is controlled by the parameter NVEL entered
on card type B. If NVEL=0, this card type is used to describe the constant
and uniform velocity field to he used. Only one card is input, and the
velocities are used for all e 'ments in the model.

UL - This parameter spec ‘ies the x-component of flow, U, in meters per
year (m/yr). :

VL - This parameter spec ‘ies the y-component of flow, V, in meters per
year (m/yr).

Car+ Type 02 Initial Darcy Velocities: Varying Field
Defined by Material Type

The use of this card type is controlled by the parameter NVEL entered
on card type B. If NVEL=1, this card type is used to describe the constant
and uniform velocity field to be used. One card is input for each material
type, and the velocities are used for all elements in the model with the
corresponding material types. The NMAT records of this card type are
required.

N - This parameter specifies the material type (entered as parameter J
on. card type F) for which the following velocities w111 be. entered.

UL - This parameter spec ‘ies the x-component of f]ow, U, in meters per
year (m/yr).

VL - This parameter spec ‘ies the y-component of flow, V, in meters per
year (m/yr).

Card T-pe Pl Mass Flux Constituenfs

The use of this card t je is controlled by the parameter NCFLX on card
type B and by parameter IS7 ¢ card type C. It is used to specify the
constituents for which the ma = flux across a boundary can be determined.
It is omitted if either NCFLX<1 or [S7«1.

ICFLX(N) - This parameter specifies a constituent number, as entered on
card type Hl. It may be repe ed for as many constituents as needed. Up to
16 values may be entered on € :h record. The NCFLX values (see card type B)
are required.

Card Type P2 Nyr er of Flux Surface Elements

The use of this card type is contrulled by the parameter NCFLX on card
type B ?nd by parameter IS7 ¢ card type C. It is omitted if either NCFLX<1
or IS7<«1.

29
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NLE(I) - This parameter specifies the element numbers of the elements
that are to be considered as 1e mass sources in the model. The number of
these elements is controlled by the parameter NLD on card type Q above.
Each record may contain eit t fields at most, and the records may be
repeated as many times as nee d.

Card Type S Mass Release Rate History
This card type is omitte if NLD=0 on card type Q.

The loading is specified by defining a set of node points in time at
which the mass release rate is known. The range of times input must bracket
or coincide with the range red by the simulation. Any times used by the
simulation, but not input, interpolated as long as the input times
bracket the time required. This interpolation thus requires that a minimum
of two time/load pairs be inp ..

TLE(I) - This parameter specifies the time of the load being entered
for the next parameter. It is given in years (yr).

RLE(I,J) - This parameter specifies the load for the time entered in
TLE(I). The NQAL values are entered for each time, one for each constituent
specified on card type Hl. The interpretation of these values is made based
on the value of NLD. If NLD> then RLE is the mass loading rate ren in
grams per cubic meter per year (mg/L-yr.). If NLD<O, then RLE is the
initial inventory at this time given in grams per cubic meter (mg/L . If
NLD<O, the release rates are ralculated internally for each constituent
using the release period Ri ‘rom card type Q, and the initial mass is
entered here. Finally, if :0, TLE(I) is not used

These time and load value sets are input as many times as nee :d to
define the loading history.

4.3 INPUT DATA FORMAT

Card Type A Title Card
- 1-80 TITLE 20A4 Title or description of this ana sis, up

to 80 characters.

Card Type B Control Parameters

01-05 NQAL I5 Number of constituerts (dissolved
components, including all daughters).

06-10 NE I5 Number of elements in the model.

11-15 NP I5 Number of nodes in the model.

31






11-15 IS3
16-20 IS4
21-25 IS5
26-30 IS6
31-35 IS7
Card Type D
01-10 SSF
11-20  ALFA
21-30 XSCALE
31-40 YSCALE
41-50 USCALE
51-60 VSCALE
[awd Type E
01-05  NTS(I)
06-10  NTSG(I)

I5

I5

IS

I5
I5

Fl0.
F1

F10.
F10.
F10.
Fl0.

IS
I5
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Restart input data file (generated

by an earlier CHAINT run).

=0 No input file.

Restart output data file (to be generated

for use by a later CHAINT run).

= 0 No output file.

Plot file logical unit number:

=0 No file produced.

> 0 Generate plot records at the end of
each group of time steps.

< 0 Generate plot records at the end of
each individua time step.

Geometry input file.

Binary mass flux output file.

Constants/Scale Factors
Initial time (year).
Weighting factor 1 < 6 < 2.
X-coordinate sc e factor.
Y-coordinate scale factor.
X-velocity scale factor.

Y-velocity scale factor.

Note: USCALE and VSCALE are applied only
to velocities i1 t 1 card types Ol and
02.

Dynamic Contrc Card

(This card is repeated up to NTT times.
Terminate this card type set with
NTS=9999.)

| wer of time steps.

Printout frequency.
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01-05
06-10
11-20
21-25
26-35
36-40
41-50
51-56
61-70

L
AMU (L)
DIAG(L)
ISU(L,1)
FRAC(L,1)
ISU(L,2)
FRAC(L,2)
CNAM(L)
EPSN(L)

Card Type H1

01-10

11-20

21-30

01-10

11-20
21-30

J
OML(1,1)

DML(1,2)

J
DML(2,1)
DML(2,2)

e T A e m e e Tt SRS T T

I5
Fs.
F10.0

F10.0

I10
E10.1

E10

I10
E10.
E10.

RHO-BW-CR-144 P

Constituent number.

Atomic number of constituent.
Half-life, T% (years).

First daughter constituent number.
Splitting fraction for first daughter.
Second daughter constituent number.
Splitting fraction for second daughter.
Constituent name.

Cut-off threshold for concentrations.

Molecular Diffusivities

At least one card is required for each
constituent. Each card contains dif-
fusivity values for up to eight material
types.

Constituent Number

Diffusion coefficient for constituent
number 1 in material number 1 (m/yr).

Diffusion coefficient for constituent
number 1 in material number 2 (mZ/yr).

Constituent Number
In generd], OML (J,I) is the coefficient

of molecular diffusion for the Jth con-
stituent in the Ith rock type.
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51-55 NFIXH(J)
Card Type J

01-05 N

06-15 CORD(N,1)
16-25 CORD(N,2)

Card Type L1

01-10 LK
11-20

Card Type L2

01-10 N

11-20  TOLD(N,L)

TOLD(N, LK)

I5

I5
F1 3
F12.3

Il
F1 O

I
F1 O

D I L I

RHO-BW-CR-144 P

Element ordering array. This parameter
is the number of the Jth element to
process and may be used to optimize the
solution of the matrix equations by
modifying the frontwidth.

Coordinate (Geometry) Definition

The number of cards for this card type
set is controlled by the parameter NP
defined earlier. OMIT this card type set
if a geometry input file is used; i.e.,
if IS6 is NOT equal to zero.

Node number.

X-coordinate (m).

Y-coordinate (m).

Spatially Constant Initial Conditions.
Read only if IS1 = 0 in which case NQAL
cards are required. Use card type L2 if
ISI # 0. See card type C.

Constituent number.

Initial concentration for all nodes for
this constituent (mg/L).

Spatially Varying Initial Conditions.

Read only if IS1 # O.
NP cards are required.

NQAL sets of

yde number.

Initial concentration of constituent L at
node N (mg/L).

There must be NQAL sets of cards provided
with each set containing NP cards of this

type (one for each node). See card
type C.
Note: If a restart run is being made,

the initial conditions must still be
specified.
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25-32 RLE(1,3) 8.0 Mass release (as above) for time 1
. . . constituent 3.
: : (Repeat as many cards as needed to

provide NQAL values, leaving the first
field (F8.0) blank until next time value
is required.)

Continue entering time and load input
sets (a time value followed by NQAL
release values) until load history is
defined. Repeat this card type as many
times as needed.

Note: Only a time value may be entered
in Columns 1 through 8. On continuation
cards, the data values start in Column 9
and enter in fields 8 long. The

NQAL release values MUST be provided.

5.0 OUTPUT
5.1 INTRODUCTION
The output from the CH ' program takes two forms. The first is the
printed output that reports the input data, the parameters that were set,
the events that took place ng execution, the concentrations that were

calculated at the vari s t steps, the duration of the run (in model
time), and so on. The second form of output is composed of the various data
files that are created for by postprocessing programs such as CHTFLX.
This section will give an overview and some explanation of the printed
output report file and the possible use of each of the other files.

5.2 PRINTED REPORT

The CHAINT program gener es a report file suitable for spoc ing to a
printer. The contents of thi report may be modified by the input data
using the parameters IECHO, | 0, and NCFLX, which appear on card type B.
These parameters are describe 1in section 4.2 and are discussed in
section 4.3; therefore, no further explanation will be given here. However,
their effects will be pointed out in the following discussion.

For examples of tne outpt report, please consult appendix D, xample
Problems.
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6.0 NOMENCLATURE

Interpretation

Retardation

Effective porosity
Concentr .ion

Time coordinate

Global s ice coordinates
Local sp e coordinates
Darcy velocity

Hydrodyn ic dispersion coefficient
Decay rate

Mass source strength
Coefficient of molecular diffusion
Dispersivity

Lateral rcy velocity
Vertical arcy velocity
Groundwater speed
Sorptioﬁ coefficient
Bulk density

Half-1life

Splittin fraction
Injection rate

Tot¢ number of nodes
Shape fu tion

Residual

Galerkin functional

45
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Units
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PRIMOS Files

In PRIMOS the LUNs are associated with the appropriate files by using
the OPEN command. It should be noted that the PRIME version of CHAINT
requires special attention to the assignment and use of LUNs. The numbers
used in section 4.3 for card type B are the FORTRAN logical unit numbers.
These numbers have a range starting with one and going to a maximum value
(consult the current PRIME FORTRAN manual). These are decimal numbers.

The PRIMOS LUNs, however, are octal numbers and have an offset of four
relative to their FORTRAN counterparts. The following table shows the
arrangement:

FORTRAN  a2cimal) PRIMOS (octal)

1 user terminal
2 paper tape

3 card reader
4 serial printer
5 1

6 2

7 3

8 4

9 5

10 6

11 7

12 10

13 11

Note that the arrangement shown means the FORTRAN I/0 LUN 5 and LUN 6
correspond to the PRIMOS LUN and LUN 2, respectively. Great confusion may
~occur on the PRIME if the user does not take this situation into considera-
tion when developing command files and defining the OPEN commands.

The CHAINT Organize*i~n Diagr s

The control flow for the CHAINT program is shown in figure A-1, and the
calling hierarchy among the subroutines is shown in figure A-2.
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i
VEL ROVEL - UPDATE
LOADS
|
MASS COMPONENT LOOP
FALSE UPDATED
FRONT RIGHT RESOL
SIDE?
ot
PRINT
FLUX
FALSE
TIME STEP LOOP
LASTTIM: FALSE
INTERVAL?
TIME INTERVAL LOOP
I sToP
| PS84-2133-A-1
FIGURE A-1. p-Level Control for CHAINT. (sheet 2 of 2)

A-11












RHO-BW-CR-144 P

MODEL GENERATION WALK THROUG

The first step in the generation of any finite element model is the
determination of the exact geometric definition of the model. This should
include dimensions and locations of all features associated with the region
being modeled, such as voids, varying material types, heat and fluid
sources, etc. Once this data is collected, the modeler must determine the
optimum form of the model to ensure accurate mathematical representation of
the region and, therefore, accurate results. If the area of highest gra-
dient can be identifie beforehand, often the modeling effort is simplified
and the model size is limited, since this allows the high element density to
be restricted to those high-gradient regions.

One successful method fc the creation of the model has the modeler
start with a sketch of the region to be modeled. Any identifiable sub-
regions are then indicated i.e., subregions composed of a single material,
voids, etc.), and a plan of attack is determined, such as modeling these
subregions and merging them into a whole model. This technique will be
assumed in the following discussion.

A data flow diagram for the preprocessors and files discussed in this
section is shown in figure B-1. It is recommended that the reader follow
this diagram while reading the following paragraphs.

Often the first program to be used, and perhaps the only one needed
depending on the complexity of the model, is GEN. If it is convenient to
. produce the entire model or complete subregions with GEN, the task is sim-
plified; however, GEN may also be used to generate a preliminary coarse mesh
to which the refinement data is added using an editor, and this file is then
run through FEMESH to refine and enhance the mesh.

Note that in creating the mesh for subregions, great care should be
exercised to ensure the boun .ry nodes are located at common geometric
points so merging the meshes is possible. [f the points do not coincide or
at least vary with a constant x- or y-dimension offset, it will be necessary
to modify a potentially large number of coordinates before merging is fea-
sible. This can be very time consuming and difficult.

If a transition zone is necessary between regions of varying element
densities (i.e., between regions of suspected high and low gradients), then
TRGEN may be used to produce the zone as a separate region.

The various "pieces" of the model may be combined or merged using
MERGE. This program will take any two geometry files and attempt to merge
them at their common node points; thus, the user may have to use - is pro-
gram several times depending on the number of subregions being combined.

The MERGE code (1ike ME! :R, MOD, and REFINE) has the ability to write the
new geometry back into an old file or onto a new file, thus preserving the
subregion data files for future use. A good precaution to take is to main-
tain all the component geometries until the model generation, or some phase
of it, has been verified to be correct. This allows the user to redo a por-
tion of the geometry from the last correct phase in case a mistake is made.
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MAGNUM PLOT DATA

MAGNUM INITIAL CONDITIONS

MAGNUM
FLOW AND
TEMPERATURE
FILE

MAGNUM
INITIAL
CONDITION
FLE

MAGNUM
RESTART
DATA
MAGNUM MAGNUM INPUT DATA
DATA INPUT
FILE P MAGNUM2D
reuw FIELD
* DATA
GEOMETRY DATA
GEOMETRY MAGNUM
FILE GROUNDWATER
VELOCITY FILE
h——’
CHAINT CHAINT
* DATAINPUT >
FILE CHAINT INPUT DATA

CHAINT
RESTART
DATA

MAGNUM
NUMERICAL
REPORT FILE

.

PRINTED
REPORTS

1

CHAINT PLOT DATA

>

CHAINT
NUMERICAL
REPORT FILE

<

FIGURE -B-2.

MASS FLUX DATA

CHAINT |
CONTAMINANT
CONCENTRATION
FILE

MAGNUM-2D/CHAINT Data Flow.

CHAINT MASS
FLUX FILE

P884-21)3.82
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CONC,
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0.7 4
0.6
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ONE DIMENSIONAL FLOW/DISPERSION
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X POSITION
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TIME
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FIGURE D-2.

Concentration Cross Sections at Selected Times.
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Concentration Contours for Component One at 100 Years.
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LISTING D-1. Input Data File for Test Case One. (Sheet 1 of 2)

ONE DIMENSIONAL FLOW/DISPERSION

1 12 63 ] 1 1 2 o) 1 o /#CNTRL
o] ] (] o -11 o 13 /#FILE UNITS
0. 1.8 0.0 0.0 0.0 0.0 /#STRT TME
4 4 1.0
3 3 2.0
2 2 3.0
8 a 10.0
9999
1 1. OE-1 1. OE-1 2900. 0 0.1 0.0 ROCK
1 /#CON SEL
1.0 1. OE+11 o] 0.0 (] 0.0 CONCEN 0. OE+00
1 2. 0E-01 /#*MOL DIFF
1 0. 31033 /*8ORPTION
1 1 2 3 a7 41 40 39 26 1 1 /9QEQMETRY
2 3 4 3 28 43 42 41 27 1 2
3 9 6 7 29 43 44 43 28 1 3
4 7 8 9 30 47 44 43 x4 1 4
9 9 10 11 31 49 48 47 30 1 9
] 11 12 13 » N 30 49 <} ) 1 6
7 13 14 13 33 33 392 31 -4 1 7
8 19 16 17 34 99 54 93 fe < 1 8
9 17 18 19 33 97 36 99 34 1 9
10 19 20 21 6 39 %8 37 33 1 10
11 21 22 2 37 61 &0 99 36 1 11
12 23 24 29 38 63 &2 61 37 1 12
1 0. 000 0. 000 0. 00 0. 00
2 0. 030 0. 600 0. 00 0. 00
3 0. 100 0. 000 0. 00 0. 00
4 ©0.173 0. 000 0. 00 0. 00
3 0. 230 0. 000 0. 00 0. 00
[} 0.373 0. 000 0. 00 0. 00
7 0. 300 0. 000 0. 00 0. 00
e 0. 623 0. 000 0. 00 0. 00
9 0. 730 0. 000 0. 00 0. 00
10 0. 873 0. 000 0. 00 0. 00
11 1. 000 0. 000 0. 00 0. 00
12 1. 330 0. 000 0. 00, 0. 00
13 1..900 0. 000 0. 00 Q. 00
14 1. 730 0. 000 0. 00 0. 00
13 2. 000 0. 000 0. 00 0. 00
16 2. 300 0. 000 0. 00 0. 00
17 3. 000 0. 000 0. 00 0. 00
18 3.730 0. 000 0. 00 0. 00
19 4. 300 0. 000 0. 00 0. 00
20 9. 2% 0. 000 0. 00 0. 00
a1 6. 000 0. 000 0. 00 0. 00
22 7. 000 0. 000 0. 00 0. 00
a3 8. 000 0. 000 0. 00 0. 00
24 9. 000 0. 000 0. 00 Q. 00
29 10. 000 0. 000 0. 00 0. 00
26 0. 000 0. 050 0. 00 0. 00
27 0. 100 0. 030 0. 00 0. 00

0-9



RHO-BW- 144 p

LISTING |. 1 )ut Data File for :st Case O (Sheet 2 of

28 0. 250 0. 090 0. .00 0. 00
29 0. 300 0. 090 0. 00 0. 00
30 0. 750 0. 050 0. 00 0. 00
)} 1. 000 0. 050 0. 00 0.00
32 1. 500 0. 050 0. 00 0. 00
33 2. 000 0. 050 0. 00 0.00
34 3. 000 0. 050 6 00 0. 00
39 4. 500 0. 0950 00 0.00
36 6. 000 0. 050 00 0. 00
rd 8. 000 0. 090 00 0.00
38 10. 000 0. 0590 v. 00 0. 00
39 0. 000 0. 100 0. 00 0. 00
40 0. 030 0.100 0. 00 0. 00
41 0. 100 0. 100 0. 00 0. 00
42 0. 175 0. 100 0. 00 0. 00
43 0. 290 0. 100 n ny 0. 00
44 0. 373 0. 100 b 0. 00
49 0. 3nn 0. 100 ) 0. 00
46 0.6 0. 100 ) 0. 00
47 0. 730 0. 100 ) 0. 00
48 0. 873 0. 100 ) 0. 00
49 1. 000 0 100 ) 0. 00
S0 1. 2%0 100 ) 0.00
31 1. 300 v. 100 v ) 0. 00
o 1. 7% 0. 100 o D 0. 00
53 2. 000 0. 100 0. w0 0. 00
o4 2. 300 0. 100 0. 00 0. 00
59 3. 000 0. 100 0. 00 0. 00
36 3. 750 0. 100 0. 00 0. 00
57 4. 300 0.100 0. 00 0. 00
58 9. 2%0 0. 100 0. 00 0. 00
99 6. 000 0. 100 n 00 0. 00
&0 7. 00 0. 100 Do 0. 00
61 8. 000 0.100 0. 00 0. 00
b2 9. 000 0.100 0. 00 0. 00
&3 10. 000 0. 100 0. 00 0. 00
1 0.0 /aINI CON
1 1.0 /#BND CON
23 0.0
26 1.0
38 0.0
9 1.0
&3 0.0
1 0.09 0.0 /eVEL
1 /SMASFLX
l -
3
o /7eL.0OAD
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LISTING D-2. The F MOS Command File for Test Case One.

EAT SEERUN

EAT PRT

EAT MASFLX

EAT RLT

COMO SEERUN

TIME

DATE

OPEN DATA 1 1

OPEN PRT 2 3

OPEN WORWSPACE 14 3
OPEN RLT 7 3

OPEN MASFLX 11 3
SEG XQT>#CHAINT DML
TIME

CLOSE WORKSPACE

EAT WORKSPACE

COMO -E

CLOSE ALL

D-11



LISTING D-3. Output Report File for Test Case One.

VERSION 2 1 (Revision 1.)

WED. NOV 06 1983

08:01: 04

USER = LANGFORD

1.D. = 1106830801

[Py

o
~J

(Sheet 1 of 9)
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LISTING D-3. Output Report File for Test Case One. (Sheet 2 of 9)

#ssss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sssass
##% MULTICOMPONENT NUCLIDE TRANSPORT WITH DECAY CHAIN PROCESBES #as

ONE DIMENSIONAL FLOW/DISPERSION

... PROBLEM CONTROL PARAMETERS. . .

NUMBER OF CONSTITUENTS. .. ... .. ...... .. ... ... . . . .. . .
NUMBER OF ELEMENTS. .. ... ... ... . . . .
NUMBER OF NODES. .. ... ...... . .. .
NUMBER OF SPECIFIED BOUNDARY NODES
NUMBER OF MATERIAL TYPES........ ... ......... . . ...
INPUT ECHO PRINT OPTION (O-NONE. 1-PRNT)
OUTPUT PRINT OPTION (1-FULL. 2-ABRV).. . ............ .. .~
VEL FIELD TYPE (O-ONE CARD, 1-BY ROCK TYPE . .
2-VARYINO ON FILE. 3-STEADY ON FILE). ..
NUMBSR OF MASS FLUX 1 T8 .. ..
COORD S8YSTEM (0-CARTw.c.rws, ~.u~-RADIAL ABOUT X=0.0)......
CONTAMINANT INTEGRATION OPTION (O-INHIBIT, 1-PERFORM). . .

O o

OO0 Ne==pUN~

INITIAL CONDITION TYPE (<>0-MULT CARDS, O-SINGLE CARD. . .
INPUT VELOCITY FILE (LW)
INPUT RESTART FILE (LW

£€1-0
re
2
@s
Im
co
-
"3
-y
=
me
-y

~r
~m
<.
~C
?v
:
A
?
[
-
v
[

>

<

v

o

A
z

<

S

b

-~

1

-

. -
O WO=000O

(=]

X S8CALE FACTOR
Y SCALE FACTOR
U SCALE FACTOR
V 8CALE FACTOR

. 000
. 000

__é,

..................... 1. 800

NUMBER OF TIME STEPS PRINT INTERVAL TIME STEP (YRS) TIME (YRS) ZONEL (M) IONER (M) ZONET (M) ZONEB (M)
4 4 1. 000 4. 000 0. 0000E+00 0. O000E+00 0. 0000E+00 O O000OE+00
3 3 2 000 10. 00 0. 0000E+00 0. 0000E+00 0. 0000E+00 0. 0000E+00
2 2 3. 000 20. 00 0. 0000E+00 0. 0000E+00 0. 0000E +00 0 0000E+00
a -] 10 00 100 0 0. 0000E+00 0. 0000E +00 0. 0000E+00 0 OOO0OE +00
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LISTING D-3.

CONC

Output Report File for Test Case One.

(Sheet 4 of 9)

BOUNDARY VALUES FOR CONSTITUENTS 1 THROUGH

1

NODES (COUNTERCLOCKWISE)

N3
19
17
19
21
23

NODE
1 . O0OE+00
29 . 000E-01
26 . OOOE+00
38 . O00E-01
39 . OCOE+00
&3 . OOOE-01
..... CONSTANT DARCY VELOCITY SPECIFIED. . ...
UL X VELOCITY (RM/YR) 9. 000E-02
viL Y VELOCITY (M/YR) 0. 000E-01
sssss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYESIE s#sss
##% MULTICOMPONENT NUCLIDE TRANSPORT WITH DECAY CHAIN PROCESSES wu#
ONE DIMENSIONAL FLOW/DISPERSION
e NODAL CONNECTIONS AND MATERIAL NUMBERS. . .
ELEMENT NODES(COUNTERCLOCKHWISE) TYPE ORDER, ELEMENT
M N1 N2 N3 N4 N2 N& N7 NB L N1 N2
1 1 2 3 27 41 40 39 26 1 1, 7 13 14
2 3 4 9 20 43 42 41 27 1 2, 8 13 16
3 3 [ 7 29 43 44 43 28 1 3 9 17 18
4 7 e 9 30 47 46 49 29 1 4, 10 19 20
3 9 10 11 31 49 48 47 30 1 9, 1 21 22
& 11 12 13 2 31 30 49 <)} 1 & 12 23 24

29

N4
a3
34
a3
3é
a7
as

Né&
32
24
26
%8
60
&2

N7
31
33
33
37
59
&1

TYPE

e gt P b Om P

ORDER

o
Ne=O0dD~
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LISTING D-3.

Output Report File for Test Case One.

(Sheet 5 of 9)

. NODE POINT COORDINATES (M).

NODE X CORD Y CORD., NODE X CORD Y CORD, NODE X CORD C ). NODE CORD Y CORD
1 0. 00 0. 00, 17 3. 00 0. 00, 33 2. 00 0. 03, 49 1 00 0.10
2 0.0% 0. 00, 18 3.79 0. 00, 34 3.00 0. 09, s0 1.29 0 10
3 010 0. 00. 19 4 30 0. 00, 3as 4. %0 0. 09. 31 1.%0 010
4 0. .18 0. 00, 20 9. .23 0. 00, 36 &. 00 0. 09, 32 1.79 0 10
s 0. 29 0. 00, 21 6. 00 0. 00, a7 8. 00 0. 03. 53 2.00 0.10
6 0.37 0. 00, 22 7. 00 0. 00, 38 10. 00 0. 09, 54 2 %0 0 10
7 0. %0 0. 00, 23 e. 00 0. 00, 39 0.00 0. 10, L1 ] 3 00 0 10
8 0 62 0. 00, 24 9. 00 0. 00, 40 0.09 0. 10, % 379 0.10
9 0.79 0. 00, 2s 10. 00 0. 00, a1 0.10 0. 10, 57 4.50 0.10
10 0.87 0. 00, 26 0. 00 0. 09, 42 018 0. 10, 58 5. 23 0 10
11 1. 00 0. 00, 27 0.10 0.09, 43 0.29 0. 10, 99 6.00 0.10
12 1.29 0. 00, 28 o. 0. 08, aa 0.37 0. 10, 60 7. 00 0. 10

13 1. %0 0. 00, 29 0. 2v 0. 09, L) 0.%0 0. 10, 81 B. 00 0.10
14 1.79 0. 00. 30 0.79 0. 08, a6 0. 62 0. 10. 62 9. 00 010
19 2. o0 0. 00, 31 1.00 0.09, 47 0.79 0. 10, 63 10. 00 010
16 2.5 0. 00, 32 1.90 0.09, 48 0.87 0. 10.
...... MASE FLUX COMPUTATIONAL DATA. .. . .
DATA FOR THE FOLLOWING 1 CONSTITUENTS WILL INCLUDED IN THE MASS FLUX T

1) CONC

MASS FLUX SURFACE NUMBER 1 IS DEFINED BY THE FOL
3

FLUX SURFACE NUMBER 1 18 OFEN,
DEFINED BY THE FOLLOWING 2 NODES
e 6

re.

saas INPUT BINARY FILE TRACEBACK INFORMATION sssas

GEOMETRY FILE READ ON UNIT 9. CREATED BY

THE TITLE 18:

CHAINT 2.2
THE RUN 1.D. I8 1106835080i, THE UBER 18 LANGFORD

d vPT1-40-M8-0HY




LISTING D-3. Output Report File for Test Case One. (Sheet 6 of 9)

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED, SIMULATION TIME = O OO00E-O1

CONSTITUENT USAQE DECAY RATE(S8)

1 CONC 1 &. 921E-12
wante WARNING #eews PECLET NUMBER AT ELEMENT 8 ( ROCK ) I8 1. O0Q0E+00
snnsne WARNING #wass PECLET NUMBER AT ELEMENT 9 ( ROCK ) 18 1. 9000E+00
#anas WARNING #nnes PECLET NUMBER AT ELEMENT 10 ( ROCK ) I8 1. 3000E+00
*atae WARNING #nans PECLET NUMBER AT ELEMENT 11 { ROCK ) I8 2. O0000E+00

seanns WARNING #sses PECLET NUMBER AT ELEMENT 12 ( ROCK ) 1§ 2. Q000E+0Q0

... RESULTS AFTER 4. 000 YEARS OF SIMULATION. ..
o e CONCENTRATIONS FOR CONOBTITUENT NUMBER 1 CONC. mMG/LIT . ....
L
. r—
~ 1 1. 0000E+00 9 1. 4967E-01 17 9. 8792E-06 2% 0. DO0OE-01 33 2 1179E-04 41 8. 8980E-01 49 4. L744E-02 97 8. D667E-07
2 9. 9082E-01 10 8. 43988E-02 18 0. 0000E-01 26 1. 0000E+00 34 9. B792E-06 42 7. 8211E-01 30 1. 3221€-02 98 0. 0000E-01
3 9. 8980€E-01 11 4. 6744E-02 19 8. 5668E-07 27 8. 8980E-01 39 8. 3668E-07 43 6. B0JI9E-01 31 3. 3164€-03 99 & 9B24E-08
4 7. 8211E-01 12 1. 3221E-02 20 0. 0000E-01 28 6. 8039E-01 36 6. 9824E-08 44 9. 1683€-01 92 8. 7342E-04 60 0. 0000E-01
3 6. 8039€-01 13 3. 3184E-03 21 &. 9824E-08 29 3. 6460€E-01 37 6. 9903E-09 43 J. 6460E-01 93 2. 1179E-04 61 6. 9902E-09
6 3. 1689%€E-01 14 6. 7342E-04 22 0. 0000E-01 30 1. 45467E-01 38 0. 0000E-01 446 2. JIB14E-01 94 9. 70BBE-06 62 0. OO00E-01
7 3. 6460E-01 19 2. 1179E-04 23 6. 9902E-09 31 4. 6744E-02 39 1. 0000E+00 47 1. 4367€E-01 99 9. 8792E-06 63 0. 0000E-01
6 2. 3814€-01 16 3. 7088€-06 24 0. 0000E-01 32 3. 5184E-03 40 9. 9982E-01 48 8. 4388E-02 36 0. 0000£E-01
CONGTITUENT CONC DIAGNOSTICS
MAXIMUM VALUE I8 9. 938E-01
MAXIMUM CHANGE IS 1. 204E-01 AT NODE 26, MAXIMUM FRACTIONAL CHANGE 1S 3. 068E+00

MAXIMUM CORRECTION IS 1. 283E-01 AT NODE 37, MAXIMUM FRACTIONAL CORRECTION I6 1. 113£+01
APPROXIMATE MAXIMUM PECLET NUMBERS ARE
2. 00J0E+00 AT ELEMENT 11 FOR MATERIAL TYPE ROCK

d Pp1-¥I-MB-OHY
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LISTING D-3.

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED.

Output Report File for Test Case One.

CONSTITUENT USAGE

DECAY RATE(S)

(Sheet 7 of 9)

SIMULATION TIME =

4. 0O00E+00

1) CONC i 6. 9LE-12
... RESWL.TS AFTER 10. 00 YEARS OF SIMULATION. ..
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 CONC, mMe/LIT ... ..
1 1. OOOOE+00 % 9. 132%E-01 17 8. 7025E-04 29 0. 0000E-01 33 2. 44692E-02 41 9. 95232E-01 49 3. 418BE-01 37 3. 4941E-03
2 9. 7397€-01 10 4 2413€-01 18 4. 9922E-09 26 1. 0000E+00 34 8. 7029E-04 42 9. 1496E-01 50 2. 0962E-01 38 2 7766E-06
3 9. 9232€-01 11 3. 4186€E-01 19 3. 4940€-03 27 9. 92J2€E-01 39 3. A940E-09 43 B. 6973E-01 51 1.1149E-01 99 1. 1457E-06
4 9. 1496E-01 12 2. 0962E-01 20 2. 77466E-04 28 8. 497%€-01 36 1. 1437E-06 44 7. 8703E-01 92 9. 9304E~-02 650 4. 746463E-08
9 8. 6973€E-01 13 1. 1149€-01 21 1. 1497E-06 29 6. 98%8E-01 37 9. 1882€-08 43 6. 9898BE-01 33 2. 4492€-02 &1 9. 1883E-0B
& 7. 8703€E-01 14 9. 9306E-02 22 4. 76695E-00 30 5. 1323%-01 38 0. 0000E-01 46 6. 0609€-01 94 4 4933%€-03 62 4 4933E-09
7 &. 9B3BE-O1 19 2. 4692E-02 23 9. 1880E-08 31 3. 4188€-01 39 1. 0000E+00 47 9. 1325€-01 99 6. 7025€E~-04 63 0. 0000E-01
8 6. O603E-~01 16 A ADJ3DE-03 24 A A939E-09 32 1. 1149€-01 40 9. 7397E-01 48 4. 2417E-01 56 4. 9922E-05
CONSTIN T D NOSTICS
MAXIMUM VALUE o 9.7 -01
MAXIMUM CHANGE IS 9. 918E-02 AT NODE 9. MAXI? FRACT W CHANGE IS8 3. 998E+00
MAXIMUM CORRECTION 18 2 4H44E-01 AT NODE 39, MAXIMUM FRACTIONAL CORRECTION I8 1.461E+01
APPROXIMATE MAXIMUM PECLET NUI ‘8 ARE
2. 0000E+00 AT ELEMENT 11 FOR MATERIAL TYPE ROCK

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED,

CONSTITUENT USAGE

1

CONC

1

DECAY RATE(S)?

6. 931E~12

SIMULATION TIME =

1. 000E+0Q1

71-43~-Md-0HY

d







LISTING D-3. Output Report File for Test Case One. (. eet 9 of 9)

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED. SIMULATION TIME = 2 000€+0t
CONSTITUENT USACE DECAY RATE(S)

1) CONC 1 6. 931E-12

02

I~M8-0HY

d o1



LISTING D-4.

SAMPLE PROBLEM,

136
-]
0.

NRNWE2N

WA~

438

RHO-BW-CR-144 P

Input D .a File for Test Case Two. (Sheet 1 of 2)

DIFFUSION
44 30 3 1
0 o -11 12
1.3 0.0
1.2
2. 50
3. 00
12. 30
23. 00
1. OE-O 1. ~F-0
1. 0E-0 1. -1
2. OE~-1 2. ve-1
8. 774E+01 2
4. 448E+09 0o
6. J0€-3 6. J0E-3
6. J30€E-3 6. 0€-2
0.0 1. 666E~1
0.0 2. 3E-1

©0000000000000000000000000000000

§8388838383338338388838883888388

§388-3388388838388838838888888

o
~-00gg

1
13

FROM A HEATED CANN

3

°

o

33

)

§
dbUWOO

D-21

ISTER
1 -] 1

0.0

0.01
0. 30
2. 2E-4

0. 0OCOMP-~1
0. 00COMP-2

/RCNTRL
/oF ILES
0.0 /#8STRT TME
0.0 CANIST
0.0 PCKNG
0.0 HOST
/#CONSBTS
0. O0E+00
0. 00E+00
/eDML
/2SORPTION
/#INI CON
/#8.C.
/9FLX CONS



LISTING D-4.
e
47 a8 30
e
70
0.0 o010
10. o0 10
25 0.09
0. o0.08
100. 0. 06
150.  o0.02
250, o.01
300. 0.003
-1.0 0.0

Input Di

61

1.0

71
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

74

RHO-BW-I -144 P

1 File for °~ st Case Two.

a7 99 112

0.0

72 77 84 o4

D-22

(Sheet 2 of 2)

/79FLX ELMS

/2L 0ADING
a9 90




" . RHO-BW-CR-144 P

LISTING D-5. ° e PRIMOS Command File for Test Case Two.

EAT SEERUN

EAT PRT

EAT RLT

EAT MASFLX

COMO SEERUN

DATE

TIME

OPEN DATA 1 1

OPEN PRT 2 3

OPEN WORKSPACE 14 3
OPEN RLT 7 3

OPEN #>MAGRUNDGEDM 10 1
OPEN #>MAGRUNDVEL 4 1
OPEN MASFLX 1t 3

SEQG XQTOGCHAINT. DML
TIME

CLOSE WORKSPACE

EAT WORKSPACE

como -€

CLOSE ALL

D-23



LISTING v-6.

VERSION 2.1 (Revision 1.)

TUE. NOV 09 1983

13: 47: 22

USER = LANGFORD

1.D. = 11039891547

Output Report File for Test Case Two.

(Sheet 1 of 51)

"M8-0HY

d vvi-
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LISTING D-6.

... PROBLEM CONT

Output Report File for Test Case Two.

SAMPLE PROBLEM., DIFFUSION FROM A HEATED CANNISTER

ROL PARAMETERS. . .

NUMBER OF CONSBTITUENTS. . ... ... ................ ..., 2
NUMBER OF ELEMENTS. .. . ...... .. ... .. ... ... . ... .. s 136
NUMBER OF NODESB. . ... ......... ... ... ... i, 4495
NUMBER OF SPECIFIED BOUNDARY NODES. ..................... 30
NUMBER OF MATERIAL TYPES. .................... ... ... ..... 3
INPUT ECHO PRINT OPTION (O—-NONE, 1-PRNT)............... 1
OUTPUT PRINT OPTION (1-F 2~ABRV). . ... ... 1
VEL FIELD TYPE (O-ONE CAnu, 1-BY ROCK TYPE . .
2-VARYING ON =T E, 3-8TEADY ON FILE)... 3
NUMBER DF MABS FLUX CONBTITUEI . ...................... 1
COORD SYSTEM (O~CARTESIAN. <>0-RADIAL ABOUT X=0.0)...... [4)
CONTAMINANT INTEORATION OPTION (O-INHIBIT. 1-PERFORM)... 1
INITIAL CONDITION TYPE (<O0-MULT CARDS, O0-SINGLE CARD... [4)
INPUT VELOCITY FILE (LU). ........ .. i i a
INPUT RESTART FILE (LUY. . ............ ... ... ... ....... o
OUTPUT REBTART FILE (LU). ... ... ... ... .. .. ... [+)
PLAOT OUTPUT FILE (LU) (O—-NONE, <O0-8TP 8AV. J>O0-INTV BAVE) ~11
INPUT QEDMETRY FILE (LU). ... ... ... .. ... .. .. .. .. ... ... 12
OUTPUT RMABS FLUX FILE (LU). . ... ... ... . ... ... ..o 13
STARTING TIME (YEARB). . . ..................c........ 0.0
X B8CALE FACTOR. . ... ... ... ... . 1. 000
¥ B8CALE FACTOR. . . . ... ... .. i i 1. 000
U B8CALE FACTOR. ... ... ... .. e 1. 000
V B8CALE FACTOR. . .. . ... ... . ... e 1. 000
WEIGHTING FACTOR. . . . . . ... ... . . . .. i 1. 300

NUMBER OF TIME STEP

NNWWR

8 PRINT INTERVAL TIME STEP (YRS) TIME (YRS)

2 1. 2% 2. 300
4 2. 300 10. 00
3 3. 000 23. 00
2 12. 30 30. 00
2 23. 00 100. 0

(Sheet 2 of 51)

ssses FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYGIS ssses
#a8 MULTICOMPONENT NUCLIDE TRANSPORT WITH DECAY CHAIN PROCESSES w##s

IONEL (M)
0. OO00E+00
0. 0O000E+00
0. 0000E+00
0. 0000E+00
0. 00Q0E+Q0

I0NER (M)
0. 0000£+00
0. 0000E+00
0. 0000E+00
0. O0O00E+00
0. 00Q0E+Q0

ZONET (M)
0. 0000E+00
0. 0000E+00
0. 0000E+0Q0
0. 0000E+00
0. QOQ0E+00

00000

IONEB (M)
. 0000E+0Q0
. 0000E+00
. 0000E+00
. O000E+00
0000E+Q0

d Y1-YI-MB8-OHY



LISTING D-6. Output Report File for Test Case Two. (Sheet 3 of 51)

NUMBER X DISPERSIVITY (M) Y DISPERSIVITY (M)  DENRTTY (KQ/M3I)
1

POROSITY AC WIDTH (M)
1. 00000E+00 1. 00000E+00 100. 00 0. 01000 0. 00000E-01 CANIST
2 1. 00000E+00 1. 00000E-01 1600. 00 0. 30 0. O00O00E-01 PCKNG
3 2. 00000E-~01 2. 00000E-O1t 2780. 00 0. 00U «a 0. O0O00E-01 HOST

92-0

1

|=

144%



L2-0

-~

LISTING D-6. Output Report File for Test Case Two. (Sheet 4 of 51)

CONSTITUENT NAME ATOMIC HALF LIFE DAUGHTER . SPLITTING DAUGHTER
WE IOHT (YEARS) CONSTITUENT 1t FRACTION CONSTITUENT 2
1 coMP-1 238. 00 8. 77400€+01 2 1. 0000 (o)
2 comMP-2 234. 00 4. 46BO0E+09 o 0. 0000 (]
wan

Tl

ey

...... INPUT DECAY CHAIN DATA

HMEANS CONSTITUENT IS NON-COMPUTATIONAL

CUT-OFF

THRESHOLD
O 000E-O1
0. 000E-01

d vv1-4I-M8-0HY
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LISTING D-6. Output Report Fi

CONSTITUENT ROCK TYPES
1) CANIST 2) PCKN@
1 coMP-1 6. 30E-03 6. 30E-03
2 comMP-2 6. 30E~-03 6. 30E-03

» for Test Case Two. (Sheet 5 of ..)

NUCLIDE MOLECULAR DIFFUSION COEFFICIENTS . . .

3) HOST
6. 30E-03

6. JOE-03

I~M  OHY

d vv1-
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LISTING D-6.

Output Report File for Test Case Two.

CONBT I TUENT ROCK TYPES
1) CANISTY 2) PCKUNOG 3) HOST
1 comP-1 0. 00E-01 1. 7€-01 1. 98E-04
2 cComMP-2 0. 00E-01 2. 30E-01 1. 98E-04

(Sheet 6 of 51)

d vv1-33-M8-0OHY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 7 of

CONSTITUENT

| B comP-1t

...... DECAY CHAIN CONNECTIVITY AND DECAY RATES
DECAY RATE

7. 90E-03

2) ComMP~-2 7.77E-03 1. 93E-10

51)

d PY1-4J-M8-0HY
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LISTING D-6.

441
442
433
436
429
430
A24
423
426
aMn
432
437
438
443
443

-

& N

4 O N o u

11

© 0O OO OO 0O OO OO O© 0 OO0 0006 0000060606 0 o

comP-1

. 000E-01

000E-01

QO00E-O1

000E-01

000E~01

OO0E-01

. 000E-01

000E-01

O00E-01

000E£-~-01
000E-01
000E-01
000E-01
000E-01

000E-01

. CO0E-01

O00E-01

Output Report File for Test Case Two.

© 0 000 0 00 00O OO0 00O 0O 0O 0 000 0 0 0 o o

comP-2

. 000E-01

O00E-01

O00E-01
000E-01
OQ0E-01
O00E-01
000E-01
000E-01

000E-01

O00E-01
O00E-01
000E-01

000E-01

000E-01
000E-01
000E-01
000E-01
000E-01
O0OE-01
000E-01
000E-01

O00E-01

000E-01

Ly
-
fl
s
———
1
o~
/
R oad
r

BOUNDARY VALUES FOR CONSTITUENTS 1 THROUGH

(Sheet 8 of 51)

d vv1-342-M8-0HY
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LISTING D-6.

ELEMENT

n

46
47
40
49
30
91

93
24
99
26
37
%8
39
&0
b1
&2
&3

&9
b6
&7
&8

N1
199
164
167
172
177
179
133
184
184
188
191
196
199
204
207
212
210
210
216
216
184
1684
1688

Output Report File for Test Case Two.

SAMPLE PROBLEM.

NODEB (COUNTERCLOCKKWISE)

N2
198
149
166
173
178
174
183
189
186
187
190
197
198
209
208
213
209
219
219
221
22°
1689
192

N3
133
138
141
144
170
147
181

& WS
136
199
164
167
202
172
177
179
204
161
184
226
188
171

N4
137
142
143
148
169
191
180
183
197
160
163
168
174
201
174
179
182
206
1839
222
227
228
231

ND
136
141
144
147
144
130
190
133
136
199
162
167
170
170
179
172
181
177
184
223
223
229
232

N&
161
164
1
17w
173
180
194

a@rs
190
193
198
201
178
209
200
219
213
221
224
222
230
233

N7
162
167
170
179
172
101

o

[+)
188
191
194
199
202
177
210
207
216
212

[+]

o

o
226
229

N8
163
166
171
176
179
182

189
192
199
200
203
206
211
214
217
220

223
228

TYPE

[FEARANARAR AN IEAN TN VN INANANARANANAY VAN Y 1}

ORDER,

46,
47,
40,
49,
sol
,1 ’
52,
33,
,‘D
39,
6.
37,
,al
39,
40,
61,
62,
63,
64,
63,
&b,
67'
[1-H

(Sheet 10 of 51)

saaas FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #eass
aas MULTICOMPONENT NUCLIDE TRANSPORT WITH DECAY CHAIN PROCESSES #a#

DIFFUSION FROM A HEATED CANNISTER

ELEMENT

"
114
119
116
117
118
119
120

AEE
123
124
129
126
127
120
129
130
131
132
133
134
139
136

N1
373
373
346
344
sz
349
3%

2T
3Jeo
378
386
383
392
389
420
403
401
409
406
419
412
443

N2
374
376
343
390
391
3%
337

J7Q
379
304
383
390
391

396
421

402
407
408
413
414
419
444

NODES (COUNTERCLOCKWISE )

N3
341
370
344
349
346
333
3s2
361
373
378
383
380
389
386
393
397
401
406
403
412
409
418
420

Ne
ara
369
377
382
aet
368
387
394
ars
400
409
404
411
410
@7
399
423
420
427
4234
433
440
422

N3
3%
341
378
383
380
389
386
393
3%e
401
406
403
412
409
418
392
424
429
426
439
432
441
419

Né
373
374
379
384
383
390
391
396
393
402
407
408
413
414
419
416
423
430
431
436
437
442
439

N7
o

o
380
378
386
363
392
a8e9
392
403
401
409
406
419
412
419
426
424
432
429
438
439
436

381
77
387
3s2
393

vy
404
400
410
409
4146
411
422
427
423
433
420
439
434
443

TYPE

[FEARARARRNARANANARARANANANANARARANANANANANAQEA]

ORDER

114
119
116
117
118
119
120
121
122
123
124
123
126
127
128
129
130
131

134
139

d vv1-4I-M8-OHY







LIS ‘NG D-6. Output Report File for Test Case Two. (Sheet 12 of 51)

NODE X CORD ¥ CORD, NODE X CORD Y CORD, NODE X CORD Y CORD. NODE X CORD Y CORD

201 0. 16 -0. 16, an 0.23 0 10, 301 0. 00 0. 19, 351 0. 350 1.00

202 0.139 -0.19, 232 o 0. 10, 02 0. 90 0. 38, e -4 0.38 1. 00

| 203 0.12 -0.17, 233 0 «= 0. 03, 303 0.38 0. 38. 333 0. 368 0.81

- 204 0. 19 -0. 09, 254 0. 32 0. 11, R 304 0. 37 0. 27, 354 3. 22 0.81
209 0.17 -0. 12, 299 0. 20 0. 09, 302 0.27 0. 37, 393 3 22 1 00

206 0. 20 -0. 09, 236 0. .19 0. 09, 306 0.19 0. 37, %6 2. 50 1. 00
- 207 0. .23 0. 00, 2957 0. 20 0. 09, : 307 0. 19 0. 27, <i-24 0. 27 1. 00
’ 208 0. 2% -0. 03, 238 0. 13 0.10, 308 1.00 0. 30, %8 0. 19 1. 00

209 0. 42 -0. 06. 9 [+ J | 0.10. 309 1. 00 0. 64, 339 0 19 0. 81

210 0. 42 0. 00, a0 0. v 0. 09, 310 0.01 0. 69, 360 3. 00 0. 61

211 0. 32 0. 00. 2s1 0. 01 0.19, a1 0. 69 0. 69, 361 3. 00 1. 00

212 0. 22 0. 00, 262 0. 63 0.19, 2 0 63 0. 30. 362 4. 06 1. 00

213 0. 22 -0. 09, 263 0. 66 0. 16, 313 1. 89 0. 30, 363 0. 00 0. 23

214 0. 24 0. 00, 264 0. 30 0.19, J14 1.689 0. 64, 364 0. 05 0.23

219 0. 67 -0. 06, 0. 37 0.19, 319 1. 39 0. &4, 369 0. 06 0 42

216 0. 47 0. 00. 0. 39 0.19, 316 30 0.. 42

| 217 0. 0. 00, - 1. 00 0. 27, a7 v. 30 0 w.. e v ww v. 32
‘ 218 0. 20 0. 00, 260 1.00 0. 38. Jie 0. 38 0. 30, 360 0. 00 0. 24
219 0. 20 -0. 09, 269 0. 81 0. 38, 19 3. 22 0. 30, 369 0. 06 0. 67

220 0. 21 0. 00, 270 0. 63 0. 38, 320 3. 22 0. 64, 370 0. 00 0 &7

221 0. 82 0. 00, 273 0. 63 0. 27, 21 2 90 0. Aa. 71 0. 00 0. 33

222 0. 83 0. 06, 2 1.89 0. 20, 22 9. 00 0. 372 0.19% 0.83

o 223 0. 68 0.11, =53 1.89 0. 38, 323 3. 00 0. o, 373 0. 00 1. 00

1 224 0. 67 0. 06, 274 1. 39 0. 38, 324 4. 06 0. 64, 374 0. 06 0. 83

w 223 1. 00 0.12, 279 3 22 0. 20, 323 0.10 0. 24, 373 0. 12 1. 00

o 226 1. 00 0.19, 276 3. 22 0. 38, 326 0. 14 0. 22, 76 0. 00 0 82

227 0.83 0.13, 277 2. 30 0. 38, 27 0.19 0. 39, 377 1. 00 1.29

228 1. 89 0. 12, 270 3. 00 0. 20, 320 0. 11 0. 41, 378 1. 00 1. 30

229 1. 89 0. 20, 279 3. 00 0. 38, 329 0. 10 0. 31, 79 0. 81 1. 50

230 1. 39 0. 20, 280 4. 0. 38, 330 0.10 0. 21. 380 0. 64 1. 30

231 3. 22 0.12, 201 0. v 0. 00, 331 0.13 0. 20, 381 0. 64 1.29

232 3. 22 0. 20, 282 0. 00 =0. 03, 332 0.10 0. 23, 382 1.69 1.29

1 233 2. 90 0. 20, 203 0.03 0. 00. 333 0. 09 0. 20, 383 1. 89 1. 50
234 3. 00 0. 12, 284 0.03 0.10, 334 0.09 0. 22, 84 1. 39 1. 90

233 3. 00 0. 20. 2093 0. 00 0. 10. 333 0.00 0. 22, 389 0.3 1.950

236 4. 06 0. 20, 206 0. 00 0. 09, 36 0. 00 0. 21, 386 0. 38 1.30

237 0. 00 -0. 10, 287 0.27 0.19, 337 0. 27 0. 63, 387 0. 38 1.29

23e 0. 00 -0.19, 280 0.19 0.19, 338 Q.19 0. &3, 388 3. 22 1.2%
I 239 0.10 =0.13. 289 0. 22 0. 14, 39 0.19 0. %0. 389 J. 22 1. 50
i 240 0.10 -0. 10, 290 0.10 0.10. 340 0. 16 0. 390 2. 30 1. 30
241 0. 03 -0. 10, 291 0.17 0.17, 341 0. 11 0. ea: n 0. .28 1. 30
242 0.19 -0. 10/ a9 0. 20 0. 13, ’ 342 0. 11 0. 32, I 0.20 1. 30

243 0.10 0. 00, 293 0. 16 0.16, - 343 1.00 0. 81, 393 0. 20 1.25

244 0.10 -0. 03, 294 0.13 0.13, _ 344 1. 00 1. 00, 94 3. 00 .25

243 0.13 0. 00 Pas 0. 17 0.12, 3435 0.81 1. 00, 393 9. 00 1. 50

246 0. 42 0. 06, [ 0. 12 0.17, 346 0. 64 1. 00, 96 4. 06 1. 90

247 0. 41 0.11, v/ 0. 09 0.19. 347 0. 63 0. 81, 97 0. 00 1. 50

248 0. 31 0. 10, a%e 0. 10 0.13, 348 1.89 0. 81, 398 0. 00 1. 25

249 0. 24 0.10, 299 0. 03 0. 20, 349 1.89 1. 00, 399 0.12 1. 30

250 0.23 0. 03, 300 0. 00 0. 20, 3% 1. 39 1. 00, 400 1. 00 1.79

d vP1-4I-M8-0HY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 13 of 51)

NODE
401
402
403
404
403
406
407
408
409
410
411
412

X CORD

WWooO~~m000~

Y CORD,

NerNON=mpun

. 00,
. 00,

00,
73,
79,
00,
ool
00,
ool
79,
79,
00,

NODE
413
414
413
416
417
410
419
420
421
422
423
424

8858323381y

NODE POINT COORDINATES (M)

Q

Y CORD,.

U NN~ =N

00,

. 00,

ool
79,
73,
00,
00,

. 00,

75!
ool
23,
30,

NODE
423
426
427
428
429
430
431
432
433
434
433
436

8
]
-]

NWwooo~~mooo

Y CORD,

NNRNNNNNRNNN NN

. 90,

sol
29,
29,
30,
30,
30,
30,
25'
239,
sd'

. 501

NODE
437
438
439
440
441
442
443
444
443

(2]
Q
]
o

OO00s»uvu0o00

NN
cm

NNNNNRNN NN

[-43~ME-0HY



LISTING D-6. Output Report File for Test Case Two. (Sheet 14 of 51)

...... MAS8 FLUX COMPUTATIONAL DATA. .. . .

DATA FOR THE FOLLOWING 1 CONSTITUENTS WILL BE INCLUDED IN THE MAGS FLUX COMPUTATIONS.

)' 1) COonP-1

MASS FLUX SURFACE NUMBER 1 18 DEFINED BY THE FOLLOWING 8 ELEMENTS.
47 48 30 61 74 a7 99 111

FLUX SURFACE NUMBER 1 IS OPEN.
DEFINED BY THE FOLLOWING 9 NODES
169 166 169 179 214 291 290 332 368

LE-0Q

d vP1-¥D-M8-OHY
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LISTING D-6. Output Report File for Test Case Two.

#as% INPUT BINARY FILE TRACEBACK INFORMATION senss

GEOMETRY FILE READ ON UNIT 12, CREATED BY MESHER 0.0
THE RUN 1. D. IS B41250. THE USER 1B LANGFORD
THE TITLE 18-
CEOMETRY FOR CHAINT SAMPLE PROBLEM

VELOCITY FILE READ ON UNIT 8, CREATED BY MAGNUM 3.1
THE RUN 1.D. IS 1109851304, THE USER IS8 LANQOFORD
THE TITLE 1S:
SAMPLE PROBLEM, FLOW AROUND A HEATED CANNISTER
FILE TRACEBACK IS AS FOLLOWS:
FILE TYPE SQURCE cnnk RUN I.D. USER
GEOMETRY MESH 1231841250 LANGFORD

(Sheet 15 of 51)

~4J-M8-0HY

d
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LISTING D-6. Output Report File for Test Case Two. (Sheet 16 of 51)

essas ELEMENT SOURCE LOADS ssxsss

NUMBER OF ELEMENTS WITH SOURCE -]
SCALE FACTOR FOR RELEASE RATE 1. O0E+00

LOADS ARE ON THE FOLLOWING ELEMENTS

70 71 72 77 a4 o4 a9 90
TIME ....LOADS. . ..
(YRS8) (GM/M%a3-YR)
COMP~-3 coMP-2

0. 0OE-01 1. OOQOE~01 0. OOOOE:
1. 00E+O01 1. O00OE 0. 0000E-u.
2. 30E+Q1 9. 0000E-wva O.NNANNAE-Q3
3. 00E+01 8. 000 0. ( E-01
1. 00E+02 &.000uc-ve O. LuwvE-O1
1. 30E+02 2. 0000E-02 0. 0000E-O1
2. 30E+02 1. 0000E-02 0. Q000E-0O}
3. 00E+02 3. 0000E-03 0. 0000E-01

d vY1-33-MB8-0HY
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LISTING D-6.

OUTPUT FOR NODES 329 TO 443 ...

NODE
NUMBER
329
330
331
332
333
334
333
336
337
338
339
340
341
342
343
344
343
346
347
348
349
330
331
332
333
334
333
336
337
358

0000000000000 00000000000000000

SAMPLE PROBLEM,

CONCENTRATION

000E-01
OOOE-O1
000€-01
000E-01
000E-01
000E-01
000E-01
000E-01
000E~01
000E-01
000£-01
000E-01
000E-01
000E-01
000E-01
000E-01
000E-01
000E~01
000E-01
000E-01
000E-01
000E-01
000E-01
000€-01
000E-01
000E~01
000E-01
000E~01
000E~01
000E-01

s

INITIAL

CONCENTRATIONS FOR CONSTITUENT NUMBER 2

NODE

NUMBER
339
260
341
3462
3463
4
ved
366
367
348
3469
370
371
372
373
374
373
376
77
3768
379
380
361
82
383
384
383
386
3a7
388

Output Report File for Test Case Two.

sssss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #ssse

(Sheet 22 ¢

DIFFUSION FROM A HEATED CANNISTER

CONDITIONS

caMP-2.

MG/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE

CONCENTRATION NODE CONCENTRATION
NUMBER

0. 000E-01 389 0. 000E-O1
0. O00E-01 390 0. 000E-01
0. 000E~01 391 0. 000E-01
0. 000E-01 392 0. 000E-O1
0. 000E~-01 393 0. 000E-O1
0. O« 01 394 O

0. OLve 01 393 0. vwve—wvs
0. 000E-01 396 0. 000E-01
0. 000E-01 397 0. 000E-01
0. 000E-01 : 398 0. O00E-0O1
0. 000E-01 399 0. 000E-01
0. 000E-01 400 0. O0OE-01
0. 000E-01 401 0. 000E-0O1
0. O00E-O1 402 0. 000E-01
0. 000E-01 403 0. 000E-01
0. CO0E-01 404 0. 000E-O1
0. 000E-01 403 0. 000E-01
0. 000E~01 406 0. O00E-O1
0. 000E-01 407 0. O00E-01
0. O0CE-01 408 0. 000E-O1i
0. 000E-0O1 409 0. 000OE-0O1
0. 000E-01 410 0. 000E-O1
0. 000E-01 411 0. O00OE-O1
0. O00E-01 412 0. 000E-01
0. 000E-0O1 413 0. O00E-0O1
0. 00CE-01 414 0. O00E-0O1
0. O00E-01 413 0. O00E-0O1
0. O0OOE-0O1 416 0. OOCE-O1
0. 000E-01 417 0. O0OE-01
0. 000E-01 418 0. O0OE-01

NODE

51)
CONCENTRATION
NUMBER
419 0. 000E-O1
420 0. 000E-0O1
421 0. 000E-O1
422 0. 000E-01
423 0. 000E-0O1
424 0. OOOE-O1#
423 0. O00E-O1#
426 0. O00E-O1®
427 0. O0OOE-01
428 0. 000E-01
429 0. OOOE-O1#
430 0. OOOE-O1#
431 0. O00E-O1#
432 0. O0OOE-01#
433 0. 000E-0O1
434 0. 000E-O1
433 0. OOOE-O1#
436 0. O00E-O1#
437 0. OOOE-O1#
438 0. O00E-O1#
439 0. 000E-01
440 0. 000E-O1
441 0. OOOE-O1#
442 0. O00CE-O1+
443 0. OOOE-O1#
444 0. 000E-O1
443 0. OOOE-O1#

d vv1-40-M8-OHY
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LISTING D-6. Output Report File for Test Case Two.

(Sheet 23 of 51)

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED, SIMULATION TIME = O. 000E-O1

CONSTITUENT UBAGE DECAY RATE(B)

1) comP-1 1 7. 900E-03

2) comMP-2 1 7. 767E-03 1. 331E-10

"4J-M8-0HY

d



LISTING D-6. Output Report File for Test Case Two. (Sheet 24 of 51)'

sas#s FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sssss

SAMPLE PROBLEM, DIFFUSION FROM A HEATED CANNISTER

... RESULTS AFTER 2. 300 YEARS - DYNAMIC SIMULATION. ..
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 comMP-1, MO/LIT .....

OUTPUT FOR NODES 1 TO 164 ... THE SYMBOL = DENOTES A BPECIFIED VALUE ...

NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER NUMBER
1 0. COOE~-O1# 42 1. 983€-04 83 3. 631E-08 124 9. 7176-04
2 0. 000E-0O1s 43 0. O00OE-01 84 0. 000E-O1 123 0. 000E-O1
3 0. 000E-O1 s 44 2. 017E-09 83 1. 389e-04 126 0. 000E-01
4 0. 000E-O1s 43 3. 101E-~" SE~04 127 0. 000E~-D1
3 0. O00E-O1# 446 0. O0OOE- SE

6 0.0 Ole 47 ©. O00E-ws o w wrIE vy smY I, PUIETVE
7 0. Ouuve-01s 48 0. OO0E~01 89 1.382E-03 130 3. 412€-09
‘8 0. 000E-O1# 49 1. 139%€-03 90 1. 374E-03 131 0. 000E-~-01
9 0.000£-014% 30 1. 664E-07 91 3. B3&6E-04 132 0. 000E-01
10 0. 000£~-01s 31 4. 029€~07 92 9. 171E-04 133 0. 000E~01
11 0. OOOE-O1# 32 6. 734E-08 93 0. 000E-O1 134 1. 293E-09
12 0. 000E-O1s 83 1.172€-08 © 94 8. J24E-04 © 139 8. 949E-~-07
|D 13 0. OO0E-O1# 34 1.6817e-08 93 4. 97304 136 J. 961E-06
F=S 14 0. OOCE-0O1+» 2% 1.03eE~-07 96 0. 000E-01 137 0. OOOE-0O1
~ 13 0. 000E-O1s v b, TOOE-09 97 0. COOE-01 138 3. 903€-01
14 0. O00E-0O1 as 1. 389€-08 98 0. 000E-O1 139 9. 2446E-02
17 0. OO0E-O1 38 9. 998609 99 2. 423E-04 140 8. 191E-02
18 0. 000E-01 39 1. 800E-09 100 4. 7467E-06 141 J. 668E-01
19 3. 280E-07 60 2. 677E-09 101 1. 039E-09 142 3. 803E-01
20 0. O00E-O1 &1 2. JOCE-09 102 0. 000E-01 143 1. O00E-0O1
21 0. 000E-01 62 0. 000E-01 103 4. 987E-08 144 3. 983E-01
22 0. O00E-01 63 0. 000E-01 104 0. 000E-01 149 3. 603E-01
23 1. 774E-0% 64 0. O0OOE~-O1 103 3. 247E-06 146 1. 193E-02
24 3. 000E-07 &3 4. 331E-03 106 2. 163E-07 147 6. bOAE-03
23 6. 262E-07 &6 0. 000E-01 107 4. 607E-07 148 9. 618E-02
26 0. OO0E-01 &7 0. 000E-01 108 0. 000E-0O1 149 0. O00OE-0O1
27 1. 198E-08 &8 0. 000E~-01 109 1. S19E-08 190 1. 330€-003
20 1. 4346E-08 &9 2. 938E-04 110 0. O00E-01 191 2. 434E-04
29 2. 699£-07 70 4. 303E-046 111 7. 780E-08 192 2. J146E-04
30 4. 931E-09 71 1. 440E-03 112 1. 662E-02 193 0. OOOE-0O1
31 1.131E-00 72 0. OOOE-O1 113 1. 611E-03 194 3. 83%6E-04
32 1. 127e-08 73 & L24E-08 114 1. 184E-03 193 0. 000E-01
33 9. 210€-10 74 0. 000E-O1 113 1. 617€E-02 136 3. 293E-09
34 1. I78E-09 79 & 303E-06 116 1. S42E-02 197 0. 000E-01
33 5. A77E-09 76 9. 373%-08 117 4. 437E-04 190 1. 181E-03
36 J. I86E-10 77 3. 447E-07 118 8. 427€-03 139 0. 000E-0O1
37 1.1331:-09 78 4. 077€-09 119 1. 102E-02 160 1. 103E-03
38 4. 130€-10 79 7. 2B1E-09 120 0. O00E-01 161 0. 000E-O1
39 1. 76-03 80 0. 000E-01 121 0. 0O00E-01 162 3. 493E-06
40 3. 187E-09 81 1. 473€-07 122 1. 190E-02 163 0. 000E-01
41 1. B21E-09 82 1. 034E-08 123 2. 413£-04 164 4. 186E-01

d vpT1-¥I-M8-OHY
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LISTING D-6.

snees FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #ssss

3

N
[
bo.
—
o
P

SAMPLE PROBLEM, DIFFUSION FROM A HEATED CANNISTER

OUTPUT FOR NODES

NODE
NUMBER
163
166
167
168
169
170
171
172
173
174
179
176
177
1706
179
180
181
182
183
164
183
186
197
188
189
190
191
192
193
194
199
196
197
198
1v?
200
201
202
203
204
209

222U LE2LP2UO0L OUCON ONANF R ULWUNSIWWWWWIVGWW

CONCENTRATION

. 970E-01

719E~-01
879€E-01
063E-01
633E-01
B848E-01
813E-01
998E-01
993E-01
191E-03
448E-02
063E-02
772€-01
763E-01
611E-01
2 03
41:1e-04
076E-03
-] 04
7v7e—03
&601E~09
Q00E-01
249E-03
611E-06
OOOE-01
000E-01
940€-07
000E-01
O094E-06
773E-08
OO0OE-01
08BE-01
S48E-01
293E-01
73I3E~-01
683JE-01
437E-01
296E-01
J334£-01
637E-01

. 294E-01

... RESULTS AFTER 2. 900

CONCENTRATIONS FOR CONSTITUENT NUMBER 1

163 TO 320 ...

NODE

NUMBER
206
207
208
209
210
211
212
213
214
219
216
217
218
219

LLTY

7
a

2]
223
226
227
228
229
230
201
232
233
234
233
236
237
238
239
240
241
242
243
244
243
246

compP-1,

YEARS - DYNAMIC SIMULATION. ..

Mme/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE ...

CONCENTRATION NODE CONCENTRATION
NUMBER
4. 192€-01 247 1. I323E-02
3. 641E-01 240 7. 022E-02
3. 616E-01 249 3. 307€E-01
1. 333E-02 2950 3. 493E-01
1. 435E-02 291 3. 348E-01
7. 94BE-02 292 3. 483E-01
3. 899€~-01 233 3. 730£-01
J. BA3E-O1 294 1. 022E-03
3. 701E-01 293 3. BO1E-01
7. 276E-04 296 4. 199€-01
3. SO1E-04 237 4. A9BE-01
1. 491E-03 .298 3. 307E+00
4. 703€E-01 299 3. 007E+00
4. 642E-01 260 6. 012E+00
q "o o= ~‘1 3. 167 =~
] 2 1. 164E
~ ="E-09 263 1. 047¢-03
'E-04 264 3.6 -04
7. OK4E~04 269 6.6 03
4. 930E-08 266 9.1 03
0. CO0E-01 267 1. BB0E-04
1. 309E-04 268 0. O00E-0O3
1. O72E~0S 269 3. 34BE-04
2. 743€-093 270 7. 8BB3E-04
0. O00E-01 271 0. OOOE-~O1
0. 000E-O1 272 0. O0OE-~O1
0. 00CE-01 273 2. 727e-09
9. 069E-06 274 0. O00E-~01
9. 200E-07 279 9. 929E-06
2. 896E-06 276 0. O00E-0O1
0. O0OE-O1 277 1. 034E-09
8. 714E+00 278 0. O00E-01
9. 969E+00 . 279 3. 162E-06
3. 997E+00 280 0. O0CE-01
6. 394E+00 281 6. 212E+00
8. 222E+00 202 9. 639E+00
3. B49E+00 283 7. 938E+00
7. 201E+00 204 9. 990E+00
7. 791E+00 283 3. B60E+00
9. J4JE+Q0 286 6. 2I9E+00
1. 266E-02 207 9. & 02

Output Report File for Test Case Two. (Sheet 25 of 51)

CONCENTRAT ION
NUMBER
288 3. 196E-01
209 3. 213E-01
290 3. 263E-01
291 3. 44701
292 3. 39 -01
293 4. 005e-01
294 4. 786E-01
293 3. 831E-01
296 J. 768E-01
297 4. 091E-01
298 3. 204E+00
299 4. 236E-01
300 4. 291E-01
301 4. 793E+00
H 0. O00E~-O1
s 0. COOE-01
304 1. O0%E-02
309 1. 06IE-02
306 9. J41E-03
307 9. 403E-02
308 0. DOOE-O1
309 7. 00VE-06
310 0. 000E-O1
311 0. O00E-0O1
312 1. 94BE-04
313 6. 109E-06
314 1. 932€-07
313 1. 948E-06
316 1. 807E-04
317 7. O64E-04
318 0. O00E-02
319 0. 000E-01
320 2. 646E-~-07
321 4. 361E-08
322 6. Y22E-07
323 2. 979€-08
324 3. 629E-08
329 3. 186E-01
326 3. 161E-01
327 1. 120E-02
320 1. 492€-02

"Mg-0HY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 26 of 51)

sssss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS ssess

SAMPLE PROBLEM. DIFFUSION FROM A HEATED CANNISTER

... RESBULTS AFTER 2. 300 YEARS - DYNAMIC SIMULATION. ..
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 comMP-1, HMO/LIT .....

‘

OUTPUT FOR NODES 329 TO 443 ... THE SYMBOL # DENOTES A GPECIFIED VALUE . ..
NODE CONCENTRAT 10N NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER Nt R NUMBER NUMBER
7. -0 339 2. 718E-04 389 7. -09 419 4. 239E-10
Jov 3. sose-01 360 2. 90BE-08 390 1. 2vve~08 420 3. 303€-07
331 3. 341E-01 341 |, @8B0E-08 391 0. O00E-01 421 0. O00E-01
2 3. 232E-01 3 4.2 ‘09 392 3. ' 422 0. O00E-01
aad 3. 690E-01 363 3. 0«c-01 393 0. vuus—v: 423 1. 973€-08
334 3. 913E-01 364 J. 291E-01} 394 4. JAIE-09 424 0. O0O0E-O1#
333 3. 392€-01 363 1. 441E-02 393 4. 232E-09 423 0. O00E-O1#
336 3. B44E-O1 3466 1. 3461E-02 3946 2. 299£-10 426 0. 000E-O1+
337 0. 000E-O1 367 8. B26E-02 397 1. J49E-06 427 1. 313%E-07
338 1. 162E-03 3468 3. 414E-01 398 0. 000E-01 428 6. 960E-10
339 7. 12704 349 7. 232E-04 * 399 1. I99E-03 429 0. C00E-Ol+#
340 1. 112E-03 370 4. 296E-04 400 8. 993%E-08 430 0. O00E-O1+#
341 & 370E-~04 371 1. 673%-03 401 3. 174E-08 431 0. O0OE-O1#
342 1. 249€-03 372 1. 1368E-04 402 1. 36BE-07 432 0. O00E-O1+
343 3. 14BE-06 373 3. 939E~-09 403 3. 279€-07 433 0. 000E-01
344 1. 3635E-07 374 2. 397€e-03 404 9. 334E-00 434 1. 298E-09
345 4. 050E-~06 379 3 NNBE-04 403 1. 637E-08 433 0. O00E-O1#»
3446 9. 7B1E-06 376 0 0E-01 406 2. 620E-09 436 0. 000E-O1#
347 O. 000E-O1 377 1. /~3%-07 407 1. 709€-08 437 0. 000E-O1#
348 1. 780E-07 378 2. 163%-07 408 0. 000E-01 438 0. 000E-O1s
349 1. 89%€E-07 379 2. 872&-07 409 0. O00E-01} 439 0. O0OE-01
3350 1. 329€E-07 3680 9. 072E-08 410 1. S40E-09 440 9. 607E-11
391 0. 000E-O1 3681 2. 719%E-06 411 3. 082E-09 441 0. OOOE-~O1#
332 0. 000E-O01 382 3. 990E-08 412 2. 154E-09 442 0. O00E-O1s
393 2. 965E-04 383 3. 216E-08 413 2. 079€-09 443 0. OOOE-O1#
394 1. 349E-07 384 3. 831E-08 414 1.311E-03 444 0. 000E-O1
393 1. 439E-08 385 7. 801E-06 413 0. ODOE-01 4435 0. O00E-O1#
3346 B. 699E-08 386 3. B70E-09 416 1. 302E-09
337 2. 234E-04 387 0. 0O00E-01 417 2. 2B3%E-09
338 0. O00E-O1 368 1. 229€-08 418 1. 833E-10
CONSTITUENT COMP-1 DIAGNOSTICS
MAXIMUM VALUE IS 9. 639E+00
MAXIMUM CHANGE IS 4. 393E+00 AT NODE 267, MAXIMUM FRACTIONAL CHANGE IS 7. 994E+00

MAXIMUM CORRECTION IS 6. 619E-02 AT NODE 310, MAXIMUM FRACTIONAL CORRECTION IS 4. 409E+00

APPROXTIMATE MAXIMUM PECLET NUMBERS ARE

2 3472E-03 AT ELEMENT 72 FOR MATERIAL TYPE CANIST
4. 0447E-03 AT ELEMENT 87 FOR MATERIAL TYPE PCKNO
2. 0338E-01 AT ELEMENT 13 FOR MATERIAL TYPE HOBT

THE AMOUNT OF THE CONSTITUENT COMP-1 PRESENT IN THE SIMULATION ENVIRONMENT 1S 1. 173E-02 GRAMS.

d vv1-43-M8-OHY
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LISTING D-6. Output Report File for Test Case Two.

OUTPUT FOR NODES 1 TO 164 ..
NODE CONCENTRATION NODE
NUMBER NUMBER
1 0. OOOE-O1# 42
2 0. 000E-O14# 43
3 0 000E-O1# 44
4 0. O00E-O1# 43
3 0. OOOE~O1# 46
6 0. OOOE-O1# 47
7 0. OOCE-O1# 49
8 0. OOOE-O1# 49
9 0. O0OE-O14# 30
10 0. OOOE-O1# N
11 0. OOOE-O1# 32
12 0. OOOE-O1# 33
13 0. O00E-O1# o4
14 0. 0""~ -O1s 93
13 0.0 ‘Ole 36
16 3. 589E-08 24
17 6. 991E-08 Je
10 1. 361E-08 39
19 3. 996E-09 60
20 6. 333€-10 61
21 2. 446E-08 62
22 4. 347E-08 63
23 6. A76E-08 64
24 0. 000E-O1 63
23 0. 000E-01 66
26 2. 593E-08 67
27 1. J40E-09 68
20 2. 680€-09 &9
29 0. O0OE-01 70
30 0. O00E-01 71
31 0. O00E-0O1 72
32 9. 94BE-10 73
33 6. 737E-11 74
34 1. 360€-10 79
33 0. 000E-01 76
36 0. 000E-01 77
37 0. 000E-01 78
38 3. D90E-11 79
39 6. 7B6E-08 80
40 2. 077€-07 81
1.

41

s#ans FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sasss

SAMPLE PROBLEM,

... RESULTS AFTER 2. 300

i

(Sheet 27 of 51)

DIFFUSION FROM A HEATED CANNISTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 2

686E-07

COMP-2,

YEARS - DYNAMIC SIMULATION. .

MO/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE ..

CCNCENTRATION NODE CONCENTRATION
NUMBER
3. S20E-08 83 0. 000E-01
4. 993E-09 84 3. 130E-10
1. 254E~-07 89 1. 44BE-06
2. 920E-07 86 9. 971E~-06
2. 701E-07 87 9. 121E-07
1. 726E-08 88 1. 704E-06
3. 832€-08 89 1. 191€-0%
4. 644E-08 90 1. 321E-09
0. 000E-01 91 2. I67E-06
0. O0OCE-01 92 3. B24E-06
2. 9468E-08 93 7. 68BE-06
8. 67&E-10 94 1. 123E-03
1. 883€-09 93 7. 933€E-06
0. O00E-01 96 9. 212E-07
0. 0~~~ -01 a7 3.3~ 07
0.0 01 9.2 Q7
7. 996E-10 99 1. 499E-06
1. 140E-10 100 O. OOOE-0O1
2 A145-10 101 0. 000E€-01
0.1 =01 102 3. 766E-07
4. 216E-07 103 1. 632E-08
1. 249E-06 104 2. 9O6E-08
4. 197E-07 1039 0. 000E-O1
4. 02LE-07 106 0. 000E-01
0. OOOE-01 107 0. 000E-01
3. 168E-07 108 1. 086E-00
7. 991E-07 - 109 2. 177E-09
1. 372E-06 110 3. 393€-09
0. O0CE-01 111 0. O0OCE-O1
0. 000E-01 112 2. 747€-04
4. 019€-07 113 3. 68BE-03
1. 93%€-08 114 3. 030€-09
J. 928E-08 119 2. 46BE-04
0. OOOE-01 116 2. 491E-04
0. 000E-01 117 3. 643E-09
0. O00E-01 118 2. 331E-04
1. 478E-08 119 2. 237E-04
8. 007E~-10 120 1. 137€-09
1. 968E-09 121 2. 760£~-03
0. OOOE-01 122 1. 477€E-04
o) 1. 998E-06

. 000E-01 123

NODE

CONCENTRATION
NUMBER
124 6. B29E-06
129 1. 064E-09
126 3. 400E-07
127 9. 828E-07
120 2. 734E-06
129 4. J66E-00
130 2. 2392€E-07
131 2. 093E-07
132 1. 703E-00
133 2. 761E-08
134 8. 272E-08
135 4. 468E-09
136 2. 964E-08
137 7. 764 9
138 4. 092E-03
139 1. 477€-03
140 1. 361E-03
141 3. B74E-03
142 3. 983€-03
143 1. 430E-02
144 3. 760E-03
143 3. 799€-03
146 1. I76E-04
147 1. 963E-04
148 1. 39YGE-03
149 7. 103E-06
190 1. 124E-09
131 3. 102€-03
192 1. I8E-06
193 9. 391€E-07
194 1. 919€-06
199 1. 617E-07
136 1. 970€-07
137 3. 217€~-07
190 6. 509E-08
139 4. 943eE-08
160 4. 439E-08
161 1. 747E-08
162 1. 933E-08
163 1. 2635E-08
164 4 172€-03

"4J~-M8-0HY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 28 of 51)

ssess FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sssss

SAMPLE PROBLEM, DIFFUBION FROM A HEATED CANNISTER

... REBULTS AFTER 2. 900 YEARS —~ DYNAMIC SIMULATION. . .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2 corP-2, Me/LIT . ....

OUTPUT FOR NODES 163 TO 328 ... THE S8YMBOL # DENOTES A SPECIFIED VALUE ...

NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION

NUMBER NUMBER NUMBER NUMBER
169 4. 082E-03 206 3. 961E-03 247 1. 991E-04 288 3 E-03
166 3. 894E-03 207 3. 762E-03 248 1. 193€-03 289 3. a/0E-03
167 3. 9376-03 208 3. 773E-03 249 3. 479€-03 290 3. 3094E-03
168 4. 0BBE-03 209 1. 944E-04 [ | E 291 J. 419E-03
169 3. 789E-03 210 2. 174E-04 svs 3. vrvdE-ve 292 3. 444€-03
170 3. 867E-03 211 1. 262E-03 292 3. 543€E-03 293 3. 991E-03
171 J. BB2E~03 212 3. 870E-03 2393 3. 721E-03 294 3. 819€-03
172 3. 740-03 213 3. 873€-03 294 2. 523E-09 299 3. 612E-03
173 3. 733%E-03 214 3. 7668E-03 299 3. 658E-03 296 3. 944E-03
174 1. B3BE-04 219 9. 274E-06 296 3. 794E-03 297 3. 649E-03
o 173 2. 003E-04 216 4. D08E-06 237 3. 981E-03 290 1. 467E-02
| 176 1. 218E-02 217 3. 12%-03 238 1. 310E-02 299 3. 739€-03
wu 177 3. 826E-03 : 216 4. 183€-03 299 2. 600E-02 300 3. B24E-03
- 176 3. 819€-03 219 4. 199€-03 260 3. J06E-02 301 2. 2J0E-02
179 3. 762E-03 220 4. O02E-03 261 1. BIE-06 302 1. 139E-03
: 180 1. 209E-03 221 4. B0BE-07 262 1. O0OBE-09 303 3. 269E-03
- 181 7. 888E-06 222 8. J88E-07 263 1. 0D1E-03 304 1. 302€E-04
) 182 2. 997e-09 223 7. 933%E~06 - 264 3. 109E~-03 303 1. 493E-04
183 1. 603E-06 224 9. 473E-06 265 2. 021E-04 306 2. O29E-04
184 2. 430E-07 229 3. 068E-07 266 1. 877E-04 307 1. 338E-03
183 8. 976E-07 226 9. 344E-07 267 1. 02IE-06 308 3. 071E-07
186 2. 969€-07 227 1. 201E-06 268 &. 113€-07 309 0. 000E-01
187 1. 276E-07 220 1. 093€-07 269 1. 917E-06 310 3. 210e-07
1868 4. 002E-08 229 1. 190E-07 270 3. 179€E-06 311 4. 211E-07
189 0. 000E-01 230 2. B46E-07 271 7. 624E-06 312 1. 34E-06
190 1. O0QE-08 231 9. 623E-09 272 1. 720E-07 313 3. 131E-08
191 9. 093E-09 232 4. 296E-08 273 1. 999€-07 314 2. 512€-08
192 8. 767e-10 233 2. 717€~08 274 2. 247E-07 313 0. 000E-01
193 1. 122E-08 234 9. 193E-09 275 4. 596E-08 316 1. 062E-06
194 1. 627E-09 233 1. 0649E-08 276 2. 993E-08 317 3. 813E-06
199 0. 000E-O1 236 1. 109€-08 277 3. 840E-08 318 1. R60E-03
196 4. 322E-03 237 4. 613E-02 278 1. 831€-08 319 1. 349€-08
197 4. 320£-03 238 2. 933E-02 279 1. 814E-08 320 0. 000E-~O1
198 4. 094E-03 239 1. 799E-02 280 B. 333E-09 321 9. 280E-09
199 4. 261E-03 240 3. 1446E-02 281 9. 363E-02 322 3. 129E-09
200 4. 389E-03 241 4. 170E-02 282 9. 500E-02 323 3. 122E~09
201 4. O70£-03 242 1. 734E-02 283 9. 094E-02 324 0. 000E-01
202 4. 341E-03 243 4. 140E-02 284 3. 334E-02 329 3. 33%E-03
203 4. 0835E-03 244 3. 991E-02 283 3. 674E-02 326 3. 307E-03
204 4. 126E-03 249 2 93%E-02 286 4. 691E-02 327 2. 418E-04
209 4. 021E-03 246 1. 934E-04 287 1. 327€-03 328 2. 333E-04

d vP1-¥I-M8-0OHY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 29 of 51)

#anun FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #ssas

S8AMPLE PROBLEM, DIFFUBION FROM A \TED CANNISTER

... REBULTS AFTER 2. 9500 YEARS - DYNAMIC SIMULATION. .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2 COMP-2, MG/LIT

OUTPUT FOR NODES 329 TO 440 ... THE SYMBOL # DENOTES A BPECIFIED VALUE ..

NODE  CONCENTRATION NODE  CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER
329 1. 291E-03 399 1. 041E-06 389 0. 000E-O1
330 3. 404E-03 360 1. 992E-09 390 &. S0PE-10
331 3. 377e-03 361 0. 000E~-01 391 2. B79E-07
332 3. 3%2e-03 362 4. 444E-10 392 1. 176E-07
333 3. 919%E-03 363 3. 459€-03 393 4. 010€E-07
334 3. 492E-03 364 3. 407E-03 394 0. COOE-01
339 3. 991E-03 369 2. 989E-04 399 2. 06%€E-10
336 3. 666E-03 366 2. B25E-04 394 0. 00OE-O1
337 8. 339E-06 367 1. 389E-03 397 2. 781E-08
338 1. 016E-03 368 3. 479E-03 398 0. 000E-O01
339 4. 033E-09 369 1. 064E-09 399 1. 261E-07
340 1. 19%€-09 370 ©. 018E-06 400 0. O0OE-01
341 9. 369E-06 371 3. 998E-09 401 2. 274E-09
342 3. 370€-09 372 1. 097E-06 402 0. O0OE-01
343 0. 000E-01 373 3. 949€E-07 403 0. 000E-01
344 3. 224"-08 374 8. 9~=-07 404 1. 400E-08
343 0.¢ -01 379 4.9 -07 403 7. 390E~10
346 0. 000E-0O1 376 9. 62TE-07 406 0. 000E-01
347 2. 743E-07 377 1. 368BE-08 407 ©. 291E~10
348 1. 482€-08 378 0. 000E-01 408 2. 193€-08
349 0. 000E-01 379 2. 249E-08 409 4. 764E-08
350 1. 28%E-08 380 3. 089E-08 410 7. 802€-08
391 3. 930E-07 381 0. 000E-01 411 0. OOOE-O1
392 7. 973%-07 382 0. C0OE-01 412 1. 128€-10
393 1. 493E-06 383 1. 61BE~-09 413 0. O0DOE-01
394 0. 000E-01 384 0. 000E-O1 414 4 L44E-08
399 1. 494E-09 389 2.171E-08 419 6. 641E-08
3%6 0. 000E-01 386 1. 726E-07 4146 3. 334E-08
337 9. 792E-07 387 3. 204E-07 417 9. 687E-11
338 1. 291E-06 388 7. 032E-10 418 0. ODOE-01
CONSTITUENT COMP-2 DIAGNDSTICS
MAXIMUM VALUE I8 9. S00E-02
MAXIMUM CHANGE I8 3. 934E-02 AT NODE 267, MAXIMUM FRACTIONAL CHANGCE IS

NODE CONCENTRATION
NUMBER
419 2. 960€E-11
420 3. 737E-09
421 3. 077e-09
422 1. 310E-08
423 1. 132E-09
424 0. O00E-O1s
429 0. OQ0E-Ot#
426 0. O00E-O1#
427 0. 000E-01
428 0. 000E-O1
429 0. O00E-O14a
430 0. OOOE-O1#
431 0. 000E~O1#
432 0. 000E-O1#
433 2. 948E-00
434 5. 931E-11
435 0. OO0E-O1#
436 0. O00OE-O1#
437 0.000E-O1%
438 0. OOOE-O1#
439 3. 36BE-08
440 0. 000E-O1
441 O, OOOE-O1®
442 0. O00E-O1w
443 0. 000E-O1e
444 1. 048E-09
443 0. OOOE~O1#
8. 401E+00

MAXIMUM CORRECTION IS 8. 226E~-03 AT NODE 271, MAXIMUM FRACTIONAL CORRECTION IE 8. 214E-0i

APPROXIMATE MAXIMUM PECLET NUMBERS ARE
2. 9872E~-03 AT ELEMENT 72 FOR MATERIAL TYPE CANIST
4, O447E-09 AT ELEMENT 87 FOR M~A¥="1AL TYPE PCKNG
2. 0338E-01 AT ELEMENT 19 FOR M 'IAL TYPE HOST

THE AMOUNT OF THE CONSTITUENT C -2 PRESENT IN E BIMULATION ENV  INMENT I8 {.219E-04 ORAMS.

d Yv1-43-M3-OHY




LISTING D-6. Output Report File for Test Case Two. (Sheet 30 of 51)

THE FOLLOWING DECAY CHAIN HAS BEEN BELECTED, SIMULATION TIME = 2. 500E+00

CONSTITUENT UBAQGE DECAY RATE(S8)

1) cComMP-1 1 7. Y00£-02
2) CoMP-2 1 7.767E-03 1.9331E-10

£6-0
d vP1-4)~M8-0HY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 32 of 51)

sssas FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sesas

SAMPLE PROBLEM. DIFFUSION FROM A HEATED CANNISTER

... REBULTS AFTER 23. 00 YEARS - DYNAMIC SIMULATION.
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 coMP-1, MO/LIT

OUTPUT FOR NODES 1 TO 164 ... THE SYMBOL # DENOTES A SPECIFIED VALUE . ..

NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER

1 0. O0OE-0i# 42 4. 923E-04 83 0. 000E-01
2 0. OOOE-01# 43 4. 603E-03 84 3. 803E-07
3 0. 000E-01+ . 44 6. 006E-03 83 3. 243E-02

4 0. OOOE-O1» 43 3. 413€-04 a6 2.3 01

3 0. O00E-O}# 46 4. 082E-04 87 3. 9,002
6 0. 0O00E-01# 47 2. 160E-03 a8 3. 717e-02
7 0. 000E-O1# 48 8. 420E-03 89 2. 361E-01
8 0. 000E-01# 49 2. 239€-04 90 2. 334E-01
9 0. 000E-0Q1# 30 2. 670E-06 91 3. 393E-02
10 0. COOE-O1# 31 7. 934E-06 92 1. 243E-01
11 0. 000E-O1a 92 3. 860E-03 93 1. 813E-01
12 0. 000E-O1+ 33 9. 292E-07 94 2. 430€-01
13 0. 000E-01# 34 1. 399E-06 93 2. 309E-~-01
14 0. O00E-0Q1» 33 1. 949E-06 . 96 6. 423E-02
13 0. O00E-Oi® 346 1. 38%E-07 97 9. 103E-03
16 6. 361E-06 37 3. 676E-07 98 2. 318E-02
17 4. 333E-09 58 4. 113€-08 99 7. 239E-02
10 1. 783E-03 39 4. 183E-08 100 9. 001E-04
19 4. 307E-09 60 4. 33308 101 1.873E-03
20 1. 506E-09 61 6. 410E-08 102 9. 060E-03
21 2. 047E-06 62 9. 747E-04 103 6. 776E-03
22 9. 170E-06 63 1. 337E-02 104 1. 223€-04
23 9. 108E-02 64 1. 333E-02 103 3. J62E-03
24 1. 334E-06 69 1. 426E-02 106 3. 240E-06
23 8. 3035E-06 66 1. 370E-03 107 1. 366E-03
26 7. A93E-06 &7 7. 041E-04 108 4. 437€-08
27 &. 361E-07 &8 7. 290E-03 109 2. 643E-06
28 9. 643E-07 &9 1. 096E-02 110 3. 998E~-06
29 4. 293E-06 70 2. 491E-04 111 2. 490E-07
30 7. 001E-~-08 71 1. 892E-03 112 1. 733E+00
31 1. 368E-07 72 4. 479E-03 113 7. 351E-01
32 3. 054E-07 73 2. B43E-03 114 &6. 991E-01
33 0. 000E-01 74 B. 04%E-03 119 1. 660E+00
34 0. 000E-0O1 73 9. 24IE-04 116 1. 483E+00
33 1. 276E-07 76 2. 200E-06 117 7. 08BE-01
36 1. 139€-08 77 8. 027E-07 118 1. 688E+00
37 a. 352E~-086 78 2. 2I1E-0D 117 1. 644E+00
38 7. 949E-09 79 A 943E-07 120 3. 482E-01
39 4. 976E-03 80 1. 619606 121 7. 183E-01
40 6. 767E-04 81 0. 000E-01 122 1. 233E+00
41 6. 973E~04 82 1. 486E-07 123 7. 180E-02

NODE

CONCENTRATION
NUMBER
124 1. 230E-01
125 3. 431E-01
126 4. 343E-03
127 7. 039€-03
128 3. 393E-02
129 3. 491E-04
130 9. 423E-04
131 2. 374E-~-09
132 2. 667E-09
133 4. 938E-09
134 0. OQOE-03
133 1. 379E-09
136 1. 899€-03
137 0. 000E-0O1
138 9. 431E+00
139 3. 338E+00
140 3. 239E+00
141 9. 382E+00
142 9 413E+00
143 3. 324E+00
144 3. 323E+00
143 3. 332E+00
146 1. 232E+00
147 1. 636E+00
148 3. 277E+00
149 1. 768E-01
130 2. 307e-01
131 6. 844E-01
192 1. 093e-02
193 1. 291E-02
134 9. 724E-02
133 6. 361E-04
136 9 761E-04
137 0. OOOE-O1
130 1. 0B4E-04
139 1. 133E-04
160 0. O00OE-O1
161 1. 248E-09
162 2. 944E-03
163 0. 000E-01
164 3. 460E+00

d vv1-43-M8-0HY
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LISTING D-6.

sases FINITE ELEMENT MODEL

SAMPLE PROBLEM,

QUTPUT FOR NODES

NODE
NUMBER
169
166
167
168
169
170
171
172
173
174
179
176
177
178
179
180
181
182
183
184
189
186
1897
188
189
190
191
192
193
194
199
196
197
198
199
200
201
202
203
204
203

YOSUIUUBUIUIONUWOr Y=~ rUCRNYIIUS UV UsUUY

CONCENTRATION

438E+00
387E+00
402E+00
439E+00
331E+00
390E+00
372E+00
266E+00
293€+00
982E+00
990E+00
119€+00
290E+00
316E+00
273E+00
302E-01
204E-01
744E-01
203e-02
434E-02
122E-02
326E-02
032E-03
67T -04
1 -04
828E-09
210E-04
000E-01
631E-09
416E-09
000E-01
392E+00
497E+00
439E+00
486E+00
921E+00
408E+00
489E+00
429E+00

. 379E+00

372E+00

... RESULTS AFTER 23. 00

Output Report File for Test Case Two.

(Sheet 33 of 51)

DIFFUBION FROM A HEATED CANNIBTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 1

163 TO 328 ..

NODE

NUMBER
206
207
208
209
210
211
212
213
214
219
216
217
24~
2
220
221
222
223
224
229
226
227
228
229
230
231
232
233
234

239,

236
237
238
239
240
241
242
243
244
243
246

comP-1,

CONTAMINANT TRANSPORT ANALYBIS sssss

YEARS - DYNAMIC OIMULATION. .

MO/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE ...

CONCENTRAT JON NODE  CONCENTRATION
NUMBER
9. 329E+00 247 1. 631E+00
9. 203E+00 248 3. 127E+00
9. 242E+00 249 9. 082E+00
1. 610E+00 290 9. 144E+00
1. 6643E+00 251 9. 083E+00
3. 191E+00 292 9. 097E+00
9. 232E+00 " 293 9. 167E400
9. 269E+00 294 7. 099E-01
3. 212E+00 - 299 9. 126E+00
2. 418E-01 256 9. 167E+00
2. 499€-01 297 9. 243€+00
7. 180E-01 298 8. 173E+00
9. 3 =0~ 299 1. 019E+01
3.3 K 260 1. 1u@rsns
3. 266E+00 261 6.2
6. 644E-02 262 2. 919€-01
6. 323E~02 263 2. 4647E-01
2. 409E-01 © 268 7. 391E-01
2. 487€-01 269 1. 716E+00
1. 411E-02 266 1. 6486E+00
1. 420E-02 267 1. 18%E-""
9. 763E-02 268 ©. 983E-
1. 093E~03 269 4. 182E-02
1. 043E-03 270 1. 494E-01
0. 0~~=-01 271 2. 039€-01
1.1, 04 272 8. 128 4
1. 23BE-04 , ‘273 6. 392e-04
0. 000E~01 274 9. 032e-09
3. 261E-09 279 1. 071E-04
3. 165E-09 276 6. 902E-09
0. O00E-01 277 0. 0O00E-O1
1. 442€+01 278 2. 079€-09
1. 121E+01 279 1. 887€-09
9. 01BE+00 280 0. 000E-01
1. 184E+01 281 1. 464E+01
1. 373E+01 282 1. 978E+01
8. B&KE+O0 203 1. 421E+01
1. 301E+01 284 1. 119€+01
1. 330E+01 269 1. 162E+01
1. 047E+01 "84 1. 264E+01
1. 633€E+00 17 3. 269E+00

NODE

CONCENTRATION
NUMBER
208 4. 994E+00
289 5. 032E+00
290 9. 003E+00
291 9. 021E+00
292 9. 049E+00
293 9. 077E+Q0
294 9. 199E+00
299 9. 092€E+00
296 9. 037E+00
297 9. 096E+00
298 8. 026E+00
299 9. 064E+00
300 9. 071E+00
301 9. 763E+00
302 4. 103E-01
303 8. 373e-01
304 1. 332E+00
309 1. 394E+00
306 1. BABE+00
307 3. 312E+00
308 9. 780E-03
309 2. 821E-03
310 1. 341E-02
311 3. 822E-02
312 9. 287E-02
313 4. 302E-04
314 1.804 4
319 6. 061E-09
316 1. 012E-01
317 1. 741E-01
318 4. 390€E-01
319 3. 870E-03
320 1. 990E-09
321 0. 000E-0O1
322 1. 860E-09
323 5. 240E-06
324 0. DOOE-01}
329 4 961E+00
326 4. 970E+00
327 1. B10E+00
328 1. 823E+00
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LISTING D-6. Output R »t File for Test Case Two. (Sheet 34 of 51)

sssss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS ssass

SAMPLE PROBLEM. DIFFUSION FROM A HEATED CANNISTER

... REBULTS AFTER 29. 00 YEARS - DYNAMIC BIMULATION. . .
..... CONCENTRATIONG FOR CONSTITUENT NUMBER 1 COMP-1, MO/LIT .....

OUTPUT FOR NODES 329 TO 449 ... THE S8YMBOL * DENOTES A S8PECIFIED VALUE ..
NODE CONCENTRATION 13 CON TRATION . CONCENTRATION N
NUMBER uonBER ~MBER
329 3. 2446E+00 399 8. 942E-02 389 6. 928E-07
330 4. 981E+00 360 2. 620E-06 390 0. O0OE-01
331 4. 990€+00 361 9. 047E-06 391 6. 784E-04
332 4. 9646E+00 362 J. 024E-07 392 9. 221E-04
333 9. 014E+00 363 4.4 +00 A93 2. 083E-03
334 4. 990€+00 364 4. 966E+00 394 4. 422E-07
339 4. 997€+00 3469 1. B93E+00 393 0. 0OOE-01
336 9. 026E+00 344 1. 900E+00 396 1. 488E-07
337 2. 918E-01 3467 . 344E+00 397 7.897E-04
338 J. 198£-01 348 4. 978E+00 398 2. 649E~-03
339 a. 998E-01 369 2. 332€-01 399 9. 976E-04
340 3. 163€-01 370 3. 423E-01 400 3. 206E-06
341 3. 189€-01 371 8. 979€-01 401 1. 397E-06
342 8. 962€-01 2 6. J28E-02 402 4. 64646E-06
343 1. 471E-03 73 2. J44E-02 403 9. 921E-046
344 1. 94BE-04 374 9. 421E-02 404 J. 127E-09
343 1. 627E-03 379 2. 224€-02 . 405 1. 413E-07
346 J. 319E-03 A74 1. OOFE-O01 406 4. 992E-07
347 1. S06E-02 7 6. 630E-03 407 0. 000E-01
346 9. 223e-09 378 9. 172E-06 ’ 400 1. 499E-09
349 7. 772E-06 379 6. 410E-09 409 1. 974E-03
330 2. 670E-09 380 1. 441E-04 410 7. 493E-09
391 7. 882E-03 381 9. 03SE-04 411 2. 699€E-07
392 1. 239e-02 382 7. 222E-06 412 0. 000E-01
393 9. 373e-02 383 0. 000E~01 413 1. 780E-07
394 1.011E-09 384 9. 097E-06 414 4. 071E-09
399 1. 893E-06 389 2. 879€-04 419 9. 044E-03
3% 2. 612E~07 386 4. B2BE-04 416 6. 494E-09
397 1. 732E-02 307 1. 476E-03 417 0. OOOE-01
338 2 164E-02 388 9. 288E-~08 416 4. 179€-08
CONBTITUENT COMP-1 DIAGNDSTI
MAXIMUNM VALUE IS 1. 378E+01
HMAXIMUM CHANGE IS 9. D71E-O1 AT NODE 127, MAXIMUM FRACTIONAL CHANGE 18

MAXIMUM CORRECTION IS 3. 074E-02 AT NODE 396, MAXIMUM FRACTIONAL CORRECTION IS
APPROXIMATE MAXIMUM PECLET NUMRFRE ARE
2. 3472E-03 AT ELEMENT 72 IR MATERIAL TYPE CANIST
4. OAATE-03 AT ELEMENT 87 rJR MATERIAL TYPE PCKNG
2. 0338E-01 AT ELEMENT 13 FOR MATERIAL TYPE HOST

CONCENTRATION

~UMBER
419 0. 000E-01
420 9. 104E-02
421 6. 737€-09
422 2. 7786E-09
423 6. 421E-07
424 0. OOOE-~O1#
429 0. O00E-O1s
426 0. O00E-O1®
427 3. 291E-07
420 2. 439E-07
429 0. OO0E-O1e
430 0. O00E-O1*
431 0. O00E-O1+#
432 0. 000E-O1+e
433 3. 969E-06
434 0. 000E-0O1
433 0. O00E-O1#
436 0. COOE-O1#
437 0. OOOE-O1 @
438 0. 000E-01»
439 6. 760E-06
440 2. 333E-08
441 0. Q00E-O1#
442 0. O00OE~O1#
443 0. 000E-O18
444 1. 932E-09
443 0. O00E-O1#

3. 964E+00

2. 992E+00

THE AMOUNT OF THE CONSTITUENT COMP-1 PRESENT IN THE SIMULATION ENVIRONMENT I8 1. 223E-01 ORAMS

d vp1-83-M8-0HY
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LISTING D-6.

1) CoMP~1

. 2) cow-2

1

1

Output Report File for Test Case Two.

DECAY RATE(8)

7. 900E-03

7. 767E-03 1. 931E-10

(Sheet 38 of 51)

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED. BIMUWLATION TIME = 2. 300€+01
CONBTITUENT UBAGE

d vYP1-4J-M8-OHY
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LISTING D-6.

#asse FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #asss

SAMPLE PROBLEM.

OUTPUT FOR NODES

NODE
NUMBER

COr~O~RNENO=~DURrU =~ AULUWWWUR000000000000000

CONCENTRATION

. OOOE-O1#

000E-O1#
OO0OE-O1#
O00OE-O1#
O00E-O1#
000E-O1 4%
000E-O1#
OQ0E-O1#
OOOCE-O1#
O00E-O1#
O00E-O1#
000E-~O1#
000E-O1#
O00E-O1#
O00E-O1#
4935€-09
063E-04
021E-04
100E-04
488E-09
034E-03
9968E-04
109€-04
264E-09
231E-04
717€E-04
784€-~03
247E-09
0&0E-09
290E-06
962E-06
J28E-07
000E-01
943E-07
8368E-07
031E-07
642E-07
000E-01
O40E-03
043E-03
219E-03

... RESULTS AFTER 50. 00

Output Report File for Test Case Two.

(Sheet 39 of 51)

DIFFUSION FROM A HEATED CANNISTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 1

1 70

164 . .

NODE
NUMBER

42
43
44
43
46
47
48
49
50
S1
52
93
34
99
36
97
o8
%9
&0
61
62
63
64
69
66
&7
68
69
70
71
72
73
74
73
76
77
76
79
80
a1
a

comMpP-1.,

YEARS - DYNAMIC SIMULATION. ..

MO/LIT

THE SYMBOL #* DENOTES A SPECIFIED VALUE ..

CONCENTRATION NODE CONCENTRATION
NUMBER
6. 249E-03 83 0. 000E-01
1. 160€-03 84 2. O78E-0S
8. 523E-04 8% 3. 28%E-01
4. A23E-03 86 9. 069€-01
9. 047E-03 87 3. 961E-01
4. J26E-04 88 3. 479E-01
2. 082E-03 89 9. 129€-01
J. AI4E-03 90 9. 070€-01
8. 712€E-09 91 2. 447E-01
3. 593E-04 92 5. 968E-01
1. 283€-03 93 7. 716E-01
0. 000E-01 94 9. 343E-01
0. 000E-O1 99 9. 922e-01
2. 184E-04 96 3. 7L2=-0g
9. 199E-06 97 1.0 ‘01
1. B49E-09 98 2. 199E-01
0. O0OE=-01 99 4. 047E-01
0. 000E-01 100 2. 116E-02
0. O00E-01 101 3. B4OE-02
4. 494E-06 102 1. 097e-01
2. 146E-02 103 9. 064E-04
1. 137€-01 104 1. 322E-03
1. 213€-01 103 3. 937€-03
1. 264E-01 106 1. 246E-09
2. 406E-02 107 1. 011E-04
1. 633E-02 1080 2. 425E-09
8. 296E-02 109 2. 931E-09
1. 012€-01 110 1. 007€-03
8. 530E-03 ' 111 4 964E-06
3. 673E-02 112 3. 810E+00
6. 004E-02 113 2. 036E+00
2. 494E-03 114 1. 967E+00
7. 399E-03 119 3. 691E+00
2. 049€E-02 116 3. 733E+00
1. 622E-04 117 1. 989E+00
1. 632E-09 118 3. 731E+00
1. 381E-03 119 3. 672E+00
0. O00E-01 120 1. 211E+00
4. B32E-03 121 2. 036E+00
0. O00E~-01 122 3. 003E+00
1. 027E-09 123 4 102E-01

NODE

CONCENTRATION
NUMBER
124 6. 110E-01
123 1. 217€E+00
126 6. 396E-02
127 8. 939E-02
120 2. 982E-01
129 2. 992E-03
130 3. 877e-03
131 6. 944E-03
132 1. 789€-04
133 2. 971E-04
134 6. 001E-09
139 3. 972E-09
136 6. 927€E-05
137 0. 00"=-01
138 9.18 00
139 6. 29+=~00
140 6. 129E+00
141 9. 13BE+00
142 9. 168E+00
143 6. 263E+00
144 9. 079E+00
143 9. 108E+00
146 2. 997E+00
147 3. 729E+00
148 4. 222E+00
149 7. 949€E-01
130 9. 483€-01
131 2. 004€E+00
192 1. 111E-01
133 1. 28%E-01
134 3. 763E-01
199 4. 9510E-03
136 3. 783€E-03
197 9. 113E-03
198 4. 380E-04
199 4. 523E-04
160 8. 738E-06
161 4 83%-03
162 1. 023E-04
163 0. 000E~-O1
164 9. 211E+00

d bv1-¥I-M8-0OHY




LISTING D-6. Output Report File for Test Case Two. (Sheet 40. of 51)

ssss® FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS aasaw

SAMPLE PROBLEM, DIFFUSION FROM A HEATED CANNISTER

... REBULTS AFTER 30. 00 YEARB - DYNAMIC SIMULATION. .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 COoMP-1. MO/LIT ... ..

‘

OUTPUT FOR NODES 163 TO 328 ... THE SYMBOL » DENOTES A SPECIFIED VALUE ...
NODE CONCENTRAT ION NODE CONCENTRATION NODE CONCENTRATION NODE
NUMBER NUMBER NUMBER
169 9. 191E+00 206 9. 073E+00 247 3. 803E+00
166 9. 143E+00 207 8. 948E+00 248 6. 113E+00
167 9. 134E+00 =ne 8. 988E+00 249 6. B24E+00
160 9. 197F+00 <} 00 i a
169 9. 08! 20 210 3. wnws-00 avs B vauve-we
170 9. 103E+00 211 6. 176E+00 232 8. 837E+00
171 9. 126E+00 212 8. 972E+00 233 8. 906E+00
172 9. 0146E+00 213 9. 012€E+00 294 2. 113E+00
173 9. 044E+00 214 8. 994E+00 233 8. 863E+00
174 3. 643E+00 213 9. 994E-01 236 8. 899E+00
o 179 3. 649E+00 216 1. 029€+00 237 8. 973E+00
| 176 6. O29E+00 217 2. 113E+00 298 1. 1397E+01
[e)} 177 9. 038E+00 218 9. 0446E+00 239 1. 339E+01
w 178 9. 067E+00 219 9. OB4E+00 260 1. 460E+01
179 9. 022E+00 220 9. 002E+00 261 4. 244E-01
180 9. 481E-01 221 4. 276E-01 262 1. 033E+00
181 9. 339€-01 222 4. 130E-01 263 1. 032E+00
182 2. 002E+00 233 1. 018E+00 264 2. 196E+00
183 3. 598E-01 224 1. 030E+00 269 3. 974E+00
184 1. 4689E-01 223 1. 486E-01 ' 2646 3. 843E+00
185 3. 984E-01 226 1. 451E-01 267 1. 318E-01
186 1. 380E-01 227 3. 961E-01 268 1. 147€E-01
187 6. 313E-03 228 6. 283E-03 269 3. 233%E-01
188 &. 342E-03 229 6. 4B4E-03 270 7. 407E-01
189 1. OB0E-02 230 1. O4BE~-02 271 9. 302E-01
190 4. 343E-04 231 3. 600E-04 272 3. 430E-03
191 4. 876E-04 232 3. 083E-04 273 4. 942€-03
192 3. 041E-09 233 4. 929E-06 274 9. 007E-03
193 1. 237E-04 234 8. 433E-09 279 4. 934E-04
194 1. 108E-04 233 1. 143E-04 276 3. 348E-04
193 0. 000E-01 . 234 0. 000E-01 277 & 308E-03
196 9. 292€+00 237 1. 714E+01 2768 & 8&7E-03
197 9. 244E+00 238 1. 430E+01 279 8 420E-03
198 9. 189E+00 239 1. 234E+01 280 0. 000E-01
199 9. 230E+00 240 1. 486E+01 281 1. 732E+01
200 9. 264E+00 241 1. 633E+01 282 1. 834E+01
201 9. 134E+00 242 1. 221E+01 203 1. 693E+01
202 9. 226E+00 243 1. 987E+01 204 1. 420£+01
203 9. 173E+00 244 1. 614E+01 283 1. 462E+01
204 9. 117E+00 243 1. J62E+01 286 1. 993€E+01
209 9. 117E+00 246 3. 796E+00 287 6. J44E+00

CONCENTRATION
NUMBER

200 8. 7346E+00
209 8. 773E+00
290 8. 742E+00
291 8.73

292 8. 78ucvuv
293 8. 809E+00
294 8. 878E+00
293 8. 826E+00
296 8. 769E+00
297 8. 762E+00
298 1. 143E+01
299 8. 787€+00
300 8. 792E+00
301 1. 297E+01
302 1. 487E+00
303 2. 431E+00
304 3. 324E+00
309 3. 439E+00
306 4. 240E+00
307 4. 432E+00
308 8. 826E-02
309 5. 9461E-02
310 1. 999€E-01
311 3. 314E-01
312 3. 312E-01
313 3. 409E-03
314 2 134E-02
319 5. 961E-03
316 3. 923E-~-01
317 B. 643E-01
318 1. 373e+00
319 2. 741E-04
320 1. 420E-04
321 5. 087E-09
322 3. 921E-09
323 2. J49E-09
324 3. J62E-06
323 8. &97E+00
326 B. 709E+00
327 4. 183E+00
320 4. 209E+00
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LISTING D-6. Output Report File for Test Case Two. (Sheet 41 of 1)
#aane FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS ##uss
SAMPLE PROBLEM. DIFFUSION FROM A HEATED CANNISTER

... RESULTS AFTER 30. 00 YEARS - DYNAMIC SIMULATION. .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 1 COMP-1, MG/LIT

QUTPUT FOR NODES 329 TO 443 ... THE SYMBOL # DENOTES A SPECIFIED VALUE ..
NODE CONCENTRATION NODE CONC  TRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER NUMBER
329 6. I33E+00 339 9. 662E-01 389 3. 176€E-03 419 3. 293E-07
330 8. 719E+00 360 2. 649E-03 390 0. 00OE-01 420 7. 397€E-04
331 6. 727E+00 361 0. 000E-O1 391 1. 194E-02 421 3. 094E-03
332 8. 701E+00 362 1. 466E-03 392 1. 323E-~-02 422 7. 741E-04
333 8. 743E+00 363 B. 704E+00 393 3. 013€E-02 423 4. 178€E-09
334 8. 721E+00 364 B. 499E+00 394 2. 032€-09 424 0. O0OE~-O1+
339 8. 726E+00 363 4. 263E+00 393 0. O00E-01 429 0. OOOE-O1+
336 8. 792E+00 366 4. 337E+00 396 8. I67E-06 426 0. O00E-O1+
337 1. 107E+00 367 6. 499E+00 . 397 1. 414E-02 427 7. 276E-09
330 1. 292E+00 368 8. 710E+00 398 9. 394E-02 420 0. 022E-06
o 339 2. 498E+00 36% 1. 331E+00 379 1. 344E-02 429 0. OOOE~O1#
| 340 1. 287E+00 370 1. 354E+00 400 3. 187€E-04 430 0. COOE-O1+
52 341 1. 296E+00 371 2. 583E+00 401 3. 301E-04 431 0. O00E-O1#+
342 2. 498E+00 T = 4ee=-01 402 1 ~°7T .04 432 0. O00E-Ol~
343 3. 999E-02 3 o1 . 403 3 04 433 1. 097e-04
344 1. 520E-02 374 5. B34E-01 404 1. xcoc-03 434 7. 023€-07
343 3. 996E-02 379 2. 24BE-01 403 0. 000E-01 433 0. OOOE-O1»
346 7. 114E-02 376 6. 141E~01 406 1. 107E-0S 4346 0. OOOE-O1+
347 1.743E-01 377 5. B3BE-03 407 1. B4FE-O0S 437 0. 000E-O1+»
340 1. 371E-03 376 1. 081E-03 408 4. 669E-04 438 0. O00E-O1+
349 1. 831E-04 379 3. 239E-03 409 9. 912E-04 439 1. 360E-04
330 2. 541E-03 380 9. 113E-03 410 2. 256E-03 440 9. 9423€-08
351 1. 143€E-01 381 2. 01&E-02 411 7. 163E-06 441 0. O00E-O1+
352 1. 352E-01 382 3. 488t-04 412 2. 636E-06 442 0. O00E-O1#
333 4. 030E-01 383 0. 000E-01 413 0. 00CE-01 443 0. COOE-O1as
334 4. 992E-09 304 4. B6BE-04 414 7. 1235E-04 444 1. 441E-04
399 6. 709E-09 383 7. 994E-03 419 7. 334E-04 443 0. OQQ0E-0O1+
396 0. O0OE-O1 386 1. 013E-02 416 2. 7869E-03
397 1. 876E-01 387 3. 870E~02 417 0. 000E~01
3%68 2. 128E-01 380 0. 000E-01 418 0. 000E-01
CONSTITUENT COMP-1 DIAGNOSTICS
MAXIMUM VALUE 18 1. 834401
MAXIMUM CHANGE IS 1. 706E+00 AT NODE 311, MAXIMUM FRACTIONAL CHANGE I8 7. 017E+00

MAXIMUM CORRECTION IS 4. 232E-02 AT NODE 361, MAXIMUM FRACTIONAL CORRECTION IS8 1. 473E+00
APPROXIMATE MAXIMUM PECLET NUMBERS ARE )
2. 5472E-03 AT ELEMENT 72 FOR MATERIAL TYPE CANIST
4. O447E-09 AT ELEMENT 87 FOR MATERIAL TYPE PCKNG
2. 0338E-01 AT ELEMENT 13 FOR MATERIAL TYPE HOST

THE AMOUNT OF THE CONSTITUENT COMP~1 PRESENT IN T SIMULATION ENVIRONMENT IS 2 O78E-01 CRAMS.

4J-M38-0HY
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L STING D-6. Output Report File for Test Case Two. (Sheet 42 of 51)

sasss FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #ssss

SAMPLE PROBLEM., DIFFUSION FROM A HEATED CANNIBTER

... REBULTE AFTER 30. 00 YEARS - DYNAMIC GIMULATION. .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2 comP-2, Me/LIT .....

OUTPUT FOR NODES 1 TO 164 ... THE SYMBOL * DENOTES A SPECIFIED VALUE ...
NODE CONCENTRATION NODE CONCENTRAT ION NODE CONCENTRATION NODE
NUMBER NUMBER NUMBER

1 0. COOE-O1+# 42 2. B36E-03 83 0. 000E-01
2 0. O0OOE-O1# 43 5. 99 o4 84 4. 732E-06
3 0. 000E-O1+ 44 4. 4304 83 1. 144E-01
4 0. O00E-O1» 43 2. 093E-~0D3 - 86 2. 742E-01
30 Ote 46 2. 364 3 ) 87 1. 2R24E-01
6 0. vuux-014 47 2. 4A96E-04 66 1. 202E-01
7 0. O00E~O1# 48 1. 108E-03 89 2. 793€-01
8 0. O00E-01+ 49 1. 390E-03 90 2. 734E-01
9 0. O00E-O1+ 30 6. 634E-09 91 8. B39E-02
10 O. OCOE-O1# 31 2. 472€-04 92 1. 928E-01
11 0. O0OE-O1® 32 7. 036E-04 93 2. 402E-01
12 0. 000E-O1# 33 0. 000E-01 94 2. BO4E-O1
13 0. O00E-O1» 34 0. 000E-O1 93 2. 854E-01
14 0. O00E-O1# 393 1. 296E-04 96 1. 288E-01
19 0. 000E-O1® 946 2. 933IE-04 97 4. 133E-02
16 2. 363E-03 37 9. 690E-06 . 98 8. 199E-02
17 1. 489E-04 98 0. O00E-01 99 1.372E-01
18 1. 367E-04 39 0. 000E-01 100 9. 903E-03
19 1. 320E-04 60 0. O00E-01 101 1. 732€-02
20 2. 683E-03 61 2. 3186-06 102 4. 244E-02
21 2. 010E-03 62 9. 938E-03 103 3. 687E-04
22 1. 130E-04 63 4. 460E-02 104 5. 225E-04
23 1. 444E-04 64 4. 4B9E-02 105 2. 210£-03
24 1. 390E-03 69 4. 667E-02 106 1. 6B7E-06
23 6 993E-03 66 1. 093E-02 107 3. 320E-09
26 9. 761E-09 &7 7. 843E-03 108 2. 209E-09
27 9. 371E-06 68 3. 345E-02 109 9. 717E-06
268 3. 002E-03 &9 3. 972E-02 110 2 634E-06
29 3. 873€-03 70 4. 294E-03 111 2. 570€E-06
30 2. 313E-06 71 1. 6376-02 112 8. 797€-01
31 3. 930E-06 72 2. S19E-02 113 5. 367E-01
32 2. 8B15E-06 73 1. 376E-03 114 5 223E-01
33 7. 077e-08 74 3. 950E-03 119 8 983E-01
34 3. 798€~-07 79 9. S13%-03 116 8. 662E-01
33 0. 000E-01 76 8. 41BE-05 117 9 275E-01
36 9. 701E-08 77 1. 870E-03 118 8 722E-01
37 0. 000E-O1 78 7. 906E-04 119 8. 366E-01
38 4. 4467E-08 79 0. 000QE-01 120 3. 520E-01
39 5. 412E-04 80 2. 133E-09 ’ 121 S 426E-01
40 2. 687E-03 81 0. 000E-01 122 7. 323E-01
41 2. 760E-03 82 9. 389E-06 ) 123 1. 399E-01

CONCENTRATION
NUMBER
124 1. 993€-01
129 3. 360E-01
126 2. 733E-02
127 3. 706E
120 9. 449E-va
129 9. 289E-04
130 1. 367E-03
131 3. 902E-03
132 9. 8464E-03
. 133 7. 690E-03
134 4. 3146E-03
139 9. 199E-06
136 1. 905E-03
137 2. 339E-07
138 1. 666E+00
139 1.279€E+00
140 1. 233E+00
141 1. 643E+00
142 1. 663E+00
143 1. 273€E+00
144 1. 698E+00
143 1. 661E+00
146 7. 398E-01
147 6. 762E-01
146 1. 274E+00
149 2 316&E-01
190 2. 919€-01
191 3. 412E-01
192 4. 480E-02
193 5. 113e-02
1594 1. 327E-01
199 1. 339E-03
196 1. 93BE-03
197 5. 088E-03
198 1. 299E-04
199 1. 298E-04
160 4. 03BE-09
161 1. 182E-09
162 2. 671E-05
163 9 087€E-07
164 1. 666E+00

d vP1-¥3-M8-0OHY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 43 of 51)

asaas FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS ssass

SAMPLE PROBLEM,

OUTPUT FOR NODES

NODE
NUMBER
163
166
167
168
169
170
171
172
173
174
179
176
177
178
179
180
181
182
183
154
189
186
187
188
189
190
191
192
193
194
193
196
197
198
199
200
201
202
203
204
203

- ke e e b e e O W W P --alN U N!“"P e (D@ e e lalelialiaiaialial

CONCENTRATION

. 666E+00
. 663E+00
. 663E+00
. 663E+00
. 698E+00

638E+00

. 661E+00
. 630E+00
. 654E+00
. 636E-01
. 713€E-01
. 294E+00
. 631E+00

654E+00

. 630E+00

920E-01
938E-01

. 43BE-01

279€E-01
921E-02
401E-01
4968E-02
117E-03

. 230E-03

B895E-03
220E-04
341E~04
106E-03
299E-09
079€-03
656E-07

. 666E+00 !
. 666E+00

663E+00

. 664E+00
. 666E+00
. 69BE+00
. 699E+00
. 661E+00
. 6DZE+00
. 639E+00

... REBULTB AFTER 30. 00

DIFFUSION FROM A HEATED CANNISTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 2

163 7O 328 ...

NODE

NUMBER
206
207
208
209
210
211
212
213
214
219
216
217
218

21
223

<
229
226
227
228
229
230
231
232
233
234
233
236
237
238
239
240
241
242
243
244
243
246

comMP-2,

YEARS - DYNAMIC SIMULATION. .

MO/LIT

THE SYMBOL ® DENOTES A SPECIFIED VALUE . ..

CONCENTRATION NODE  CONCENTRATION
NUMBER
1. 631E+00 247 9. 076E-01
1. 641E+00 248 1. 279E+00
1. 646E+00 249 1. 631E+00
8. B4ABE-01 230 1. 63%E+00
9. 067€-01 251 1. 431E+00
1. 283€+00 252 1. 630E+00
1. 81E+00 253 1. 636E+00
1. 646E+00 294 5. 791E-01
1. 441E+00 259 1. 631E+00
3. 063E-01 256 1. 631E+00
3. 16%€-01 297 1. 636E+00
9. 718E-01 298 1. 633E+00
1. 642€+00 299 1. 676E+00
], savEsnn 260 1 ===~ 00
1. 261 1. 01
1. svy/e-01 262 3. 2%33IE-01
1.433 1 263 3. 191E-01
3. 197e-01 264 3. 933E-03
3. 173€-01 269 9. 429E-01
3. 929€-02 266 9. 178E-01
9. 792E-02 267 9. 3%0€-02
1. 410€-01 268 4. 7=~ -02
2. 097E-03 269 1.1 -01
2. 179€-03 270 2. A93E-01
5. B4BE-03 271 2. 932€-01
1. 672E-04 272 1. 873e-03
1. 438€-04 273 1. 794E-03
A OALE-09 274 5. 091E-03
1. 70%E-09 279 1. 462E-04
2. 930E-03 276 9. 689E-09
1. 434E-06 277 9. 584E-09
1. 734E+00 ‘ {278 1. 963%E-09
1. 703E+00 279 2. 440E-09
1. 683E+00 280 4. 406E-07
1. 709E+00 281 1. 746E+00
1. 725€+00 282 1. 749E+00
1. 678E+00 283 1. 739E+00
1. 717€+00 284 1. 692E+00
1. 717€+00 289 1. 701E+00
1. 684E+00 286 1. 729F+00
9. 042E-01 287 1.31 00

NODE

CONCENTRATION
NUMBER
2088 1. 622E+00
289 1. 626E+00
290 1. 622E+00
291 1. 622E+00
292 1. 626E+00
293 1. 623E+00
294 1. 623E+00
299 1. 626E+00
296 1. 620E+00
297 1. 618BE+00
298 1. 6446E+00
299 1. 617E+00
300 1. 617E+00
301t 1. & 00
I 4. 3, e=-01
3 6. 916E€E-01
Ju~ 8. 242E-01
309 B. 934E-01
306 9. 977€-01
307 1. 331E+00
308 3. 788E-02
309 2. 693E-02
310 6. 449E-02
311 1. 237E-01
312 1. B93E-01
313 1. 227€E-03
314 8 543E-04
313 3. 383%E-03
316 2 023%E-01
317 2 814€E-01
318 4. 604E-01
319 9. 183€E-09
320 4. 331€-093
321 4. 041E-0S5
322 6. 944E-06
323 7. 312E-06
324 2. 33IJE-06
323 1. 617E+00
326 1. 619E+00
327 9. 886E-01
328 9. 932E-01

d3-M8-0OHY
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LISLTING D-6. Output Report File for Test Case Two. (Sheet 44 of 51)

#asas FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS #nansa

SAMPLE PROBLEM. DIFFUSION FROM A HEATED CANNISTER

... REBULTS AFTER 90. 00 YEARS ~ DYNAMIC SIMULATION. .
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2 COMP-2, MG/LIT

OUTPUT FOR NODES 329 TO 443 ... THE SYMBOL » DENDTES A SPECIFIED VALUE . ..
NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER

329 1. 323E+00 339 1. 971E-01 ’ 389 1. 405E-03
330 1. 617€+00 360 9. 339E-06 390 O. OO0E-O1
331 1. 620E+00 341 0.00 01 391 5. 794E-03
332 1. 617E+00 362 6. 3906 392 &. 454E-03
333 1. 618E+00 343 1. 614E+00 393 2

334 1. 6146E+00 364 1. 616E+00 394 1. vive-uo
339 1. 616E+00 365 1. O04E+00 395 0. 000E-01
336 1. 616E+00 366 1. 017E+00 396 4. 226E-06
337 3. 471E-01 367 1. 343E+00 397 6. 953E-03
338 3. 939E-01 368 1. 616E+00 ' 398 2. 354E-02
339 6. 693E-01 3469 4. 044E-01 399 6. 667E-03
340 3. 929E-01 370 4. 110E-01 400 2. 443E-04
341 3. 961E-01 371 6. BB3E-01 401 8. 259E-05
342 6. 703E-01 372 1. 897E-01 402 1. 261E-04
343 1. 695E-02 373 9. 164E-02 403 2 144E-04
344 6. 094E-03 374 2. 021E-01 404 7. S64E-04
345 1. 855%E-02 379 8. 824E-02 403 0. O00E-0O1
346 3. 191E-02 376 2. 1135€E-01 4046 4. O35E-06
347 6. 990E-02 377 3. 276E-03 . 407 2. 027E-03
348 3. 590E-04 378 7. 571E-04 408 2 6%8E-04
349 1. 03SE-04 379 1. 8956E-03 409 3. 374E-04
330 1. 492€-03 380 2. 864E-03 410 1. 287E-03
351 4. 837e-02 381 1. 020E-02 411 3. 197E-06
352 6. I6ZE-02 382 1. 750E-04 412 1. 993E-06
393 1. 465E-01 383 0. 000E-01 413 0. OO0E-0O1
354 1. 993E-09 384 2. 987E-04 414 4 016E-04
333 2. 907E-03 389 4. 027E-03 415 4. 169E-04
3546 0. 000E-0O1 386 9. 173E-03 416 1. 564E-03
357 7. 503E-02 387 1. 843E-02 417 0. OOOE-0O1
358 8. 3%9E-02 3688 0. 000E-01 418 0. 000OE-01

CONSTITUENT COMP-2 DIAGNOBTICS
MAXIMUM VALUE I8 1. 749€+00

THE AMOUNT OF THE CONSTITUENT COMP-2 PRESENT IN THE

MAXIMUM CHANGE I8

6. 663E-01 AT NODE 182, MAXIMUM FRACTIONAL CHANGE IS

NODE CONCENTRATION

NUMBER
419 2 842E-07
420 4. JG1E-04
421 1. 712E-03
422 4. 441E-04
423 2. 324E-03
424 0. O00E-O1#
425 0. O00E-Ots
426 0. OOOE-O1#
427 4. 947E-03
428 3. 370E-06
429 0. O00E-O1#
430 0. 000E-OQO14%
431 O. OOOE-O1#%
432 0. OOOE-O1#
433 7. 276E-095
434 6 179E-07
435 0. OOOE-O1»
436 0. O0OE-O1#
437 O. O00E-Ot+»
438 0. O0OE-O1#
439 8. 883E-05
440 0. 000E-O1
441 O OOOE~Ol#»
442 0. O0OE-O1l#
443 0. OOOE-O1#
444 9. 141E-05
443 0. O00E-O1+

1. 200E+01

1. 969€+00

MAXIMUM CORRECTION IS 8. 919E-02 AT NODE 333, MAXIMUM FRACTIONAL CORRECTION IS
APPROXIMATE MAXIMUM PECLET NUMBERS ARE
2. 3472E-03 AT ELEMENT 72 FOR MATERIAL TYPE CANIST
4. O447E-03 AT ELEMENT 87 FOR MATERIAL TYPE PCKNG
2. 0338E-01 AT ELEMENT 153 FOR MATERIAL TYPE HOST

SIMULATION ENVIRONMENT IS 4. 672E-02 GRAMS

d vv1-40-M8-OHY
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LISTING D-6. Output Report File for Test Case Two.

(Sheet 45 of 51)

THE FOLLOWING DECAY CHAIN HAS BEEN SELECTED, SIMULATION TIME = S 000E+01

CONSTITUENT USBAGE DECAY RATE(S)
1) COMP-1 1 7. 900E-03
2) COMP-2 1 7.7 03 1. 991E-10

d Pv1-¥3-M8-0HY
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LISTING D-6.

#unnus FINITE ELEMENT MODEL FOR CONTAMINANT TRANGSPORT ANALYSIS ##s#ss

Output Repo

e

File for Test Case Two.

(Sheet 46 of 51)

SAMPLE PROBLEM, DIFFUSION FROM A HEATED CANNISTER

AUTPLT FOR NODES

VUrRLOOONNUNA==UWNNIWI=222"000000000000000

CONCENTRATION

OQOE-O1#
000E-O1#
000E-O1#
O0OE-O1#
000E-O1»
000E-O1#
O00E-O1 %
O00E-O1#
O000E~0O1 %
000E-01#
O00E-O1+
000E-01#
000E-O1#
000E-0O1#
O00E-O1#
118E-~-03
568E-03
720E-03
762E-03
1649E-03
714E-04
924E-03

. 401E-03
. 103E-04
. 791E-03

443E-03
926E-04
333E-03
981E-03
328E-09
211E-09
143E-04
312E-06
OB4E-03
000E-01
000E-01
O00E-01
737E-06
481E-02
133€-02

. 299E-02

... RESULTS AFTER 100. 0

CONCENTRATIONS FOR CONSTITUENT NUMBER 1

1 70

164 ...

comMP-1,

YEARS - DYNAMIC SIMULATION. .

MO/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE . ..

CONCENTRATION NODE CONCENTRATION
NUMBER

3. 436E-02 83 0. O00E-01
1. 377E-02 84 4. 307E-09
1. 284E-02 839 1. 042€+00
4. 399E-02 86 2. 1«

4. 736E-02 87 1.0% revww
8. 74BE-03 88 1. 084E+00
2. B40E-02 89 2. 179E+00
3. 623E-02 90 2. 1646E+00
4. 012 ) 91 8. 903E-01
1. 122E-we 92 1. 412E+00
1. 997E-02 93 1. 937E+00
1. 364E-04 94 2. 212E+00
4. A96E-09 99 2. 243E+00
4. 472E-03 96 1. 147E+00
4. OB4E-039 97 4. 712E-01
1. 433E-04 98 8. 128E-01
0. 000E-01 99 1. 222E+00
0. 000E-01 100 1. 612E-01
0. 000E-01 101 2. 329E-01
3. 197E-03 102 4. 889E-01
1. S64E-01 103 5. 877E-03
4. 9176-01 104 8. 096E-03
3. 123E-01 109 9. 977e-02
3. 279E-03 106 9. 983E-09
1. 677E-01 107 3. 3446E-04
1. 308E-01 108 6. 606E-04
3. 992E-01 109 9. 603E-03
4. 314E-01 110 4. 034E-03
8. 331E-02 111 1. 371E~-03
2. 324E-01 112 6. 428E+00
3. 187€-01 113 3. 964E+00
3. 961E-02 114 3. 863E+00
8. 37JE-02 113 6. 273E+00
1. D30E-01 116 6. 320E+00
2. 031E-03 117 3. 903E+00
2. 033E-03 118 &. 371E+00
2. 324E-02 119 & 237E+00
0. 000E-01 120 2. 713E+00
2. 6BBE-04 121 A 022E+00
1. 149E-04 122 3. 34BE+00
8. 08BE-03 123 1. 2396E+00

NODE

CONCENTRATION
NUMBER
124 1. 692E+00
1239 2. 738E+00
126 3. 984E-01
127 4 '2E-01
128 9. J<4E-01
129 1. 161E-02
130 1. 960E-02
131 8. 984E-02
132 9. 999E-04
133 6. 3746E-04
134 1. 0646E-03
139 &6 154E-09
134 1. 403E-04
137 0. 000E~01
138 1. 303E+01
139 9. 383E+00
140 9. 383E+00
141 1. 299E+01
142 1. 302E+01
143 9. 343E+00
144 1. 2935E+01
145 1. 297E+01
146 3. 403E+00
147 6. 429E+00
148 9. 935E+00
149 2. 064E+00
150 2. 3946E+00
191 4.  043E+00
192 9. 341E-01
133 9. 937E-01
134 1. 239E+00
133 1. 701E-02
136 2 023E-02
137 1.119€E-01
138-1. 031E-03
199 9. 336E-04
160 1. 162E-03
161 4 &661E-03
162 1. 498E-04
163 0. 000E-01
164 1 303E+01

d vyT1-¥J-M8-OHY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 47 of ! )

QUTPUT FOR NODES 1635 7O 2328 ..

NODE
NUMBER
169
166
167
168
169
170
171
172
173
174
173
176
177
178
179
180
181
182
183
184
183
186
187
188
189
190
191
192
193
194
199
196
197
198
199
200
201
202
203
204
209

o0 e b e o e bt g e Qe B e e D IR0 R R e e O e e e e

#xsan FINITE ELLEMENT MODEL FOR CONTAMINANT

SAMPLE PROBLEM.

CONCENTRATION

. 303E+01
. 300E+01
. 301E+01
. 303E+01
. 299E+01
. 296E+01
. 298E+01
. 290E+01
. 292E+01
. 342E+00
. I9IE+00
. I&FE+00
. 291E+01
. 294E+01
. 290E+01

VI PN

. 076E+00
. 206E+00 .
. 787E-01
. 307E+00
. 334£-01
. 193€-02
. 299E~02
. 272E-01

010E-04

. 00BE~-03
. I98E-03
. 178€-04
. 918E-04
. 000E-01
- 311E+01
. 307€+01
. 303E+01
. JO6E+01
. 309E+01
. J00E+01
. JOGE+01
. J0E+01
. 297€+01
. 298E+01

... RESULTS AFTER 100. 0

DIFFUSION F

CONCENTRATIONS FOR CONSTITUENT NUMPER 1

NODE

NUMBER
206
207
208
209
210
211
212
213
214
ﬂ.’
[
217
218
219
220
221
222
223
224
229
226
227
220
229
230
231
232
233
ﬂq‘
s
236
237
238
239
240
24)
242
243
244
243
246

A HEATED CANNISTER

comMP-1,

NSPORT ANALYSIS s#sss

YEARS - DYNAMIC SIMULATION. .

Me/LIT

THE SYMBOL #* DENOTES A SPECIFIED VALVE ..

CONCENTRATION NODE CONCENTRATION
NUMBER

1. 294€+01 247 &. 4BIE+00
1. 264E+01 248 9. 981E+00
1. 288E+01 249 1. 275E+01
&. 494E+00 230 1. 280E+01
&. 662E+00 291 1. 273%€E+01
9. 606E+00 292 1. 276E+01
1. 284E+01 233 1. 281E+01
1. 289E+01 254 4. 328E+00
1. 283E+01 239 1. 278E+01
2. 473E+00 236 1. 280E+01
2. $92E+00 297 1. 2B6E+01
4. 287E+00 298 1. 481E+01
1. 292€+01 2399 1. 619E+01
1. 293E+01 260 1. 709E+01
1. 2RARF+01 261 1. 4077 -~"
1.3 +00 i 2. 644

1. 3o0e+00 263 2. I98E+00
2. 367E~NN 264 4 A4B0E+00
2. 969 263 6. 784E+00
6. B6IE-—vas 266 &. 7IBE+00
6. 774E-01 267 6. 439€-01
1. 334E+00 268 9. 931E-01
2. 209E-02 269 1. 196E+00
2. 298E-02 270 2. 143E+00
1. 290€-01 271 2. 447E+00
1. 312E-03 272 2. 079E-02
1. 1431E-02 273 2. 027E~-02
1. 210E~03 274 1. 177E~01
7. 182€-05 279 1. 233e-03
1. 732E-04 276 8. 622E~-04
1. 129E-09 277 1. 294E-03
1. 900E+01 278 6. 294E-09
1. 687E+01 279 1. 693E~-04
1. 541E+01 280 2. 016E-~06
1. 729E+01 281 1. 913€E+01
1. 896E+01 282 1. 990E+01
1. 330€E+01 283 1. 884E+01
1. B80YE+01 /4 1. 679E+01
1. 623€+01 283 1. 710E+01
1. 6346E+01 286 1. 779E+01
6. 649E+00 287 9. B93E+00

NODE

CONCENTRATION
NUMBER

2688 1. 26BE+01
289 1. 271E+01
290 1. 248E£+01
291 1. 270€E+01
292 1. 272E+01
293 1. 273E+01
294 1. 279E+01
2995 1. 279E+01
296 1. 270E+0)
297 1. 271E+01
298 1. 470E+01}
299 1. 272E+01
300 1. 272E+01
301 1. 986E+01
302 3. 433E+00

' ‘ . oanar A,oo
aus & -00
303 6. IJ1E+0O
306 7. 374E+00
307 1. 004E+0O}
308 5. 091E-01
309 3. 980E-01
310 7. 577E-01
311 1. 249E+00
312 1. 730E+00
313 1. 9946E-02
314 3. J326€-02
315 8. 793e-02
316 1. BA3E+00
317 2. A04E+00
318 3. 612E+00
319 9. 149E-04
320 9. 333E-04
321 1. 034E-03
322 2. I%8E-03
323 8. 079E-09
324 1. 726E-09
3323 1. 269E+01
326 1. 266E+01
327 7. 310E+00
328 7. 350E+00

-47-Ma-0HY

t



-

1,-0

LISTING D-6.

OUTPUT FOR NODES 329 TD 445 ...

NODE
NUMBER
329
330
331
355
<]
334
333
33
337
338
339
340
341
342
343
344
343
346
347
348
349
3%0
331
332
393
334
39
336
as?
3%e

VBWAV=NCIUIDIUCRNIWWUBLON s mmmm==

sasas FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYGIS sssas

SAMPLE PROBLEM,

CONCENTRATION

. 9644E+00
. 266E+01
. 267E+01

269E+01
268E+01

. 267E+01

267E+01
269E+01

. B61E+00

183E+00
O042E+00
180E+00
203E+00
093E+00
a831E-01
724E-01
073€-01
&40E-01
197€-01
&93E-03
044E-03
&66E-02
303E-01
730E-01
444E+00
A62E-04
162E-04

. &70E-04
. 799€-01
. 330E-01

Output Report File for Test Case Two.

... RESULTS AFTER 100.0

DIFFUSION FROM A HEATED CANNISTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 1

CONSTITUENT COMP-1 DIAGONOSTICS

MAXIMUM VALUE 18
MAXIMUM CHANQE IS
MAXIMUM CORRECTION 18

campP-1,

‘

YEARS - DYNAMIC SIMULATION. .

MO/LIT

THE 8YM & DENOTES A SPECIFIED VALUVUE ..

NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER

399 1. B23%E+00 389 2. A98E-04
360 8. 027E-03 390 2. 313E-03

0. o1 391 1. @0}
sox &. uoac-09 k] 1. o1
363 1. 263E+01 3rw I rwr=-01
344 1. 2695E+01 394 1. 429E-04
363 7. 42%€E+00 3939 0. 000E-O1
366 7. S21E+00 396 4. 961E-03
367 1. 013E+01 397 1. 506E-01
368 1. 266E+01 398 4. 014E-01
349 3. 260E+00 399 1. 4464E-O1
370 3. 302E+00 400 1. 456E-02
371 9. 179E+00 401 9. 294E-03
372 1. 773E+00 . 402 7. 993%E-03
373 1. 029E+00 403 1. 094E-02
374 1. B4IE+00 404 3. 030E-02
373 9. 943601 403 7. 997e~-04
376 1. 932€+00 406 2. 494E-~04
377 B. 637E-02 407 2. 197E-03
378 3. 426E-02 408 1. 330E-02
379 9. 77%-02 409 1. 520E-02
380 6. 102E-02 410 4. 364E-02
381 2. 029E-01 411 6. 190E-09
382 4. 496E-03 412 6. 318E-09
383 7. 702E-04 413 0. O00E-01
384 1. 268BE-02 414 1. 69%€E-02
383 1. 026E-01 419 1. 732E-02
386 1. 217E-01 416 9. 017e-02
387 3. 193£-01) 417 1. y78E-09%
388 0. 000E-01 418 0. O00E-01

1. 990E+01

1. 4B7E+Q0 AT NODE 310, MAXIMUM FRACTIONAL CHANGE 1S
2. 948E-02 AT NODE 383, MAXIMUM FRACTIONAL CORRECTION IS

APPROXIMATE MAXIMUM PECLET NUMBERS ARE

72 FOR MATERIAL TYPE CANIST
87 FOR MATERIAL TYPE PCKNQ
13 FOR MATERIAL TYPE HOST

2. JA72E-03 AT ELEMENT
4. O447E-03 AT ELEMENT
2. 0338E~-01 AT ELEMENT

THE AMOUNT OF THE CONSTITUENT COMP-1 PRESENT IN THE

(Sheet 48 of 51)

NODE CONCENTRATION
NUMBER
419 9. IS3E-06
420 1. 813E-02
421 9. 3146E-02
1.
YR l . DIEE WS
424 0. O00E-O1#
423 0. O00E-0O1#
426 0. O00E-O1+
427 3. 413E-03
420 1. S04E-04
429 0. O00E-O1#«
430 0. 000E-O1®
431 0. C00E-O1#
432 0. 000E-O1#
433 4. 647E-03
434 2. 315E-09
433 0. OOOE-O1#
436 0. O00E-O1#
437 0. O00E~O1#
438 0. O00E-O1#
439 5. 293eE-03
440 0. O00E-01
441 0. OOOE-O1#
442 0. 000E-01#
443 0. O00E-O1#
444 5. 490E-03
443 0. 000E-O1#
3. 269E+01
1. 633E+01

SIMULATION ENVIRDNMENT 1S 2 9735E-01 ORAMS.

d vv1-¥J-M8-0HY




LISTING D-6.

QUTPUT FOR NODES 1 7O 164 .

NODE

NUMBER -

UUEWOOUNID O N UAURUA = UUUE=000000000000000

##aa% FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS ##sas

SAMPLE PROBLEM,

... RESULTS AFTER 100.0

ot

Output Report File for Test Case Two.

DIFFUSION FROM A HEATED CANNIS

..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2

CONCENTRATION NODE
NUMB

. O00E-O1+#
. OOOE~-O1+#
. O0OOE-01+#
. O0OOE~-O1#

OOOE-01#
OOOE-01#
O00E-01#
OOOE-01#
OOOE-01+#
OOOE-O1#
000E-O1+#
QOOE-O14
OOOE-O1#
1
316E-~03
966E-03
736E-03
798E~03
976E-03
350E-03
925€-03
330E-03

. 016E-03

639E-03
36BE-03
790E-04
878E-03
716E~-03
507€-09

. 301E-04

212E-04
S530E-06
394E-00
243E-06
00Q€E-01
000E-01
799%E-06
679E~02
114€-02
2I3E-02

ER
42
43
44
49
46
47
48
49
S0
91
952
93
o4
33
%6
97
S8
99
&0
61
62
63
64
69
.1}
67
68
69
70
71
72
73
74
79
76
77
78
79
ao
81
e

(Sheet 49 of 51)

comMpP-2,

YEARS -~ DYNAMIC SIMULATION. .

MO/LIT

THE SYMBOL # DENOTES A SPECIFIED VALUE ..

CONCENTRATION NODE CONCENTRATION
NUMBER
3. 384€E-02 83 0. O0OE-01
1. 771€E-02 84 2. 912E-09
1. 479€-02 83 7. 266E-01
4. 443E-02 86 1. 333E+00
4. 803E-02 87 7. 989E-01
1. 099€-02 8e 7. 532E-0t
3. 077E-02 89 1. 33BE+00°
3. 798E-02 90 1. 330E+00
3. 397E-03 91 6. 143E-01
1. I71E-02 92 1. O91E+00
2. 286E-02 93 1. 221E+00
3. S34E-04 94 1. IOIE+00
4. I77E-04 93 1. J4BE+00
9. @=~"- "~ 96 7. 870E-01
4. 2 97 3 T*7=-01
1. RI9E-04 8 9 -01
2.827=-09 99 6. I69E-01
1.2 06 100 1. A78E-01
0. O00E-01 101 2 2t7E-~01
2. JABE-09 102 3 E-01
1. 414E-01 103 6. 489E-03
3. 813E-~01 104 8. 793E~02
3. 961E-01 109 9. B99E-02
4. 049E-01 106 1.74 04
1. 901E-01 107 3. 643E-04
1. 209e-01 -108 8, 268E-04
3. 177E-01 109 7. B42E-09
3. 994E-01 . 110 4. 635E-09
8. 193-02 111 1. 093E-09
2. 020E-01 112 3. 130E+00
2. 6844E-01 113 2. 197E+00
3. 818E-02 114 2. 117E+00
8. I47E-02 113 3. 073E+00
1. 396€E-01 116 3. 094E+00
2. J08E-03 117 2. 137E+00
3. 180E-03 118 3. 119E+00
2. 621E-02 119 3. 073E+00
1. 091€~09 120 1. 609E+00
2. J03E-04 121 2. 20BE+00
2. 962E-04 122 2. 740€E+0Q0
6. BOLE-03 123 6. 644E-01

CONCENTRATION
NUMBPER
124 1. 114E+00
123 1. 646E+00
126 3. O13E-01
127 3. 740€-01
128 &. BRIE-O14
129 1. 192€-02
130 1. 461E-02
131 9. 171E-02
132 9. 193E-04
133 9. 697E-04
134 1.292E-03
139 9. 260E-03
194 1. 047F-na
'8 77
108 9 yeeyu
139 4. 213E+00
140 4. 130E+00
141 9 294E+00
142 3. 236E+00
143 4. 219E+00
144 9. 2391E+00
149 3. 294E+00
146 2. 777E+00
147 3. 186E+00
148 4. 233E+00
149 1. 321E+00
130 1. 474E+00
191 2. 291E+00
192 4 292€-01
153 4. 714E-01
154 6. 7352€-01
155 1. 376E-02
196 1. 798E-02
197 1. 124E-01
198 7. 999E-04
199 7. 4A73%E-04
160 1. 448E-03
161 4 D2VE-0Y
162 1 *“4E-04
163 1§ SE-03
164 3. 239E+00

d bt YI-MB-OHY



LISTING D-6. Output Report File for Test Case Two. (Sheet 50 of 51)

senns FINITE ELEMENT MODEL FOR CONTAMINANT TRANSPORT ANALYSIS sssss

S8AMPLE PROBLEM, DIFFUSION FROM A HEATED CANNISTER

... RESULTS AFTER 100.0 YEARS - DYNAMIC SIMULATION. ..
..... CONCENTRATIONS FOR CONSTITUENT NUMBER 2 comMP-2, NMe/LIT ... ..

OUTPUT FOR NODES 169 TO 328 ... THE 8YMBOL # DENOTES A SPECIFIED VALUE . ..

NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION

NUMBER NUMBER NUMBER NUMBER
163 3. 299€+00 206 9. 244E+00 247 3. 350E+00 280 3. 220E+00
1646 3. 206E+00 207 9. 2376+00 248 4. 316E+00 289 9. 223E+00
167 9. A37E+00 208 3. 241E+00 249 3. 226E+00 290 3. 220E+00
168 9. 298E+00 209 3. 243E+00 230 3. 232E+00 291 3. Q20E+00
169 9. 292E+00 210 3.3 oo 231 5. 228E+00 292 9. 224E+00
170 3. 232E+00 211 4. 3ux~00 232 3. 226E+00 293 3. 221E+00
171 3. 204E+00 212 5. 237E+00 233 3. 232E+00 294 3. 221E+00
172 3. 24%E+00 213 3. 242€+00 294 2. 426E+00 293 3. 224E+00
173 3. 248E+00 214 3. 237E+00 233 9. 228E+00 296 3. 218E+00
174 3. 164E+00 219 1. 948E+00 236 3. 226E+00 . 297 3. 217E+00
= 173 3. 192E+00 216 1. 394€+00 297 9. 233E+00 298 3. 243E+00
1 176 4. 200E+00 217 2. 389E+00 298 3. 249€+00 299 3. 213E+00
~ 177 9. 244E+00 218 3. 2368E+00 299 3. 270E+00 300 3. 213E+00
w 178 3. 249€+00 219 3. 243E+00 260 3. 292E+00 301 3. 298E+00
179 3. 243E+00 220 3. 238E+00 261 9. 939€-01 302 2. 062E+00
180 1. 481E+00 221 9. 716E~01 262 1. 460E+00 303 2. 709e+00
181 1. S04E+00 222 9. 984E-01 263 1. 633E+00 304 3. 166E+00
182 2. 279€+00 223 1. 613E+00 264 2. 504E+00 303 3. 272E+00
163 8. 383E-01 224 1. 609E+00 263 J. 464E+00 306 3. 437E+00
184 3. 334E-01 2293 3. 436E-01 266 3. 38BE+00 307 4. 492E+00
183 9. 221€-01 226 3. I90E-01 267 5. 191E-01 308 4. 264E-01
186 3. 012E-01 227 9. 321E-01 2468 4. B42E-01 309 3. 499E-01
187 1. 932E-02 228 1. 987E-02 269 8. 767e-01 310 6. 099€E~-01
188 2. 034E-02 229 2. 093E-02 270 1. 419€+00 311 9. 249E-01
189 1. 249E-01 230 1. 294E-01 271 1. 971E+00 312 1. 198E+00
190 7. 310E-04 231 1. 012€-03 272 1. 929€-02 313 1. 614E-02
191 8. 010E-04 232 9. 077E-04 273 1. 911E-02 314 1. 433E-02
192 1. 673E-03 233 1. 337E-03 274 1. 203E-0} 319 9. 391E-02
193 1. 439E-04 234 3. 067E-09 273 9. 843E-04 316 1. 272E+00
194 1. 327E-04 239 1. 1446E-04 276 7. 718E-04 317 1. 981E+00
199 1. 435E-09 236 2. 997E-09 277 1. 933%€-03 310 2. 162E+00
196 3. 240E+00 237 9. 321E+00 276 9. 093E-09 319 8. 279€E-04
. 197 3. 239€+00 238 3. 293E+00 279 1. 203€-04 320 5. 734E-04
| 198 3. 257E+00 239 5. 277E+00 280 1. 992E-09 321 1. 274E-03
199 9. 297E+00 240 3. 293E+00 : 281 9. 332E+00 322 2. 930E-03
200 9. 299E+00 241 9. 313E+00 282 9. 334E+00 323 6. 044E-03
201 9. 292€+00 242 9. 271E+00 283 9. J26E+00 324 2. 021E-09
202 5. 233E+00 243 3. 307E+00 2684 5. 285E+00 329 9. 213E+00
203 9. 23%E+00 244 9. 306E+00 283 5. 292E+00 326 9. 217E+00
204 3. 2446E+00 243 3. 277E+00 286 9. 31B8E+00 327 3. 639E+00
209 3. 230E+00 246 3. 327€+00 287 4. 430E+00 328 3. 434E+00

d vP1-43-M8-0HY
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LISTING D-6. Output Report File for Test Case Two. (Sheet 51 of ! )

OUTPUT FOR NODES J329 TO 443 ..

NODE
NUMBER
329
a3o
331
332
333
334
233
336
337
338
239
240
341
342
343
344
348
88
347
348
349
aso
ast
%2
333
394
398
3%
as7
298

##sas FINITE ELEMENT MODEL FOR CONTAMINANTY TRANSPORT ANALYSIS sasss

BAMPLE PROBLEM,

CONCENTRATION

483E+00
216E+00
21B8E+00
219E+00
216E+00
219E+00
214E+00
219E+00
B18E+00
977€+00
792E+00
974E+00
991E+00
801E+00
&11E~-01
719€-01
827E-01
03%6E-01
498E~01
108E-02
262€-03
327E-02
268E-01
206E-01
O0S1E+00
40E-04
298E-04
&692E-04
. 00JE~01
. ABIE~-01

Ne lrecaasaaua s

NNOAARCUBNRO N

... RESULTS AFTER 100. 0

DIFFUSION FROM A HEATED CANNISTER

CONCENTRATIONS FOR CONSTITUENT NUMBER 2

CONSTITUENT COMP-2 DIAQNOSTICS

MAXIMUM VALUE 18
MAXIMUM CHANGQE IS
MAXIMUN CORRECTION 18

comP-2,

YEARS - DYNAMIC SIMULATION. .

Me/sLIT L.

THE SYMBOL # DENOTES A SPECIFIED VALUE . ..

NODE CONCENTRATION NODE CONCENTRATION NODE CONCENTRATION
NUMBER NUMBER NUMBER

339 1. 276E+00 389 2. 273E-04 419 9. 249E-06
360 7. 210E-03 390 1. 897E-04 420 2. 332€E-02
361 3. 108E-06 391 1. 377E-01 421 6 "'"7E-02
362 4. 227E-09 392 1. 436E-01 422 2 ‘E-02
363 9. 214E+00 393 3. 411E-01 423 2. 89%E-03
364 9. 214E+00 394 1. 196E-04 424 0. Q00E-Ote
369 3. 683E+00 393 0. O0OE-01 423 0. O0COE-~O1#
366 3. 719€E+00 396 3. 314E-09 426 0. 00Q0E-O1+
367 4. S40E+00 397 1. S33€-01 427 9. 102E-02
368 9. 214E+400 398 J. 612E-01 420 2. BA1E-04
369 2. 018E+00 399 1. 498E-01 429 0. 00QE-Otw
370 2. 037E+00 400 1. 933E-02 430 0. OOOE-O1#
371 2. 833E+00 401 7. B19E-03 4731 0.000c-"te
oy TTTT00 £ 1077702 12 0. 000 -
: 7 ‘01 4 1. - 02 «43 6. 732E-03
374 3. 29BE+00 404 3. 740E-02 434 2 “TNE-0D
373 7. 769E-01 403 1. 462E-03 433 0 IE~O1 %
376 1. IIBE+00 406 9. 459E-04 436 0. QOOCE-O1+#
377 9. 333E-02 ’ 407 3. 433€E-03 437 0. 0O0CE-O1»
378 4. 230€E-02 408 1. 770E-02 438 0. OOOE-O1#
J79 6. 996E-02 409 1. 996E-02 439 7. A9%9E-03
380 8. 930E-02 410 9. 160E-02 440 O. OCOE-0O1
381 1. 989€E-01 411 7. 424E-095 441 0. OO0E-O1#%
382 9. 716E-03 412 6. B2IE-09 442 0. Q00CE-O1#
383 1. 972E-03 413 4 020E-0% 443 0. O00E-O1#
384 1. 447E-02 414 2. 142E-02 444 7. BO9E-0I
389 1. 09%E-01 419 2. 234E-02 '3 0. 000E-01%
386 1. 273€-01 416 9. 839E-02
387 2. 92BE-01 417 1. 716E-09
388 6. 126E-00 418 0. 000E-0O1

9. 3J4E+00

1. 936E+00 AT NODE 320. MAXIMUM FRACTIONAL CHANQE I8 1. 173€+01

1. 900E-01 AT NODE 33&, MAXIMUM FRACTIONAL CORRECTION I8 1i.207E+00

APPROXIMATE MAXIMUM PECLET NUMBERS ARE

2. 9472E-03 AT ELEMENT
4. 0447E-03 AT ELEMENT
2. 0J3BE-01 AT ELEMENT

THE AMOUNT OF THE CONSTITUENTY COMP-2 PRESENT IN THE

72 FOR MATERIAL TYPE CANIST

87 FOR MATERIAL TYPE PCKNG
195 FOR MATERIAL TYPE HOBT

SIMULATION ENVIRONMENT IS

1. 499E-01 GRAMSB.

d v dI-Ma-OHY
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APPE IIX E
JOB CONTROL

The job control streams used to run the two example problems of
Appendix D are duplicated there for completeness (see Listings D-2 and D-5).
However, neither of the example problems uses all possible files. Therefore,
a fully illustrative generic b control stream for a CHAINT simulation as
run in a PRIME operating envi nment is shown below.

DELETE DAYFILE

DELETE REPORT.OUT
DELETE PLOT.ISS

DELETE MASFLX.IS7

COMO DAYFILE

DATE

OPEN INPUT. DAT 1 1
OPEN REPORT. OUT 2 2
OPEN INITIAL. IS13 1
OPEN VELOCITY. IS2 4 1
OPEN RESTART. IS3 5 1
OPEN RESTART. IS4 2
OPEN PLOT. IS5 7 2
OPEN GEOMETRY. IS6 10
OPEN MASFLX. IS7 11 2
OPEN WORKSPACE 14 3
SEG XQT>#CHAT ~

CLOSE WORKS CE
DELETE WORKSPACE

COMO -END

LOGOUT

The single most important aspect here is the correspondence of logical

unit numbers and :cess rights to the various files. This correspc lence is
summarized in table E-1.

E-1
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APl _.iDIX F
DIAGNOSTIC MESSAGES -

The CHAINT computer code has evolved to the current version (2.1) over a
number of years and has been tested with a variety of problems. t is
therefore expected to provide trouble-free operation. However, for a
computer program of such cor exity, it is possible that difficulties may be
encountered in its application. Moreover, any such problems are likely to
arise from a lack of familiarity with the various features and input formats.
Hence, CHAINT has the addi{ 1al capability of diagnosing some possible input
errors and a few run-time errors and generating appropriate warning/error
messages.

The possible diagnost : messages as prini | by CHAINT are reproduced in
table F-1 along with possibl causes and/or corrective user actio
Furthermore, since the i wt to CHAINT is in fixed format, the foremost
remedial action is simply an exhaustive search of the inputs for incorrect
data formatting. _If unresol ble difficulties are encountered in the
application of CHAINT to a well-posed problem, please contact the authors.

F-1
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APPENDIX G
SOFTWARE ABSTRACT
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