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Abstract

 This report is a step-by-step guide for the Accelerated Leach Test (ALT)
Computer Program developed to accompany a new leach test for solidified waste
forms. The program is designed to be used as a tool for performing the calculations
necessary to analyze leach test data, a modeling program to determine if diffusion is
the operating leaching mechanism (and, if not, to indicate other possible mecha-
nisms), and a means to make extrapolations using the diffusion models. The ALT

program contains four mathematical models that can be used to represent the data.

The leaching mechanisms described by these models are:

1)
2)
3)
4)

diffusion through a semi-infinite medium (for low fractional releases),
diffusion through a finite cylinder (for high fractional releases),
diffusion plus partitioning of the source term,

solubility limited leaching.

Results are presented as a graph containing the experimental data and the
best-fit model curve. Results can also be output as LOTUS 1-2-3 files.
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INTRODUCTION

Determining mechanisms and rates of leaching from radioactive and hazardous
waste is one means of assessing the long-term acceptability of waste forms. The
long-term integrity bf the waste form in its disposal environment is an attribute that is
linked to leaching and is important for reliably predicting disposal site behavior. In this
way leaching studies are a key element in understanding the processes that lead to |
disposal site failure. This knowledge, in turn, can ba used to develop ways of prevent-
ing releases. Moreover, leaching is a component of degradation processes of many
structural materials considered for engineered disposal units. Studies of mechanisms
that transport water through these barriers are closely related to studies of leaching
mechanisms.

Making preci:tions of releases from solidified waste forms, that extend to the
time periods needed, requires an understanding of the processes of leaching,
including the ability to describe those processes with mathematical models. The use
of mechanistically based models, as opposed to semi-empirical or curve-fitting
routines, is a critical pathway to producing reliable extrapolations of releases to long
times. Coupled to the use of mechanistic models is the need to have leaching data
that was generated with procedures that adhere (to a practical extent) to the boundary
conditions imposed by the models. Particularly important in this context is maintaining
relatively low concentrations of dissolved species in the leaching solution throughout
the experiment. The maximum leach rate, an intrinsic property of the material tested,
can be determined only with optimum test conditions. The Accelerated Leach Test
(ALT) method and its associated "ALT" computer program (which is described in this
report) are attempts to link a physical test method with a set of mechanistic models
that can be used to interpret the test results. In many cases, this information can then
be used to make, within certain constraints, long-term predictions.
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APPROACH

A leach test is used to determine the quantity of a species of interest that is
transported from a solid phase to a liquid phase (the leachant) during a defined period
of time. The Acéelerated Leach Test is a semi-dynamic test; that is, the leachant is
sampled and replaced periodically. Elevated temperature, large leachant volume, and
small, solid sample size are used to obtain releases that are accelerated relative to
other standard leach tests and to the leaching of fuil-scale waste forms. The test
method is applicable to any material that does not degrade, deform, or change its
leaching mechanism at the temperatures used in the test. Detailed instructions for
carrying out the Accelerated Leach Test are given in BNL-52268 [1].

An Overview of the ALT Program

The ALT computer program was developed to accompany the accelerated
leach test method. It is designed to be used as:

1) a tool for performing the calculations necessary to analyze leach test
data and

2) a modeling program to identify ieaching mechanisms and to make
extrapolations using the models contained in the program.



Data is manually input into the program along with the parameters needed to
perform the calculations. Many of these parameters (e.g. sample size, time intervals)
have default values, waich are those specified by the accelerated leach test method.
However, numbers other than the default values can be input if required. The
program produces results as tables of data and as graphs. Resuits can be saved as
LOTUS 1-2-3 files which, in turn, can be imported into commercial graphics programs
to produce publication-quality output.

Results of the calculations are presented in several ways. The most basic value
determined from a leach test is the Incremental Fraction Leached (IFL) from which the
Cumulative Fraction Leached (CFL) is calculated. The CFL is typically plotted as a
function of time and ALT does this, when requested, at the end of the calculation
sequence. The éffective diffusion coefficient (D,), the partitioning factor (P) or the
average concentration can be calculated from the CFL results depending on the model
that best represents the data. The activation energy (E,) can be determined by ALT
when experiments have been run at several different'temperatures. The goodness-of-
fit of a model to the data is determined by a sum of the resicduals method expressed
as a percentage of CFL. This quantity is called Eg and its value is used to determine if
the model describes the data adequately. |

The ALT program contains four mathematical models that can be used to
represent the data. The leaching mechanisms described by these models are:

1) diffusion through a semi-infinite medium (for low CFL),

2) diffusion through a finite cylinder (for high CFL),

3) diffusion plus partitioning of the source term, and

4) solubility limited leaching.
These mechanisms were cbserved in studies with various materials during develop-
ment of the test method [2]. Theoretical background for each mechanism is given in
Appendix A.



Results of the leach test can be extrapolated to long times if the data can be
effectively modeled by the diffusion mechanism. The computer program plots both the
experimental data and a curve, calculated from the selected model, that best fits the
data. For models containing the diffusion mechanism, this is done through an
iterative method that optimizes the fit to the entire data curve. If the goodness-of-fit
between the data curve and the model gives an E value that is less than 0.5%, then
the model is taken to represent the leaching mechanism of that material. In this case,
the model can be used to project releases to long times. In tha case of diffusion,
projections can also be made for full size cylinders. If the value of Eg is greater than
0.5%, then the model cannot be used to make projections.

The dissolution' model is based on the concept that the concentration of the
species of interest in the leachate (and therefore, the incremental fraction leached)
should be the same at the end of cach sampling interval. The mean of the IFL, the
~ standard deviation and the coefficient of variation about the mean are calculated. If
the coefficient of variation is less than 10%, then the dissolution model is appropriate.

Results of the ALT program are presentec in several forms. Tables of data and
associated parameters (e.g. diffusion coefficient and Eg) are displayed on the screen
and can be printed. Graphs of CFL plotted as a function of time are generated on-
screen and contain both the experimental data points and tne curve produced by the
model. In addition, graphs are available in which the experimental data is plotted on
the x-axis and values generated by the model are plotted on the y-axis. This type of
plot allows easy comparison of the relationship batween the data and the model
results. If the test has been run at three or more temperatUres, the activation energy
can be determined by the program. Projections of future releases and for full-scale
waste forms can be made if the leaching mechanism is found to be diffusion.
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RUNNING ALT

_!;gglpmgnt Needed to Run ALT

The ALT computer program is a compiled version of a program written in Turbo
Basic. It will run on IBM or IBM compatible personal computers anc requires DOS 2.0
or bétter. The program uses ASCII code and therefore is compatible with any printer.
A math co-processor is desirable to reduce the computation time. A graphics board is
required to generate plots and can be a CGA, VGA, EGA or a Hercules color or
monocolor board. Without a compatible graphics board the program will do all
calculations and list the results but will not be able to produce any plots.

Hard copies of graphs and tables can be obtained by several methiods. The
user can store data in a .wks type file, which is used by LOTUS 1-2-3. The user can
also generate graphs with LOTUS 1-2-3, or with other commercial graphics programs
that use the same file type. For low resolution but quick graphics, it is convenient tu
use "screen grabber" programs. These can be obtained elsewhere and must be
compatible to the user’s system.

Installing ALT

The ALT program requires approximately 150 kilobytes of memory, and it is on
a 5.25-inch floppy diskette. To run the program, install the diskette in the proper drive
and type ALT. The MAIN MENU will then appear on the screen; for help, press F1.



A glossary of terms can be found at the back of the leach test method along
“with an appendix that contains details of the models used in the program. The
glossary can also be found by pressing F1.

ing t Pr

The remainder of this report consists of detailed instructions on using the ALT
program. The report is divided into sections, from A through M, which are based on
various functions that the program performs. At the beginning of Sections A, B, C, G
and H flow charts are provided of the functions described in that section. Each |
section is made up of a series of individual screens, that are displayed on the comput-
er during the course of running the program. These screens, which are presented
one per page, are each divided into two parts. The first is a reproduction of the
contents of the computer screen, and the second is an explanation of what thé user
must do, or what the computer is doing, at that point.
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SECTION A

ENTER NEW DATA

MULTIPLE SOURCE TERM DATA
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MAIN MENU
ENTER NEW DATA

r MULTIPLE SOURCE TERM J

l

SERIES TITLE
# OF DATA POINTS
4 OF SPECIES

]
Especnzs ABBREVIATIOE!

[ LEACHATE VOLUM EJ

YE NO
S INPUT

TIMES

SAMPLE DIAMETER
SAMPLE HEIGHT

|

COUNTING
SAMPLE SIZE

ENTER DATA AS CPM
STANDARD CPM, SAMPLE CPM

YES /\
—— EDIT?

CALCULATES CFL
OPTIMIZES MODEL

CALCULATES
DIFFUSION
COEFFICIENT

I

CALCULATES
GOODMESS ~
OF ~FIT

CENERATES
GRAPHS & TABLES

» For Edit function zee sectiocn G

12



SCREEN 1A

Use the cursor keys to highlight your choice, then press enter to
choose it.

e

=
——

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine D, at Temp.
Extend modeied curve
Exit program

Developed for

DOE National Low-Level Waste Management Program
by
Brookhaven National Laboratory
Low~Level Waste Research Group
Upton, N.Y. 11973

————— — e

Press F1 for help and definitions

EXPLANATION

This is the Main Menu; from it you can select a variety of functions. Most functions
automatically return the user to the Main Menu when they are completed. Press F1
for on-screen help and definitions.

Enter new (raw) data is used to input data in the form of experimental results (e.g.,
counts per minute or concentration). A variety of other inputs are required, such as
height and diameter of the solid sample, volume of leachant, and the number of
intervals used.

13 -



SCREEN 2A

Multiple source term data . . . . . . . » « Enter 1
Single source termdata . . . . . . . . . . Enter 2
To exit and return to mainmenu . . . . . . Enter 3

Enter your choice

EXPLANATION

Multiple Source Term Data - Some data require a new value for the source term for
each interval. Updating the source term is necessary for very short half-life
radionuclides. The source term value that is input here is the number of counts per
minute observed from a standard. Corrections for dilutions are made automatically.
During the data entry process standard counts are separated by a comma from
leachate counts.

If you entered 1, turn to Screen 3A in this section. If you entered 2, turn to Screen 1B
in the next section.
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SCREEN 3A

Enter SERIES TITLE (max 40 characters) +

EXPLANATION

Type in the title that will be used to identify the data set being entered. A maximum of
40 characters is allowed; you cannot type beyond the plus sign.

This title will be used on tabies and graphs that are produced from this data and will
help identify data files that will be stored.
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SCREEN 4A

Enter # of Sampling Increments (max 50)

EXPLANATION

Enter the number of sampling increments in the experiment. The standard test has 13

increments.

The program automatically numbers data as it is input, according to the sampling

increments.
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SCREEN 5A

Enter # of SPECIES (IE Sr, Cs, Co etc) (max 12)

EXPLANATION

This input is the number of elements or radionuclides analyzed in each set of leachate
samples that need to be addressed by the program. A maximum of twelve species

. are allowed in each data file.
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SCREEN 6A

Enter SPECIES ABBREVIATION (max 5 characters)

for species 1

EXPLANATION

Species abbreviations are letters, numbers or combinations of the two that are used to
identify each of the elements or radionuclides to be considered by the program.

Enter the abbreviation for each of the species as the species number changes in the
prompt on the screen. A maximum of 5 characters is allowed.
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SCREEN 7A

Enter '\EACHATE VOLUME (Liters)...

EXPLANATION

Enter the volume of leachate changed at each sampling increment. The standard test
volume is 3.0 liters.
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SCREEN 8A

. Use DEFAULT TIMES (Standard ALT)? ([Y]/N

EXPLANATION

The times (in days) at which the samples are taken, relative to the start of the test, are
input at this point. The default answer [Y] automatically inputs the standard time
intervals used in the accelerated leach test. They are (in days) 0.083, 0.208, 0.708,
1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00.

If you select "N," other time intervals (in days) can be input (SEE SCREEN SA).



SCREEN 9A

Enter time interval for sampling increment 1

?

EXPLANATION

If you select N to answer the default times prompt, then another prompt will appear
asking for the time interval (in days) for sampling increment 1. The sampling
increments number will advance as answers are provided. This process will stop
when the number of increments, input at SCREEN 4A, is reached.

Time intervals are numerical inputs in whole numbers or decimai fractions of days.
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SCREEN 10A

Enter Sample Diameter (CM)...?

EXPLANATION

Enter the diameter (in centimeters) of the solid sample that was leached.
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SCREEN 11A

Enter Sample Height (CM) ces?

EXPLANATION

Enter the height (in centimeters) of the solid sample that was leached.
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SCREEN 12A

Enter Counting Sample Size (ml)...?

EXPLANATION

The volume (in milliliters) of the liquid aliquot that is placed in the detector is entered
here. This volume is used to determine the ratio between the size of the sample
aliquot and the total volume of leachate. This ratio is then used to multiply the count
rate to get counts per minute in the total volume of leachate.

24



SCREEN 13A

Enter Source Term Multiplication Factcr...?

EXPLANATION

The source term multiplicatior: factor is the factor by which an aliquot of the original
source solution that was added to the solid samples was diluted to make the counting
standard. For example: 3 ml of radioactive tracer were added to a specimen when it
was maae, and 1 ml of that solution was diluted 1000-fold to produce the standard
that was counted. The multiplication factor would be 3000.

25



SCREEN 14A

Enter data as counts per minute for at increment 1.

Input standard (cpm), sample (cpm)

EXPLANATION

The numerical values obtained by radionuclide analysis are entered -as counts per
minute (cpm). The first line of the prompt tells what species is being entered and the
sampling incremient. The increment will automatically increzse to the value that was
input on SCREEN 4A. When the number of increments for the first species has been
completed, the species name will automatically switch to the next species.

Input is in the form of cpm and is entered as the counts for the standard and then the
counts for the sample. They are separated by a comma.



SCREEN 15A

The modeling function will be performed next.

This can be a lengthy process. If any data entry errors
were made, you should correct them now to avoid re-running
the optimization.

Do you wish to edit the data? Y/[N]

EXPLANATION

With all of the data entered, the program can now perform the calculation and
modeling function. Because this can take a significant amount of time, it is best to
check the values entered and make any corrections before the calculations begin. If "
you select “N" at the prompt, then the program automatically calculates the
incremental fraction leached, cumulative fraction leached, diffusion coefficient, and
goodness-of-fit values.

If you select “Y* at the prompt, then turn to SCREEN 1G for explanation of the EDIT
function.
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SCREEN 16A

Optimizing Parameters for Species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of summations for the modei.
When the calculations are completed, the program returns to the MAIN MENU.
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SECTION B

ENTER NEW DATA
SINGLE SOURCE TERM DATA



MAIN MENU

ENTER NEW DATA

i

SINGLE SOURCE TERM|

l

SERIES TITLE
# OF DATA POINTS
# OF SPECIES

CPM
' liPECIES ABBREVIATION]____—

|

[LEAC HATE VOLUMEI

NO

INPUT

YES

SOURCE TERM

v

TIMES

~ For Edit

cewm)

CONC
OR
CPM

SOURCE TERM

I

COUNTING
SAMPLE SIZE

I

ENTER DATA
AS CPM

11

(mg)

ENTER DATA
AS mqg/L

SAMPLE HEIGHT
SAMPLE DIAMETER

]

YES

EDIT?

NO

CALCULATES CFL

N

CALCULATES
DIFFUSION
COEFFICIENT

Q OPTIMIZES MOQODEL

\J

l

-~

/

CALCULATES
GOODNESS —
OF —FIT

T

-
¢

CENERATES

CRAPHS & TABLES

S\

function see section G

I

CONC
______*_____4spscms ABBREWANON!

ILEACHATE \/OLUMEI

INPUT
TIMES




SCREEN 1B

Multiple source termdata . . . . . . Enter 1
S8ingle source term data . . . . . . . Enter 2
To exit and return to main menu . . . Enter 3

Enter your choice

EXPLANATION

If you entered "2," see below.
If you entered "1," turn to SCREEN 1A.

Single Source Term Data - Some data require only a sing'e value for the source term
through the entire experiment. The source term can be in the form of counts. per
minute (CPM) or as concentration (for stable elements). For some specimens that
contain radioactivity, liquid standards may not be available. In this case, the activity in
the specimen should be calculated. This value can be input as concentration in the
single source term option.
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SCREEN 2B

Enter SERIES TITLE (max 40 chars)

EXPLANATION

Type in the title that will be used to identify the data set being entered; a maximum of
40 characters is allowed.

This title will be used on tables and graphs that are produced from this data and will
help identify data files that will be stored.
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SCREEN 3B

Enter # of Sampling Increments (max 40)...

EXPLANATION

Enter the number of sampling increments in the experiment; the standard test has 13
increments.

The program automatically numbers data as it is input according to the increment.



SCREEN 4B

Enter # of SPECIES (IE Sr, Cs, Co etc) Studied (max 12)...

EXPLANATION

This input is the number of elements or radionuclides‘analyzed ir each set of leachate
samples that need to be addressed by the program. A maximum of twelve (12)
species are allowed in each data file.




SCREEN 5B

Are measurements in concentration or counts/min?

CONC/ (CPM)

EXPLANATION

The program can calculate data that is in the form of concentration (milligrams/liter) or
in the form of counts per minute (cpm) for radioactive samples. Calculations are
slightly different so the program requires this prompt.

Most screens in SERIES B are the same if either "CONC" or "CPM" are selected.

However, SCREENS 10B, 11B and 12B are used with the "CPM" pathway, and
SCREENS 13B and 14B are used with the "CONC" pathway.
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SCRELIN 6B

Enter species abbreviation (max 5 characters) for species
1

?

EXPLANATION
Species abbreviations are letters, numbers, or combinations of the two that are used
to identify each of the elements or radionuclides to be considered by the program.

Enter the abbreviation for each of the species as the species number changes in the
prompt on the screen. A maximum of 5 characters is allowed.



SCREEN 7B

Enter leachate volume (liters)...

EXPLANATION

This is the volume of leachate changed at each sampling increment. The standard
test volume is 3.0 liters.
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SCREEN 8B

Use DEFAULT TIMES (Standard ALT)? [Y]/N

EXPLANATION

The times (in days) at which the samples are taken, relative to the start of the test are
input at this point. The default answer [Y] automatically inputs the standard time
intervals used in the accelerated leach test. They are (in days) 0.083, 0.208, 0.708,
1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00.

If you select “N," other time intervals (in days) can be input (SEE SCREEN 9B).



SCREEN 9B

Enter time interval for sampling increment 1

?

EXPLANATION

If you select "N" to answer the default times prompt, another prompt appears asking
for the time interval (in days) for sampling increment 1. The sampling increment
number will advance as answers are provided. This process will stop when the
number of intervals, input at SCREEN 4B, is reached.

The time intervals are numerical inputs in whole numbers or decimal fractions of days.



SCREEN 10B

Enter SOURCE TERM (CPM) for species ceee?

EXPLANATION

Use this page only if you selected "CPM" at SCREEN 5B.
If you selected "CONC," go to SCREEN 13B.
The source term is the amount of activity (in counts-per-minute for each radionuclide)

that was originally contained in the solid sample at the start of the leach test. The
source term for each species is entered following the prompt for that species.



SCREEN 11B

Enter counting sample size (ml)....?

EXPLANATION

Use this page only if you selected "CPM" at SCREEN 5B.

The volume (in milliliters) of the liquid aliquot that was analyzed is entered here. This
volume is used to determine the ratio between the size of the sample aliquot and the
total volume of leachate. This ratio is then used to multiply the count rate to get
counts per minute in the total volume of leachate.
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SCREEN 12B

at interval 1.

D

Enter data as counts per minute for

Input counts per minute...

EXPLANATION

Use this page only if you selected "CPM" at SCREEN 5B.

The numerical values obtained by radionuclide analysis are entered as counts per
minute (cpm). The first line of the prompt tells what species is being entered and the
interval. The interval will automatically increase to the value input on SCREEN 4A.
When the number of intervals for the first species has been completed, the species
name will automatically switch to the next species.
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SCREEN 13B

Enter source term (mg) for series

?

EXPLANATION

Use this page only if you selected "CONC" at SCREEN 5B.
The source term is the amount of a species (in r.illigrams for each species) that was

originally contained in the solid sample at the start of the leach test. Enter the source
term for each species after the prompt for that species.
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SCREEN 14B

Enter data as concentration (mg/l) for at sampling

increment #1

Input concentration...

EXPLANATION

Use this page only if you selected "CONC" at SCREEN 5B.

Concentration in the leachate as milligrams/liter (ppm) are entered for each species
for the sampling increment indicated in the prompt. The sampling increment will
increase automatically to the maximum increment, input at SCREEN 3B. The species
indicated in the prompt will also advance automatically.
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SCREEN 15B

Enter Sample Diameter (CM)...?

EXPLANATION

Enter the diameter {in centimeters) of the solid sample that was leached.
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SCREEN 16B

Enter Sample Height (CM)...?

EXPLANATION

Enter the height (in centimeters) of the solid sample that was leached.



SCREEN 17B

" The modeling function will be performed next.

This can be a lengthy process. If any data entry errors
were made, you should correct them now tc avoid re-running
the optimization.

Do you wish to edit the data? Y/[N]

EXPLANATION

With all of the data entered, the prdgram can now perform the calculation and
modeling function. Because this function can take a significant amsunt of time, it is
best to check the values entered and make any corrections before the calculations
begin. If you selected "N" at the prompt, then the program automatically calculates
the incremental fraction leached, cumulative fraction leached, diffusion coefficient, and
goodness-of-fit values.

If you select "Y" at the prompt, then turn to SCREEN 1G for an explanation of the EDIT
function. ‘
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SCREEN 18B

- Optimizing model parameters for Species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of summations for the model.
When the calculations are completed, the program returns to the MAIN MENU.



SECTION C

ENTER DATA AS

- CFL vs TIME
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MAIN MENU
ENTER DATA AS CFL

l

SERIES TITLE
# OF DATA POINTS
# OF SPECIES

|

SPECIES ABBREVIATION

YES NO
INPUT

TIMES

P —

SAMPLE DIAMETER
SAMPLE HEIGHT

ENTER DATA
AS CFL

YES

EDIT? |

CALCULATES CFL
OPTIMIZES MODEL

CALCULATES
DIFFUSION
COEFFICIENT

CALCULATES
GOODNESS —
OF —FIT

!

GENERATES
GRAPHS & TABLES

\_/

alalf
AN,

Y
N

* Fcr Edit function see section G



- SCREEN 1C

Use the cursor keys to highlight your choice, then press enter to
choose it.

Enter new (raw) data
Enter data as CFL vs Tims
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison

Exit program

Extend modeled curve

Developed for
DOE National Low-Level Waste Management Program
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press Fl1 for help and definitions

EXPLANATION

Enter Data As CFL vs Time - Select this function if data is already available as
cumulative fraction leached, which allows easier input than with the “new data"
function.
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SCREEN 2C

To enter data e » » »« o o » o o« Enter 1
To exit to mainmenu . . . . . . Enter 2

Enter your choice

EXPLANATION

Select "1" to enter the pathway, allowing input of data in the form of cumulative fraction
leached. Select "2" to return to the MAIN MENU.
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SCREEN 3C

Enter SERIES TITLE (max 40 characters) +

EXPLANATION
Type in the title that will be used to identify the data set being entered. A maximum of
40 characters is allowed; you cannot type beyond the plus sign.

This title will be used on tables and graphs that are produced from this data and will
help identify data files that will be stored.



SCREEN 4C

Enter # of Sampling Increments (max 50)

EXPLANATION

Enter the number of sampling increments in the experiment; the standard test has 13
increments. |

The program automatically numbers data as it is input according to the increments.
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SCREEN 5C

Enter # of SPECIES (IE Sr, Cs, Co etc) (max 12)

EXPLANATION

This input is the number of elements or radionuclides analyses in each set of leachate
samples that need to be addressed by the program. A maximum of twelve species is
allowed in each data file.
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SCREEN 6C

Enter SPECIES ABBREVIATION (max 5 characters)
for species 1 ‘ '

EXPLANATION

Species abbreviations are letters, numbers, or combinations of the two that are used

to identify each of the elements or radionuclides to be considered by the program.

Enter the abbreviation for each of the species as the species number changes in the
prompt on the screen. A maximum of § characters is allowed.



SCREEN 7C

Use DEFAULT TIMES (Standard ALT)? [Y]/N

EXPLANATION

The times (in days) at which the samples are taken, relative to the start of the test, are
input at this point. The default answer [Y] automatically inputs the standard time
intervals used in the accelerated leach test. They are (in days) 0.083, 0.208, 0.708,
1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00.

If you select "N," other time intervals (in days) can be input (SEE SCREEN 9C).
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SCREEN 8C

Use DEFAULT TIMES (Standard ALT)? (Y]/N

Enter time interval for increment 1

?

EXPLANATION

If you select "N" to answer the default times prompt, another prompt appears asking
for the time interval (in days) for increment 1. The increment number will advance as
answers are provided. This process will stop when the number of increments, input at
SCREEN 4, is reached.

The tire intervals are numerical inputs in whole numbers or decimal fractions of days.



SCREEN 9C

Enter Sample Diameter (CM)...?

EXPLANATION

Enter the diameter (in centimeters) of the solid sample that was leached.



SCREEN 10C

Enter Sample Height (CM)...?

EXPLANATION

Enter the height (in centimeters) of the solid sample that was leached.



SCREEN 11C

Enter CFL for ... at sampling increment 1

Input CFL

EXPLANATION

Enter the cumulative fraction leached (CFL) as the decimal value for the species and

“sampling increment shown on the prompt. The increment will automatically increase
to the value input at SCREEN 4C. When the number of sampling increments for the
first species has been completed, the species name will automatically switch to the

next species.
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SCREEN 12C

The modeling function will be performed next.

This can be a 1engthy process. If any data entry errors
were made, you should correct them now to avoid re-running
the optimization.

Do you wish to edit the data? Y/[N]

EXPLANATION
With all of the data entered, the program can now perform calculation and modeling
function. Because this function can take a significant amount of time, it is best to
check the values entered and make any corrections before the calculations begin. If
you answered "N" at the prompt, then the program automatically calculates
incremental fraction leached, cumulative fraction leached, diffusion coefficient, and
goodness-of-fit values.

If you answered "Y" at the prompt, then turn to SCREEN 1G for explanation of the
EDIT function.
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SCREEN 13C

Optimizing model paraméters for species‘#l

EXPLANATION

This prcn’ipt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of surnmations for the model.
When the calculatiuns are completed, the program returns to the MAIN MENU.
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SECTION D

RETRIEVE A DATA SET
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SCREEN 1D

Use the cursor keys to highlight your choice, then press enter to
choose it. :

_—
——

Enter new (raw) data
Enter data as CFR vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine De at Temp.
Extend modeled curve
Exit program

— — —

‘ Develdped for ‘ “
DOE National Low-Level Waste Management Program
: by ‘
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

Retrieve A Data Set is selected in order to take a data set from a floppy disk or a
hard disk and bring it into the "ALT" program for use.
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SCREEN 2D

This section is used to re-input previously
stored data sets. ‘ '

Directory of Disk? ¥/[N]/Exit/Change
(directory)...

EXPLANATION

If you need a directory of the disk, type "v." A listing of the files on the disk will then
appear on the screen.

If you do not need a directory of the disk, press "Enter" and turn to SCREEN 3D.

If you need a change of directory, type "C" and turn to SCREEN 4D.
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SCREEN 3D

Enter file name (max 8 characters)...

EXPLANATION

Enter the name of the file to be retrieved; a maximum of 8 characters is allowad. Do
not specify the file extension; the program automatically searches for the .ALT
extension. When the file is retrieved, the user is returned to the MAIN MENU.

If that file name cannot be found on the disk, an error message appears saying: "File
not Found," and the user is returned to SCREEN 2D. ‘



SCREEN 4D

Enter new drive:\pathway\

EXPLANATION

This prompt allows the user to change the disk drive from which data is retrieved. It
also allows the pathway on that drive to be specified.

To change the directory, type the drive specifier (A,B,C), followed by ":\" followed by

pathway \. A backslash (\) is required at the ena of the pathway. The program will
then return to SCREEN 2D.
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SECTION E

STORE A DATA SET



SCREEN 1E

Use the cursor keys to highlight your choice, then press enter to
choose it.

Enter new (raw) data
Enter data as CFR vs Time
Retrieve a data set
8tore a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine De at Temp.
Extend modeled curve
Exit program

Developed for
DOE National Low-Level Waste Management Program
by
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

Store a data set is seiected to create a file and store it on either a floppy disk or a
hard disk.
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SCREEN 2E

Save as .ALT or .WKS (LOTUS compatible) file [A]/W...

EXPLANATION

The program can save data files in two formats; one which is compatible with the
"ALT" program itself (.ALT), and the other (.WKS) which is compatible with LOTUS 1-2-
3 (and therefore, a variety of graphics packages). At this prompt the user can select
the format in which the data will be saved.

The program cannot use .WKS type files. If it is intended to rerun the data, it should
be saved as an .ALT file. We recommend that files be saved in the .ALT format and
then resaved as .WKS when the need arises to use LOTUS 1-2-3, or to produce
publication quality graphics.
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' SCREEN 3E

Directory of disk? Y/[N]/Exit/Change (directory)...

EXPLANATION

If you need a directory of the disk, type "Y." A listing of the files on the disk will then
appear on the screen.

If you do not need a directory of the disk, press "Enter" and turn to SCREEN 3E.

If you need a change of directory, type "C" and turn to SCREEN 4E.
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SCREEN 4E

Enter file name for storage (max. 8 characters)...

EXPLANATION

Enter the name of the file to be used in storing the data. It cannot be more than 8
characters long and may consist of numbers and/or letters. When the file is entered
and stored, the program returns to the MAIN MENU.
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SECTION F

PRINT A FINAL DATA SET
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SCREEN 1F

Use the cursor keys to highlight your choice, then press enter to
choose it.

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine De at Temp.
Extend modeled curve
Exit program

—

Developed for
DOE National Low-Level Waste Management Program
by
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press Fl for help and definitions

EXPLANATION

Print a final data set allows the user to either view the file currently in the working
memory or to print it out.
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SCREEN 2F

On screen (S) or printer (P)? [S]/P

EXPLANATION

Enter "S" or just press ENTER to view the file on the screen. Each individual data set
within the file (e.g., each of 3 replicates) will be displayed in sequence. The user can
advance to the next data set by pressing any key.

Enter "P" to print out the entire data file.
If no data file is present, this message appears: '"There is nothing to print yet.

Press any key to continue." When any key is pressed, the user is returned to the
MAIN MENU.
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SCREEN 3F

Leaching data for A

Cs~-137 Cement/5 wt% Sodium sulfate/lxl/s 0L DIW

Press any key to continue

# Time(d) IFL CFL
1 0.08 7.09E~02 7.09E-02
2 0.29 6.39E-02 1.35E-01
3 1.00 1.30E-01 2.65E-01
4 - 2.00 1.03E~01 3.68E-01
5 3.00 6.42E~-02 4,.32E-01
6 4.00 5.40E-02 4.86E-01
7 5.00 3.58E~-02 5.22E-01
8 6.00 3.51E-02 5.57E-01
9 7.00 2.89E-02 5.86E-01
- 10 8.00 2.23E-02 6.08E~01
11 9.00 2.06E~02 6.29E-01
12 10.00 1.43E-02 6.43E-01
13 11.00 1.72E-02 6.60E-01

Diffusion Model
Diffusion coefficient
1.33E~Q7

Y-axis intercept =
~0.24E-02

relative error in fit
0.55 %

Dissolution Model
standard deviation=
3.78E~-02

average IFL=
4,78E-02
variance=

79.05

Partition Model
Ditfusion coefficient
2.34E-07

Partition Constant =
0.82

relative error in fit
0.16 %

it

MAIN MENU.

The screen displays both data and the parameter values that describe each of the
three models. The “relative error in fit" value can be compared to determine which of
the models best describes the ‘data. Values of 0.50% or less are acceptable for the
diffusion model and the partition model. A variance of 10% or less indicates that the

EXPLANATION

This is an example of a data set from a file. Press any key to put the next data set in
the file on the screen. When no more sets are available, the user is returned to the

dissolution model is acceptable.




SECTION G

EDIT DATA
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EDIT SPECIFICATIONS

MAIN MENU

CFL FILE TYPE

DIAMETER
HEIGHT

SINGLE SOURCE TERM

LEACHATE VOLUME
HEIGHT
' COUNTING SAMPLE VOLUME
DIAMETER '
SOURCE TERMS

MULTIPLE SOURCE TERM

LEACHATE VOLUME
HEIGHT
COUNTING SAMPLE VOLUME
DIAMETER
SOURCE TERM FACTOR

ED/T DATA

EOIT
SPECIFICATIONS |
OR DATA
ARRAY

EDIT DATA ARRAYS

CFL FILE TYPE

SPECIES VARIABLE
NAME NUMBER

SINGLE SOURCE TERM

SPECIES VARIABLE
NAME NUMBER

CALCULATES CFL
OPTIMIZES MODEL

|

CALCULATES
GOODNESS—
OF —FIT

CALCULATES
DIFFUSION
COEFFICIENT

GENERATES

GRAPHS & TABLES

82

MULTIPLE SOURCE TERM

SPECIES VARIABLE
NAME NUMBER




I FETI ]
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SCREEN 1G

Use the cursor keYs to highlight your choice, then press enter to -

choose it.

— e

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine De at Temp.
Extend modeled curve
Exit program

Developed for

DOE National Low-Level Waste Management Program

by

Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

Edit Cata is used to make corrections in the various inputs given to the program. You

can access the edit function through the "Edit Data" selection on the MA*= MENU or
through the data entry functions, just before the optimization sequence begins.
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SCREEN 2G

Edit sample parameters . . . . . . . . . . enter 1
i.e. height, diameter, source terms, etc.

Edit array data . . . . . . . . . . . . . enter 2
To exit editing . . . . . . . . . . . . . enter 3

Enter your choice...

EXPLANATION

The data is arranged into two types: SAMPLE PARAMETERS and ARRAY DATA.
Select the type of data to edit at this screen. The parameters, contained in the files
vary according to the form that the data was in when it was entered. Therefore, data
entered as CFL will have different parameters to edit than the raw data that was
entered.

Parameters consist of items, such as diameter, height, source term factor, and
counting sample size. Array data consists of the actual leaching data arranged in
arrays of species versus intervals.



The program will automatically display the prompts necessary for the various types of
data. For data that was entered as CFL, use SCREENS 3G to 5G. For data that was
a sinnle source term, see SCREENS 6G to 8G. For data with multiple source terms
see SCREENS 9G to 12G.
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il anl

SCREEN 3G

CFL only data

Parameter Entry # Current value
Sample diameter..........c.. Enter l....esocecesaccas 2.50cm.
Sample height......cccc0e0ven Enter 2...ccececeeecces 2.50cnm.
To end editing....cvecececen Enter 3.....0000000000nn

Enter your choice...
01d sample diameter was 2.50 cm.

Enter new value...

EXPLANATION
Wher: the data was input as CFL (cumulative fraction leached), the editing function for
parameters allows changes only in diameter and height. Other values do not exist in
the file. After vou provide the answers to the "ENTER YOUR CHOICE" prompt, the
program indicates what the old value was and displays the "ENTER NEW VALUE"
prompt. After completing any necessary editing, TYPE "3" to end editing the
parameters; this returns the user to SCREEN 2G. New values automatically replace
old ones in the working file.

The file must be re-optimized (which is done automatically, see SCREEN 13G). If
desired, changes can be saved by selecting "Store a data set" in the Main Menu.
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SCREEN 4G

CFL only file type

Name Spécies #

Time 1

Na 2

Ca 3

K 4

Csl37 5

Co60 6

Srso 7

To éxit editing . . . . v v e h e e e e e e e 8

Enter species # toedit . . . . . . . . . . . .
EXPLANATION

When editing the ARRAY data for data that was input as CFL (cumulative fractior:
leached), you must define the species that is to be edited. In the example shown
above, the speciés are time and data sets named for various elements and
radionuclides. Enter the variable number indicated on the screen to edit that particular
species. Type "8" to return to SCREEN 2G.
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SCREEN 5G

Csl137

. 7254E-02
.0669E-01
.6119E-01
.0675E~01
+4302E-01
«7245E-01
«9752E-01
.1907E-01
+3709E-01
.5512E-01
.7202E-01
12 3.8673E-01

WO W=
WWWWDNDDND R

Enter 51 to end editing

Enter observation # to change...2
0ld value was 1.07E~01

Enter new value...

EXPLANATION

After selecting a species to change in SCREEN 4G (in the case of the example shown
above, variable #5, Cs137, was selected), the appropriate data file is displayed. Enter
the observation number (a number from 1 to 13 in this case) to be changed. The
program will then display the old value along with a bmmp@; to "ENTER NEW VALUE..."
When the "ENTER" key is struck, the new value will replace -he old value. Enter "51"
to end the array editing function and to return to SCREEN 4G.

The file must be re-optimized (which is done automatically, see SCREEN 13G). If
desired, changes can be saved by selecting "Store a data set" in the Main Menu.



1}

SCREEN 6G

SINGLE SOURCE TERM DATA

Parameter Enter # Current Value
Leachate volume........ Enter 1.......... 3.0
liters. '

Sample diameter........ Enter 2.......... '4.00 cm.
Sample height.......... Enter 3....c00000 7.00 cm.
Source terms........... Enﬁer 4.... v(various values)
Counting sample size... Enter 5..... 3.0 millilitors.
To end editing......... Enter 6

Enter your chdice ..... ceee2

0l1d sample diameter was 4.00 cm.

Enter new value....cceaes.7

EXPLANATION

With data that was entered as New (raw) data, single source term, 5 parameters
can be edited, as shown above. Enter the number (Entry #) of the parameter to be
changed. The current values are displayed on the right side of the screen. For
source terms, the current values will be listed when "4" is entered. After the Entry #
of the parameter has been entered, the old value will be displayed on the screen along
with the prompt Enter new value...? When the new value has been entered, it will
auton-atically repiace the old value in the working file.



The file must be re-optimized (which is done automatically, see SCREEN 13G). If
desired, changes can be saved by selecting “Store a data set" in the Main Menu.



SCREEN 7G

Single source term file

'Name ‘ Variable #
Time . . . . . . ; e e e e e s e . e 1
"CB137 ¢ v v e 4 e s e e s s o 8 s . . 2
SE90 v v v v e e e e e e e e e .. 3
Na4
To exit editing . . . . . . . . . . . 5

Enter variable # to edit...

EXPLANATION

Data stored in an array from single source term files are displayed as shown above.
Select the name of the species to be edited by entering the appropriate "SPECIES #."
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SCREEN 8G

Csl1l37CPM

5.5000E+01
4,4000E+01
7.6000E+01
3.5000E+01 -
- 4.5000E+01
6.5000E+01

AU W

Enter 51 to end editing

Enter observation # to change...3
01d value was 7.60E+01

Enter new value...

EXPLANATION
When the species selection is made as shown in SCREEN 7G, the data set for that
species is then displayed as shown above.

Enter the observation number (in this case select from 1 to 6) to be changed. The old
value will be displayed and a prompt to Enter New Value... will appear.

The file must be re-optimized (which is done automatically, see SCREEN 13G). If
desired, changes can be saved by selecting "Store a data set" in the Main Menu.
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SCREEN 9G

MULTI-SOURCE TERM DATA

Parameter Enter # Current Value
Leachate volume............Enter 1.......};.3.0 liters.
Sample diameter............Enter 2..........2.50 cm.
Sample height........¢.....Enter 3..........5.0 ocm.
Counting sample size.......Enter 4..........3 ml.
Source Eerm factor.........Enter 5..........3333

To end editing. ..... «».+ss.Enter 6

Enter ydur choice..........3

0ld sample diameter was 5.00 cm.

Enter new value.....cceees

EXPLANATION

With data that was entered as New (raw) data, muiti-source term, 5 parameters can

be edited, as shown above. Enter the number (Entry #) of the parameter to be

changed. The current values are displayed on the right side of the screen. After the
Entry # of the parameter has been entered, the old value will be displayed on the
screen along with the prompt Enter new value...? When the new value has been
entered, it will automatically replace the old value in the working file. The Enter Your

o3




Cholce prompt will remain to allow more editing. Enter "6" to end this editing fu’nctjon.

The file must be re-optimized (which is done automatically, see SCREEN 13G). If
desired, changes can be saved by selecting “Store a data set" in the Main Men.



SCREEN 10G

Multiple source term file type

Name Species #
TiMe.evseeeneenns . 1
CSl37CPM...‘........ ..... 2 Csl37 Std.-..........i....B
Sr90 CPMiccccosocensssced Sf90 = o [ 3
Na CPM.:.ccceveconcn eeeb Na (=3 of « [P
Ca CPM...ccoesencasnass 8 Ca Std.‘...............9

To exit editing........ 10

Enter species # to edit...

'EXPLANATION

Array data from multiple source term data are displayed as shown in the example
above. Select the species to be edited by entering the appropriate “species #."
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SCREEN 11G

CS137 CPM

4.000E+01
5.000E+01
7.000E+01
6.00VE+01
7.000E+01
7 -000E+01

AT WN P

Enter 51 to end editing

Enter observation # to change ...2
0ld value was 5.00E+01

Enter new value...?

EXPLANATICN
By selecting species # 2 at SCREEN 10G, the Na data is displayed as shown above.
Enter the observation number (in this case a number from 1 to 6) to be changed. The
old value will be displayed along with the prompt Enter New Value... When the new
value has been entered, it will automatically replace the old value in the working file.
Enter observation # to change...; the prompt will remain to allow more editing until
you enter "51" to end this editing function.

The file must be re-optimized and saved after changes have been made.
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SCREEN 12G

The modeling function will be performed next. This can be
a lengthy process. If any data entry errors were made,

you should correct them now to avoid re-running the
optimization.

Do you wish to edit the data? Y([N]

EXPLANATION

In all cases, after you finish editing, the program displays the message shown above.
This prompt allows you to return to editing if necessary; if editing is not needed, the
data set is automatically re-optirnized.
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SCREEN 13G

Optimizing model parameters for species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of summations for the model.
When the calculations are completed, the program returns to the MAIN MENU.



SECTION H

TO ADD DATA TO AFILE



MAIN MENU
|ADD DATA TO A FILE

OISK
DIRECTORY
?

[enter FiLe namE

# OF DATA POINTS
TO ADD

TIME INTERVAL

MULTIPLE
SOURCE TERM

SINGLE
SOURCE TERM

DATA AS CFL

SAMPLE DIAMETER
SAMPLE HEIGHT

LEACHATE
VOLUME

LEACHATE
VOLUME

DIAMETER 'DIAMETER
HEIGHT HEIGHT CONC cPM
SOURCE TERM I )
ST ENTER DATA SOURCE SoURCE
MULTIPLICATION NPy :
FACTOR TERM TERM " |
ENTER DATA COUNTING
ENTER DATA ,
(STD. SAMPLE) AS ing/L smlec SIZE
DIAMETER ENTER DATA
HEIGHT AS CPM
DIAMETER
HEIGHT

|

v
YES /E\;T> NO

CALCULATES CFL
OPTIMIZES MODEL

CALCULATES
DIFFUSION
COEFFICIENT

CALCULATES
GOOLNESS -
OF —FIT

GENERATES
GRAFPHS & TABLES

« For Eagit function see section G

100




- SCREEN 1H

Use the cursor keys to hlghllght your choice,
‘choose it.

then press enter to

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to & file
Plot data

Plot comparison :
Determine De at Temp.
Extend modeled curve
Exit procgram

]

Developed for

DOE National Low-Level Waste Management Program

by

Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

Use this function to add data to files that previously have been stored with the "ALT"

program. The program allows the user to place additional data points after the last

one that is already in the file.
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SCREEN 2H

This section is used to add data to a previously stored
file : : ‘

Directory of disk? Y/[N]/Exit/Change (directory)...

EXPLANATION

Since this function is only used to update data that was previously stored, the file must
be taken from either a floppy disk or a hard disk.

In this screen, the program asks if the user needs to view a directory of the disk. If

"Y* is entered, a directory is displayed on the screen. If "N" is entered, the program
proceeds to SCREEN 3H. '
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SCREEN 3H

Enter file name [max. 8 characters.]...

EXPLANATION

Enter the name of the file to be called up from the disk. A maximum of 8 characters is
allowed.
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SCREEN 4H

Enter # of sampling increments to add...

EXPLANATION

- Enter the number of sampling increments that are to be added to the existing data set.
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SCREEN SH

Enter time interval for Sampling Increment...15

?

EXPLANATION

Enter the amount of time (in days) between the last sampling increment and the one
being entered. In the example above, the prompt is for sampling increment 15. This
value will be increased automatically based on the last interval contained in the existing

file and the number of data points entered at SCREEN 5H.
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SCREEN 6H

Is new data from (1) single source term
(2) Multi-source

(3) CFL oily

Enter your choice...

EXPLANATION

Enter the form in which the new data will be inpUt. It does not matter what form the
previously stored data is in.

Use (1) "Single source term", when a number of data points for the same species use
a precalculated source term than can be entered as a discrete quantity. See
SCREENS 7H-13H.

Use (2) “"Multi-source®, when each new data point requires its own accompanying
reference value from which the source term is recalculated (this is most often used
with short half-life radioisotopes). See SCREENS 14H to 19H.

Use (3) “CFL only*, when the data is to be entered as cumulative fraction leached, and
therefore, requires little additional data from which calculations can be performed. See

SCREENS 20H to 23H.
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SCREEN 7H

Enter Leachate volume (liters)...

EXPLANATION

This screen appears only for single source term data.

Enter the volume of leachate used during the sampling interval. The standard volume
for the Accelerated Leach Test is 3.0 liters.
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SCREEN 8H

Are méaéuremehts in concentration or counts/min?

[CONC]/CPM. ..

EXPLANATION
This screen appears only for single source term data.

Calculations are slightly different if the data is in counts-per-minute or in concentration

(mg/!). The following screens are for CPM, but "CONC" will also be discussed in the
explanations. |
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SCREEN 9H

Enter Source Term (CPM) for species... Csi37

EXPLANATION
This screen appears only for single source term data.
Enter the total original amount of activity at the start of leaching for the species

indicated in the prompt. For radioactive matericl, this is entered as counts-per-minute.
For data that are entered as concentration, enter the source term as milligrams.
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SCREEN 10H

Enter counting sample volume (milliliters)...

EXPLANATION

This screen app.ars only for single scurce term data.

For data that are entered as "CPM" it is necessary to know the volume o. aliquot that
is analyzed. No equivalent prompt appears for data entered as "CONC."
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SCREEN 11H

Enter data as counts-per-minute for Csl137 at incremen* #14

?

EXPLANATION
This screen appears only for single source term data.

For data entered as "CPM," the prompt shown above will appear indicating the species
being entered and the increment number. This information on the prompt is updated
as data is entered.

For data entered as "CONC," the prompt will be similar but it will ask for concentration
(mg/l).
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SCREEN 12H

Enter sample diameter (cm)...?

Enter sample height (cm)...?

EXPLANATION

This screen appears only for single source term data.

For data in either form, enter the diameter of the solid sample in centimeters. At the
next prompt, enter the height of the solid sample in centimeters.
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SCREEN 13H

The modeling function will be performed next.

This can be a lengthy process. If any data entry errors
were made you should correct them now to avoid re-running
the optimization.

Do you wish to edit the data? Y/[N]

EXPLANATION

This screen appears only for single source term data.
At the end of the "to add date to a file" function, the file is re-optimized. The option is
given to edit the data. If you select "N," the program re-optimizes the model to

calculate the best-fit diffusion coefficient.

The new file must be saved manually through the Main Menu. You can save it after
the modeling function is finished. ‘
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SCREEN 14H

Optimizing modeling parameters for species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of summations for the model.
When the calculations are completed, the program returns to the MAIN MENU.
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SCREEN 15H

Enter Leachate volume (liters)...

EXPLANATION

This screen appears only for mUItipIe source term data.

Enter the volume of leachate used during the sampling interval. The standard volume
for the Accelerated Leach Test is 3.0 liters.
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SCREEN 16H

Enter sample diameter (cm).,.?

Enter sample height (cm)...?

EXPLANATION

This screen appears only for multiple source term data.
®

Enter the diameter of the solid sample in centimeters. At the next prompt, enter the
height of the solid sample in centimeters. |
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SCREEN 17H

Enter source term multiplication factor...?

EXPLANATION

This screen appears only for multiple source term data.

Enter the source term multiplication factor. This is the factor by which the original
source solution was diluted to make the counting standard. For example: 3 mi of
tracer were added to a specimen when it was made, and 1 ml of that solution was
diluted 1000-fold to produce the standard that was counted. The multiplication factor
would be 3000.
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SCREEN 18H

Enter data as CPM for Csl137 at interval 5

Input standard (CPM), sample (CPM)

EXPLANATION
This screen appears only for multiple source term data.

The numerical values obtained by radionuclide analysis are entered as counts per

minute (CPM). The first line of the prompt tells what species is being entered and the
interval.

Input is in the form of CPM and is entered as the counts for the standard and then the
counts for the sample. They are separated by a comm.
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SCREEN 19H

The modeling function will be performed next.

This can be a lengthy process. If any data entiry errors
'were made you should correct them now to avoid re-running
the optimization.

Do you wish to edit the data? Y/[N]

EXPLANATION

~ At the end of the "to add data to a file" function, the file is re-optimized. The option is
given to edit the data. If you select "N," the program re-optimizes the model to
calculate the best-fit diffusion coefficient. |

The new file must be saved manually. You can save it through the Main Menu after
the modeling function is completed.
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SCREEN 20H

Optimizing model parameters for species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations procéed. This number is
increased each time the program completes one set of summations for the model.
When the calculations are completed, the program returns to the MAIN MENU.
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SCREEN 21H

Enter sample diameter (cm)...?

Enter sample height (cm)...?

EXPLANATION

This screen appears for data entered as CFL.

Enter the diameter of the solid sample that was leached in centimeters. At the next
prompt, enter the height of the solid sample in centimeters.
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SCREEN 22H

Enter data for ..... at sampling increment .....

Input CFL...

EXPLANATION
This screen appears only for data entered as CFL.

Enter the data, in the form of cumulative fraction leached (CFL), for each species that
is indicated in the prompt for the interval that is indicated. Data must be input as a
decimal fraction. -
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SCREEN 23H

The mcdeling function will be performed next.

This can be a lengthy process. If any data entry errors
were made you should correct them now to avoid re-running

the optimization.

Do you wish to edit the data? Y/([N]

EXPLANATION

This screen appears only for data entered at CFL.

At the end of the "add to data file" function, the file is re-optimized. The option is given
to edit the data. If you select "N," the program re-optimizes the model to calculate the

best-fit diffusion coefficient.

The new file must be saved manually; you can save it through the Main Menu after the

modeling function is completed.
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SCREEN 24H

Optimizing model parameters for species #1

EXPLANATION

This prompt indicates that calculations are being performed. A rapidly changing
number will appear under the line of type as the calculations proceed. This number is
increased each time the program completes one set of summations for the model.
When tiie calculations are completed, the program returns to the MAIN MENU.
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SECTION |

PLOT DATA
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SCREEN 11

Use the cursor keys to‘hithight your choice, then press enter to
choose it.

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set

. Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison

Determine De at Temp.
Extend modeled curve

Exit program

Developed for
DOE National Low-Level Waste Management Program
by
Brcockhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

This function is used to produce on-screen plots of the data in the form of cumulative
fraction leached. Before you select the plotting fundtion, data must be present in the
working memory of the program. If no data is present, a warning message will be
given and the user will be returned to the MAIN MENU.
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- SCREEN 21

To plot data using the DIFFUSION MODEL...... enter 1
To plot data using'the DISSOLUTION MODEL....enter 2

- To plot data using the PARTITION MODEL...... enter 3

EXPLANATION

The user has a choice of three mathematical models, the Diffusion Model, the
Dissolution Model, and the Partition Model, which may be used to describe the data.
On-screen plots that show the data and the results of the optimized model are
generated in this section. To use this function, a data set must aiready be in the
active memory (either by entering the data manually or by retrieving a data set). The
user selects the model to be plotted. After the first data set is plotted, other sets on
the same file are also plotted by pressing any key. When all data sets have been
displayed as plots, the program returns to the MAIN MENU. To plot the same data
using one of the other models, select plot data and then choose the desired model.
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SCREEN 3l

x10t-1 Sodium fron Cement\5/ Sodium Sulfate

Diffusion Model
gC

5
Dez 1,44E-87
8 relative ervor in fit = 0.0 ¥
0 4 I 12 16 20
Tine(days) ‘ :

Press any key to continue

EXPLANATION

This is an example of a set of data plotted by ALT using the Diffusion Model. It is in
the form of cumulative fraction leached plotted against time. The Y-axis values are
plotted as muitiplied by {10™), which is shown at the upper left side of the plot. The
program automatically selects ranges of the data to plot. The title (as entered in
SCREEN 3A, for example) is printed at the top of the graph. The species of the data
(as entered in SCREEN 6A) is printed at the lower right, along with the name of the
model, the optimized diffusion coefficient, and the relative error in fit (Eg). The data
are plotted as individual points, and the best fit model cui've is plotted as a line
through the points. Pressing any key will advance the program to the next species
that is to be plotted. When plots of all species from the data file have been displayed,
the program returns to the MAIN MENU.
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SCREEN 4li

5 x10¢-3 Calcium from cement/sulfate at 55 C Ixi 3L

4 -""1 """" E“""u""""-"'""'a""'ﬂ""":""‘d" """""

3 1
I
i‘z i-1-1

1 A ‘gifsolution Hodel

Standard Deviation = 3.08E-84
8 Coefficient of Variation = 7,92 %
0 2.4 4.8 1.2 9.6 12
‘ Time (days) .
Press any key to continue

EXPLANATION

This is an example of a set of data plotted by ALT using the Dissolution Model. It is in
“the form of incremental fraction leached plotted against time. The program
automatically selects ranges of the data to plot. The title (as entered in SCREEN 3A,
for example) is printed at the top of the graph. The species of the data (as entered in
SCREEN 6A) is printed at the lower left side as is the mean, the standard deviation,
and coefficient of variation of the distribution about the mean. The data are plotted as
individual points, and the mean (excluding the first two data points) is shown as a
horizontal line. Pressing any key will advance the progfam to the next species that is
to be plotted. When plots of all species from the data file have been displayed, the
pfug&» am returns to the MAIN MENU.
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SCREEN 5l

xiet-1 Cs-137 Cement/15wt4 Ash/ix1/3.0L DIN/Daily/55 C PA3ECs

‘_,_-_'—w—ﬂ

gartifion Model

Dez 9.94E-07
L . Pantition= 0.73
‘ re'ative error in fit = 8,21 % |
[} T T T T =
8 4 8 . 12 16 20
Tine(day.)
Press any key to continue

EXPLANATION

This is an example of a set of data plotted by ALT using the Partition Model. This
model combines partitioning of the source term with the diffusion model. It is in the
form of cumulative fraction leached plotted against time. The program automatically
selects ranges of the data to plot. The title ‘(as entered in SCREEN 3A, for example) is
printed at the top of the graph. The species of the‘ data (as entered in SCREEN 6A) is
printed at the lower right, as is the name of the model, the optimized diffusion
coefficient, the partition factor and the relative error in fit (Eg). The data are plotted as
individual points and a best fit model curve is plotted as a line through the points.
Pressing any key will advance the program to the next species that is to be plotted.

When plots of all species from the data file have been displayed, the program returns
to the MAIN MENU.
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SECTION J

PLOT COMPARISON
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SCREEN 1J

Use the cursor keys to highlight your choice, then press enter to

choose it.
m

Enter new (raw) data
Enter data as CFL vs Time
- Retrieve a data set
Store a data set
Print a final drta set
ﬂ Edit data “
To add data to a file
Plot data
Plot comparison
Determine De at Temp.
'Extend modeled curve
Exit program

Developed for
DOE National Low-Level Waste Management Program
by

Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

The plot comparison function is used to generate an on-screen plot of the
experimental data (in the form of cumulative fraction laached) versus the CFL
calculated by the model. This function allows a graphical comparison of the two data
sets, only by using the diffusion model and the partition model.
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SCREEN 2J

To plot Experimental CFL

vs Modeled CFL (Diffusion).....Enter 1

To plot Adjusted CFL

vs Modeled CFL (Partition)..... Enter 2

EXPLANATION

This screen allows the user to select between the diffusion model and the partition

- model to generate ploté comparing the model results (Y-Axis) and the experimental
data (X-Axis). To use this function a modeled data set must already be in the
program’s active memory. |
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SCREEN 3J

x10¢-1 | Sodiuw frow Cement\5/ Sodium Sulfate

.MJ ‘. )
. o °
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8 4 " ‘ ‘ Diffusion Hodel
L ’ 0 C
- . . ..De= 2,63E-08
g “ ‘ relative ervor in fit = 0.62 %
8 3 R 24 3,2 4
Experinental CFL  x10%-1

Press any key to continue

EXPLANATION

- This is an example of a graph generated by the piot comparison function. The
cumulative fraction leached (CFL) generated from experimental data is on the X-axis
while the CFL generated by the model is on the Y-axis. If the fit between the two were
perfect, the points would fall exactly on the dotted line. Deviations of the fit can be
observed on this plot, showing where the model and experimental data do not
correlate very well. The title of the data set is printed at the top of the graph. The
species, the best fit diffusion coefficient, and the relative error of the fit between the
model and the data are displayed at the lower right of the plot.

The dotted line, indicating a perfect fit, does not necessarily pass through the origin. It
is adjusted with a Y-intercept valua.
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SECTION K

DETERMINE D, AT TEMP.
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Use the cursor keys to highlight your choice, then press enter to

choose it,

SCREEN 1K

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
- Edit data _

To add data to a file
Plot data

Plot comparison
Dstermine De at Temp.
Extend modeled curve
Exit program

Developed for

DOE National Low-Level Waste Management Program
by

Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973

This funciion is used to calculate the equation ( f the line and the correlation coefficient
for the relationship of log diffusion coefficient (D,) to reciprocal temperature (1 JT(K)).
This is the Arrhenius function described by the equation:

Press Fl1 for help and definitions

EXPLANATION

D, Aanx"Eh
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where A is a pre-exponential factor, E, is the activation energy, R is the gas constant
and T is temperature in degrees kelvin. |
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SCREEN 2K

This section is used to calculate an equation of the form
Y = mX + b for Arrhrenius plots of natural log(ln) De
versus 1/T. | :

There must be a minimum of three different temperatures.
Enter Temperature (C), Diffusion coefficient (cm/sec...)
Hit return (zero for De) to end data entry.

Input data pair # 1...

EXPLANATION

To perform the calculation, the user must enter experimental temperature (in degrees
centigrade) and D, (cm?/sec). A minimum of three data sets, entered as temperature
and then D,, separated by a comma are required. When all data are entered, press
“ENTER" to start the calculations. Entering a value of zero for D, will also end data
entry and start the calculations.
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SCREEN 3K

Enter Temperature (°C), Diffusion coefficient (cm)/sec...
Hit return (zero for De) to end data entry.

For X = 1/T and Y = &n(De)

m = -0.12E+05

b = 3.20E+01

Correlation coefficient r = 0.970
Activation Energy, Ea = 24.3kcal/mol

Do you wish to determine a De at a different temperature

[Y]/N...

EXPLANATION

Results are displayed on the screen as numerical values for the components of the
equation of the line that best describes the data. The linear correlation coefficient r is
given and the activation energy, E, (in kcal/mole) is calculated from the slope of the
line. If it is desired, enter "Y" to calculate a D, value for another temperature based on
this data.
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SCREEN 4K

Do you wish to determine a De at a different temperature
[Y]/N...
Enter the temperature (°C) that you want a De for ... 78

De = 5.76E-02

Another De ? Y([N]

EXPLANATION

If you enter "Y," the program will use the calculated best fit line to estimate a new D,
value for the temperature entered. This calculation is extrapolated from the linear
equation used to describe the Arrhenius function. [f you enter "N," the program
returns to the MAIN MENU.
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SECTION L

EXTEND MODELED CURVE
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SCREEN 1L

Use the cursor keys to highlight your choice, then press enter to
- choose 1it.

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set
Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison
Determine De at Temp.
Extend modeled curve
Exit program

e

Developed for
DOE National Low-Level Waste Management Program
by
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

—— —
——

Press Fl1 for help and definitions

EXPLANAT'ON

The Extend Modeled Curve function allows the user to project data as a function of
time using the diffusion model. This model can also calculate releases from different
sized samples. In this way releases from full-scale waste forms can be estimated.

This function should only be used if the goodness-of-fit value (Eg) indicates that

diffusion is the dominant leaching mechanism. A data set, which has been modeled,
must be in the working memory.
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SCREEN 2L

Input time (in days) to extend modeled CFL.

(Entering nothing or zero defaults to 100 days.

EXPLANATION

Enter the number of days to which the model is to calculate the diffusion curve. The
program automatically defaults to 100 days, and it will use the diffusion coefficient of
the data in the memory.
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SCREEN 3L

Input time (in days) to extend modeled CFL.
(Entering nothing or zero defaults to 100‘days.)... 500

Input diameter, height (in cm) to use in modeling
- (Entering nothing or zero defaults to experimental
size)...

EXPLANATION

After answering the prompt on the previous screen, enter the diameter and height, in
centimeters, of the solid sample. The program will default to the size of the sample
used in the experimental data held in the working memory.
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- SCREEN 4L

Sodium from Cement\5/ Sodium Sulfate

{
8 -
€6
F
L
4
2 - Height= 2.5 20 ¢
= o) CH
Dianetepz 2.5 De= 2.63E-08
) At £ 100 daye. CPL=0.8369
1 ) {

8 20 10 60 80 100
. Tivpe(da%s) )
Press [P Plot another line, [C] Continue to next species or [R] Return to menu

EXPLANATION |
With the information from SCREENS 2 and 3 and the data held in the working
memory, the program will generate a plot of cumulative fraction leached (CFL) versus
time (in days). The series title of the data set appears at the top. The X-axis extends
to the time (t) defined in SCREEN 2L and the CFL calculated for that time period is
also displayed. The height, diameter, species name and the diffusion coefficient are
displayed on the plot. The program will automatically produce graphs for each data
species in the file. |
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SCREEN 4L - Continued

A promit is displayed under the graph stating “Press [P] Plot another line, [C]
Continue to next species or [R] Return to Menu." Press only the letter; no brackets
are needed.

Press R to return to the main menu.

Press C to return to SCREENS 2L and 3L using the parameters for the next species in
the data set held in the working memory.

Press P to advance to SCREEN 5L.
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'SCREEN 5L

Sodiun from Cement\5% Sodiun Sulfate

L

28 C
Dez 2.63E-08

0 60 120 180 240 300
enter new diangier, height (in cm) ...1
Press [P] Plot another line, [C] Cont

inue to next species or [RI Return to menu

EXPLANATION

After pressing P, a prompt appears under the graph asking the user to enter new
values for the diameter and height (in centimeters) of the sample to be modeled.
Enter new values separated by a comma or press ENTER to use the old values.
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-~ SCREEN 6L

Sodium from Cement\3% Sodium Sulfate

ight= 2.9 on

er= 2.9 om

160 days, CFL=9,8369
1

20 C
Dez 2.63E-08

20 49 b 80 100
Input De (enter nothing or zero to leave De unchanged)
Press [F] Pfo% another line, [C] Continue to next»s;ec?gsagg [R! Retuvn to menu

EXPLANATION

The prograrm now asks for a new value for D,, the diffusion coefficient. A new value
can be entered, and the old value can be retained by pressing ENTER.
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SCREEN 7L

Sodium fron Cewent\5% Sodium Sulfate

Height= 10.0 cn
Diameter= 2.5 cmM
At t= 300 days, CFL=0.957@
L 1. 1
e 60 120 180 240 300
) Time (days) .
Press [P1 Plot another line, [C] Continue to next species or [R] Return to menu

28 C
De= 2,63E-08

EXPLANATION

When the request for a value of D, is answered, the new curve is piotted on the
previous graph. The latest values for diameter, height, D,, and CFL are displayed.
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SECTION M

EXIT PROGRAM
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SCREEN 1M

Use the cursor keys to highlight your choice, then press enter to
choose it. ‘

Enter new (raw) data
Enter data as CFL vs Time
Retrieve a data set

Store a data set

Print a final data set
Edit data

To add data to a file
Plot data

Plot comparison

Determine De at Temp.
Extend modeled curve

Exit program

e = e

Developed for:
DOE National Low-Level Waste Management Program
by
Brookhaven National Laboratory
Low-Level Waste Research Group
Upton, N.Y. 11973

Press F1 for help and definitions

EXPLANATION

This function is used to exit from the "ALT" program.



SCREEN 2M

Do you really want to exit? (Y]/N

?

EXPLANATICN

Answer "Y" or press "ENTER" to leave the program; the computer will return to DOS.
If you press “N," the program returns to the MAIN MENU.
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APPENDIX A
THEORY

Models based on mass transport theory that have been validated with experimental data are regarded
as an excellent means of estimating the amounts of material released by solidified waste. Critical to the
evaluation of observed leaching results is the comparison with the theoretical models for diffusional release. The
simplest models used for comparison with experimental results are for bulk diffusion.

Bulk Diffusion

The mathematical theory of transport by diffusion from solids is based on Fick’s hypothesis that the
diffusion rate is proportional to the concentration gradient[1,2]. The fundamental partial differential equation
for diffusion is:

X . _p¥c 6
o

where C is the concentration of the species, t is time, and D, is the effective diffusion coefficient in poroﬁs
media.

Mathematical solutions to the transport equation for diffusion have been applied to the leaching of
radionuclides from waste solids[3,4]. The exact form of the solution to the mass transport equation of diffusion
depends on the initial and boundary conditions of the problem. The semi-infinite media and the finite shape
models are the most direct and generally used.

Semi-Infinite Media Model

A simple case is that of a semi-infinite solid with a constant diffusion coefficient where ideally the

cumulative fraction released from a porous medium is predicted as:
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where a, is the total amount of radioactive material released in all leaching periods up to time, t, A is the initial
amount of radioactive material, V is the waste form volume, S is the waste form surface area, D; is the effective
diffusion coefficient. The semi-infinite model has been used to model leaching behavior when the cumulative
fraction leached (CFL=Xa,/Ay) is less than 0.20 or 20% release.

Finite Shape Models

Laboratory samples are often leached well beyond the 20% maximum limit for the semi-infinite model.
Consequently, the analytical solution for diffusion from a finite shape must be used to account for depletion of
the source term. Cylindrical shaped waste forms are commonly used. Hence the exact solution for diffusion
from a finite cylinder using a constant diffusion coefficient, as described by Nestor, is appropriate. The solution
of the mass transport equation for a constant diffusion coefficient, a uniform and homogeneous solid and zero

surface concentration during leaching is:

TP X R B VL T 3
CFL-&-l-E): y < @
A, 72 at1 me1 (2n-17(B)

where D, =effective diffusion coefficient (cm?/s), £=half height of the cylinder (cm), a, is the cumulative
leached activity, A, =initial total activity, m = positive roots of Bessel function where, Jy(r8,)=0.

The finite cylinder model provides a guideline to determine if diffusion continues to consistently operate
as the release mechanism during leaching tests. However, the use of equation (3) has been frustrated by the
slow convergence of the double infinite serics. Consequently, several investigators have presented alternative
methods of using the difficult to evaluate double infinite series solution for diffusion from a finite
cylinder[4,5,6,7]. Pescatore's technique transformed the double series into a rapidly converging form for

which the error associated with the truncation of each series can be evaluated.



For finite cylinder waste forms of height H and radius R, one uses instead the double series expression:

with:

and:

For the S(t) series:

with:
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and:

1
q< E, y(n< S2N-D) [v*(1)+2/(2N-1)* Jexp [-(2N-1)* ¥* (1)]

and for the S (t) series:

S,(1) = S_u(0) + E, (1) ©
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In practice, an intercept term, b, which has been added to equation (4), can be used to improve the fit
of the model since extrapolation of observed results to t=0 does not necessarily pass exactly through CFL=0.
For low-level waste forms this intercept, b, is often small (<0.5% A;) and has been referred to as the

instantaneous wash-off term for extraneous surface material.



The ALT computer program uses the semi-finite media model when CFL < 0.0124, and the finite
cylinder model (Equation 4) for greater CFL values. This is done to provide the minimum error in modeling

results. The program also includes an intercept term that allows for instantaneous wash off.

Diffusion Plus Partitioning of the Source Term

Through our analysis of experimental data it has become apparent that the finite cylinder model alone -
cannot adequately describe releases from many types of materials. Several physical and chemical mechanisms
may take place within and on the surfaces of waste forms that can result in curves of CFL vs time becoming
asymptotic before CFL=1.00 (100% release). The precise nature of these processes is material specific and can

include:

- - physical adsorption of ions onto surfaces,
- substitution of a proportion of a species in the lattice structure of a new phase, and
- multiple sources of wastes leading to species being present in two or more chemical forms,

having different solubilities.

In all of these cases the effect is similar in that the species of interest is partitioned between a fraction that is
available for leaching and a fraction that is not. The partitioning‘process is essentially a reduction of the source
term (Ag), with the assumption that partitioning results in a fraction of the species that is not released, or is
released at a rate that is so low that it is not detectable. This model has been used for a kvaricty of elements
leached from several types of cement-based waste forms and was often able to provide goodness-of-fit (E,) values
that were far superior to the diffusion model. An example of the effectiveness of this model is shown in Figure
Al, in which data from a leaching experiment is shown with curves generated by the model for diffusion from

a finite cylinder and from the model for diffusion plus partitioning,

The partition model uses the model for diffusion from a finite cylinder (or from a semi-infinite cylinder
if the CFL< 0.0124), but alters the result by reducing the original source term so that the cumulative fraction
leached is determined as follows:
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where a, is the total amount of radioactive material released in all leaching periods up to time t, A, is the initial
source term which is the amount of radioactive material originally present in the solid sample, P is the source
term partitioning factor, which is 0<P<1, V is the volume of the solid sample, S is the geometric surface area
of the solid sample, and D, is the effective diffusion coefﬁcient. There is, therefore, a fraction of activity that

is not leached but retained on the solid:

FR- AP p

0

where FR is the fraction of activity retained on the solid.

Certain caveats are necessary in using this model. Embodied in it is the assumption that the partitioning
is absolute in the sense that the material unavailable for leaching will never leach out of the solid. This is not
necessarily so. For example, releases from some materials may be best described by a model containing two
diffusion coefficients; one being a much greater rate than the other. This model has not yet been added to the
ALT program. In short-term tests the partition model will closely mimic the model using two diffusion
coefficients, but extrapolations to longer times could be misleading. Therefore, no extrapolations are currently
allowed when the partitioning model is used. Moreover, when the partitioning model is used to help define
leaching mechanisms, we strongly recommended that other experimental evidence (in addition to the leach test
data) should be used to verify the process of partitioning. In many cases, a simple batch-type adsorption test

would suffice.
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Figure Al. - Experimental data as cumulative fraction leached, plotted as a function of time are

shown as the squares. The finite cylinder diffusion model and the model in which the
source term is partitioned are shown as lines fitted to the data. Date is for sodium
leaching from portland cement containing sodium sulfate.

Dissclution
Solubility limited releases in leaching experiments are the result of two related processes:

- solubility limits constraining the dissolution of a phase inside the waste form, thereby reducing

the leach rate and

- solubility acting on the leachate, as a new phase forms external to the waste form, to limit

concentrations in the leachate.

In the first case, the shape of the CFL vs time plot can take two forms. If the dissolution rate is great compared
to the diffusion rate out of the waste form, release will be controlled by diffusion and the plot will be a typical
curve. If, however, the dissolution rate is small compared to the diffusion rate, then the plot will have a linear

shape, indicating dissolution as the rate controlling mechanism.
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In the second case, the plot of CFL vs time will also be linear as a result of a reaction between the
components of the leachate and some external material generating a precipitate, ieaving only a small amount of
the component in solution. This will be the case whén the reaction generating the precipitate is rapid compared
to the rate of transport out of the solid. A typical example of this is as follows; the concentration of calcium in
leachate genefated from a cement sample is limited to about 6 mg/L by the solubility of several calcium -
carbonate minerals that form as precipitates in the leachate and as coatings on the sample. The precipitate is
the reaction‘product of calcium and hydroxide ions leached from the cement and carbon dioxide drawn into

solution from the air.

The dissolution model incorporated into the accelerated leach test computer program cannot be used
to make long-term predictions, instead it is intended for use as an indicator of processes (such as precipitation)
influencing the leach test. The concept involved is that the concentrations of the species that are solubility
controlled will be the same at all leaching intervals. This means that the incremental fraction leached will be
the same for all intervals and the cumﬁlative fraction leached will increase by the same amcunt at each interval,
producing the linear form of the plot showing CFL vs time. A plot of IFL vs time is a horizontal line. In reality
a plot of IFL vs time shows a distribution around a mean value of IFL, which can be described by a statistical
analysis of the data. For the ALT program , the coefficient of variation is used to evaluate the goodness-of-fit
of the experimental data compared to the model (the average). The equation to calculate the coefficient of
variation is shown below and is a way of normalizing the standard deviation so that it can be expressed as a

percentage of the mean:

S x 100

X

V=

where S is the standard deviation and x is the mean IFL, and V is the coefficient of variation. The standard
deviation (8) is calculated as follows:

where n is the number of data points and X is the IFL of individual data points.The first two data points are not
included in the calculation because experimental data indicate that the time intervals for those samplings are two
small to allow solubility limits to be reached. A coefficient of variation of 10% indicates that the data fits this
linear model and that solubility limits control releases.
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© A plot of incremental fraction leached (IFL) as a function of time illustrates solubiliby

limited released. IFL is described by a means value with a distribution about that
mean. The first two data points are ignored because the time intervals between
samplings are too short to be useful in this model.
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APPENDIX B

GLOSSARY

Acceleration Factor. Ratio calculated as the time required to reach a certain Cumulative Fraction Leached
for an accelerated leach test divided by the time required by a reference leach test to reach that same

Cumulative Fraction Leached.

Accelerated Leach Test. A leach test procedure that provides greater release rates than those obtained
through standard leach tests. Test conditions, such as elevated temperature and increased volume of

leachant can be used to increase relcase rates without changing the mechanisms of leaching.

Cumulative Fraction Leached (CFL). The sum of the fractions leached during all sampling intervals
calculated as:

CFL= Za /A,
and assuming no radioactive decay.

Diffusion Coefficient. (Diffusivity) Based on Fick's Laws for diffusion, the diffusion coefficient is the ratio of
the rate of transfer of a diffusing substance through the unit area of a section to the concentation gradient

measured normal to the section. The diffusion coefficient is symbolized by D.

Diffusion Model. Computer algorithm using diffusion theory to describe leaching. Two diffusion models are
used in the ALT program: diffusion from a semi-infinite medium and diffusion from a cylinder.

Dissolution Model. Computer algorithm that statistically analyses IFL values throughout an experiment by
calculating a 1aean and the distribution about the mean. A consistent value of IFL indicates solubility

controls on the concentration of the species of interest in the leachate.

Effective Diffusion Coefficient. (Effective Diffusivity) The diffusion coefficient that results from diffusion as
it is modified by other processes (e.g. adsorption) or physiral constaints (tortuosity and constrictivity). The

effective diffusion coefficient is symbolized by D,.

Finite Cylinder, (Finite Medium) A bounded body for which the diffusion equation can be solved.
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Goodness-of-Fit. An expression indicating how cldsely a model generated curve comes to reprcsentihg a
data curve. In the ALT program, goodness-of-fit is represented qﬁantitatively (for the diffusion model and
the partitibn model) by the value Eg. This is the sum-of-the-residuals expressed as a percentage of the final
CFL of the experimental data. For the dissolution model, goodness-of-fit is indicated by the size of the
distribution about a mean value of CFL. That distribution is described by the standard dcviation, expressed

as the coefficient of variation.

Incremental Fraction Leached (IFL). The fraction leached of a species of interest during a single sampling
interval calculated as: , ‘

IFL= a,/A,
and assuming no radioactive decay.

Leachant. The liquid that contacts the specimen during a leach test or contacts a waste form in the disposal

environment.
Leachate. The leachant after contacting the specimen or the waste form.
Leaching. The process (or processes) by which mass transport from a solid to a liquid takes place.

Leaching Interval. The length of time during which a given volume of leachant is in contact with a

specimen.

Leaching Mechanism, The process which controls the rate of mass transport out of a specimen during

leaching.

Low-Level Radioactive Waste. Waste that contains radioactivity and is not high-level waste, transuranic
waste, or spent nuclear fuel as defined by Department of Energy Order 5820.2A. Test specimens of
fissionable material irradiated for research and development only, and not for ﬁroduction of power or
plutonium, may be classified as low-level waste, provided the concentration of transuranics is less than 100
nCi/g.
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Partition Model. Computer algorithm, based on the diffusion models, that reduces the source term of the
model. This implies that the species-of-interest is contained in two fractions: one ieachable and the other
not leachable.

Reference Leach Test. A leach test conducted under defined conditions where thé results are used as a
standard against which the results of other leach tests (e.g. accelerated) are compared.

Semi-dynamic Leach Test. A leach test method that exposes the specimen to fresh leachant on a periodic
schedule. |

Semi-infinite Medium. A body, used in diffusion theory, the outer boundary of which is effectively at an
infinite distance from the inner region.

Solidification Agent. A material used to process waste into a solid, stable waste form.

Source Term. The original concentration of a species of interest in a specimen or a waste form, before

leaching.

Sum-of-the-Residuals. The difference, taken at each data point, between the CFL of the model and the CFL

of the data, summed through the entire data set.

Surface Area. For purposes of this test method, surface area is defined as the geometric surfu.c area of a
specimen calculated from its measured dimensions.

Volume. For purposes of this test method, volume is defined as the volume of a specimen calculated from

its measured dimensions.

Waste Form. A stable, solid body formed by the waste and solidification agent and meeting specifications
for disposal.
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