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Abstract

This report is a step-by-step guide for the AcceleratedLeachTest (ALT)

Computer Programdevelopedto accompanya new leachtest for solidifiedwaste

forms. The programis designedto be used as a tool for performingthe calculations

necessaryto analyze leachtest data, a modelingprogramto determine if diffusionis

the operatingleachingmechanism(and, if not, to indicateother possiblemecha-

nisms),and a meansto make extrapolationsusingthe diffusionmodels. The ALT

programcontainsfour mathematicalmodelsthat can be used to representthe data.

The leachingmechanismsdescribedby these modelsare:

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

2) diffusion through a finite cylinder (for high fractional releases),

3) diffusion plus partitioning of the source term,

4) solubility limited leaching.

Resultsare 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 mechanismsand rates of leachingfrom radioactiveand hazardous

waste is one meansof assessingthe Iong-termacceptabilityof waste forms. The

long-termintegrityof the waste form in itsdisposalenvironmentis an attributethat is

linkedto leachingand is importantfor reliablypredictingdisposalsite behavior. In this

way leachingstudiesare a key element in understandingthe processesthat lead to

disposalsite failure. This knOwledge,in turn,can be used to developwaysof prevent-

ing releases. Moreover,leachingis a componentof degradationprocessesof many

structuralmaterialsconsideredfor engineereddisposalunits. Studiesof mechanisms

that transportwater throughthese barriersare closelyrelatedto studiesof leaching

mechanisms.

Making predlc_tionsof releasesfrom solidifiedwaste forms, that extend to the

time periodsneeded, requiresan understandingof the processesof leaching,

includingthe abilityto describethose processeswithmathematicalmodels. The use

of mechanisticallybased models, as opposedto semi-empiricalor curve-fitting

routines,is a criticalpathwayto producingreliableextrapolationsof releasesto long

times. Coupled to the use of mechanisticmodelsis the need to have leachingdata

that was generatedwith proceduresthat adhere (to a practicalextent)to the boundary

conditionsimposedby the models. Particularlyimportantin thiscontextis maintaining

relativelylow concentrationsof dissolvedspeciesinthe leachingsolutionthroughout

the experiment. The maximumleach rate, an intrinsicpropertyof the materialtested,

can be determined only with optimum test conditions. The Accelerated Leach Test

(ALT) method and its associated "AL'r" 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.



APPROACH

An Overview of the AccelertRtedLeach Test

A leach test is usedto determinethe quantityof a speciesof interestthat is

transportedfrom a solidphaseto a liquidphase (the leachant)duringa definedperiod

of time. The AcceleratedLeachTest is a semi-dynamictest; that is, the leachantis

sampledand replacedperiodically.Elevatedtemperature,large leachantvolume°and

small,solidsamplesize are usedto obtain releasesthat are acceleratedrelativeto

other standardleachtestsand to the leachingof fUll-scalewaste forms. The test

method is applicableto any materialthat does not degrade, deform, or change its

leachingmechanismat the temperaturesused in the test. Detailedinstructionsfor

carryingout the AcceleratedLeachTest are given in BNL-52268 [1].

An Overview of th9 AL.TProuram

The ALT computer program was developedto accompany the accelerated

leachtest method, lt is designedto be used as:

1) a to01for pe,fformint._the calculationsnecessaryto analyze leachtest

data and

2) a modeling program to identify leachingmechanismsand to make

extrapolationsusingthe modelscontainedin the program.
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Data is manually input intothe program along with the parameters needed to

performthe calculations. Manyof these parameters(e.g. samplesize, time intervals)

havedefaultvalues,which are those specifiedby the acceleratedleachtest method.

However,numbersother than the defaultvaluescan be inputif required. The

programproduces resultsas tablesof data and as graphs. Resultscan be saved as

LOTUS 1-2-3 fileswhich, in turn, can be importedintocommercialgraphicsprograms

to producepublication-qualityoutput.

Resultsof the calculationsare presented in several ways. The most basic value

determinedfrom a leachtest is the IncrementalFractionLeached(IFL) from whichthe

CumulativeFraction Leached (CFL) is calculated. The CFL is typicallyplottedas a

functionof time and ALT does this,when requested,at the end of the calculation

sequence. The effectivediffusioncoefficient(De),the partitioningfactor (P) or the

averageconcentrationcan be calculatedfrom the CFL resultsdependingon the model

that best representsthe data. The activationenergy (_) can be determinedby ALT

whenexperimentshave been runat severaldifferenttemperatures.The goodness-of-

fit of a modelto the data is determinedby a sum of the residualsmethodexpressed

as a percentageof CFL. This quantityis called ER and its value is used to determineif

the modeldescribesthe data adequately.

The ALT program contains four mathematicalmodels that can be used to

represent the data. The leaching mechanisms described by these models are:

1) diffusion through a semi-infinitemedium (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 _bserved in studies with various materials during develop-

ment of the test method [2]. Theoretical background for each mechanism is given in

Appendix A.
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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 ERvalue 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 tr'9 case of diffusion,

projections can also be made for full size cylinders. If the value of Ea 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 ,_achsampling 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.

Resultsof the ALT program are presented in several forms. Tables of data and

associated parameters (e.g. diffusion coefficient and ER)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 the 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 bo_een 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. Projectionsof future releases and for full-scale

waste forms can be made if the leaching mechanism is found to be diffusion.



RUNNING ALT
i

_EquiDmentNeeded to Run ALT

The ALT computer program is a compiled versionof a program written in Turbo

Basic. lt will run on IBM or IBM compatible personal computers and requires DOS 2.0

or better. 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 ali

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 methods. 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 to

use "screen grabber" programs. These can be obtained elsewhere and must be

compatible to the user's system.

Instal,na ALT_.

The ALT program requires approximately150 kilobytesof 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 FI.



A glossaryof terms can be found at the backof the leachtest methodalong

with an appendixthat containsdetailsof the modelsused inthe program. The

glossarycan also be found by pressingF1.

Usino the ALT Pro_or_m

The remainder of this report consistsof detailed instructionson using the ALT

program. The report is dividedinto sections,from A through M, which are based on

various functionsthat the programperforms. At the beginningof SectionsA, B, C, G

and H flow chartsare providedof the functionsdescribedin that section. Each

sectionis made up of a seriesof individualscreens,that are displayedon the comput-

er duringthe courseof runningthe program. These screens, whichare presented

one per page, are each dividedintotwo parts. The firstis a reproductionof the

contentsof the computerscreen, and the second is an explanationof what the user

mustdo, or what the computeris doing,at that point.
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SECT;ON A

ENTER NEW DATA

MULTIPLE SOURCE TERM DATA
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MAIN MENU

ENTER NEW DATA

I

I
SERIES TITLE

# OF DATA POINTS

# OF SPECIES

I
ISPECIES ABBREVlATIoN_

1
ILEACHATE VOLUME ]

SAMPLE DIAMETER

- SAMPLE HEIGHT

!
COUNTING

SAMPLE SIZE

ENTER DATA AS CPM I
CPM. SAMPLE

STANDARD CPM

li
CALCULATES CFL >

OPTIMIZES MODEL

1

CALCULATES

DIFFUSION
COEFFICIENT

I
CALCULATES
GOODHESS-

OF--FIT

l

f GENERATES
C GRAPFIS &':TABLES

- For Edit function _.:ee section O
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SCREEN lA

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

i

Enter new (raw) 4ata
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 modeled curve

Exit program

.... II
, r , , ,,,, ,

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 is the Mein 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 inputdata in the form of experimental results (e.g.,

countsper minuteor concentration).A varietyof other inputsare required,such as

heightand diameterof the solidsample,volume of leachant,and the number of

intervalsused.
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SCREEN 2A

Multiple source term data . , . . . . . . . Enter 1

Single source term data .......... Enter 2

To exit and return to main menu . . .... 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 tables and graphs that are produced from this data and will

help identify data flies that will be stored.
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SCREEN 4A

_ Enter # of Sampling Increments (max 50)

EXPLANATION

Enterthe number of samplingincrementsin the experiment.The standardtesthas 13
increments.

The programautomaticallynumbersdata as it is input,according to the sampling
increments.
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SCREEN 5A

Enter # of SPECIES (IE Sr, Cs, Co etc) (max12)

EXPLANATION

This input isthe numberof elementsorradionuclidesanalyzedin each set of leachate

samplesthat needto be addressedby the program. A maximumof twelvespecies

are allowedin each data file.
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SCREEN 6A

f
i ,l

Enter SPECIES ABBREVIATION (max 5 characters)

for species 1

EXPLANATION

Speciesabbreviationsare letters,numbersor combinationsof the two thatare usedto

identifyeach of the elementsor radionuclidesto be consideredby the wogram.

Entertheabbreviationfor each of the speciesas tile speciesnumberchangesinthe

prompton thescreen. A maximumof5 charactersisallowed.
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SCREEN 7A

jr

Enter I_ACHATE VOLUME (Liters)...

EXPLANATION

Enterthe volumeof leachatechangedat each samplingincrement. The standardtest
volumeis 3.0 liters.

19
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' SCREEN 8A

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

EXPLANATION

The times (in days) at which the samples are taken, relativeto the start of the test, are

input at this point. The default answer M 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 9A).

2O



SCREEN 9A

r

Enter time interval for sampling increment 1

?

EXPLANATION

If youselect"N"to answerthe defaulttimesprompt,then anotherpromptwillappear

askingfor the time interval(indays)for samplingincrement1. The sampling

incrementsnumberwill advanceas answersare provided. This processwill stop

when the numberof increments,input at SCREEN4A, is reached.

Time intervalsare numericalinputsinwholenumbersor decimaifractionsof days.

=
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SCREEN 1OA

Enter Sample Diameter (CM)...?

EXPLANATION

Enterthe diameter(incentimeters)of thesolidsamplethatwas leached.
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SCREEN' 1IA

Enter Sample }{eight (CM)...?

EXPLANATION

Enterthe height(incentimeters)of thesolidsamplethatwas 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 Factor...?

EXPLANATION

The source term multiplication 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 maoe, and 1 ml of that solution was diluted 1000-fold to produce the standard

that was counted. The multiplication factor would be L'-E:)O.
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SCREEN 14A

Enter data as counts pec minute for at increment i.

Input standard (cpm), sample (cpm)

EXPLANATION

The numerical values obtained by radionuclideanalysis are entered :_scounts per

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

sampling increrTlent. The increment will automatically incre._._seto the value that was

input on SCREEN 4A. When the number of incremerY,_fo_"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.

26



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/IN]

L

EXPLANATION

With ali of the data entered,the programcan nowperformthe calculationand

modelingfunction. Becausethis can take a significantamountof time, it is best to

check the valuesentered and makeany correctionsbeforethe calculationsbegin. If

you select"N" at the prompt, then the programautomaticallycalculatesthe

incrementalfractionleached,cumulativefractionleached,diffusioncoefficient,and

goodness-of-ftrvalues.

Ifyouselect"Y" at the prompt,thenturnto SCREEN1Gfor explanationof the EDIT
function.
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SCREEN 16A

Optimizing Parameters for Species #i

EXPLANATION

Thisprompt indicatesthat calculationsare being performed. A rapidlychanging

numberwill appearunder the lineof type as the calculationsproceed. Thisnumber is

increasedeachtime the programcompletesone set of summationsfor the model.

Whenthe calculationsare completed,the programreturnsto the MAINMENU.

28



SECTION B

ENTER NEW DATA,

SINGLE SOURCE TERM DATA

29
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MAIN MENU IENTER NEW DATA

I
ISINGLESOURCE TERMI

I
SERIES TITLE

# OF DATA POINTS
# OF SPECIES

I;ZA_.,T_lv0,u_l I"&,c.,;lvo_u_I

! I I _1I (cPu) I I (rag) ] ITIMESI
I

SAMPLE SIZEI
,,, !

ENTER DATA L ENTER DATA I

SAMPLE DIAMETER

_DJ" I

o

,, II
CALCULATES CFL )

OPTIMIZES MODEL

I

CALCULATES

DIFFUSION
COEFFICIENT

CALCULATES

k GOODNESS-
OF-FIT

I

// GENERATES )

GRAPHS &:: TABLES
'_,.

., For Edit function see section G
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SCREEN 1 B

i

Multiple source term data ...... Enter 1

Single 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 lA.

Single Source Term Data - Some data require only a sing]evalue for the source term

throughthe entireexperiment. The sourceterm can be in the form of countsper

minute (CPM) or as concentration(forstableelements). For somespecimensthat

containradioactivity,liquidstandardsmay not be available. In thiscase, the activityin

the specimenshouldbe calculated. This valuecan be inputas concentrationin the

singlesourceterm option.
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SCREEN 2B

Enter SERIES TITLE (max 40,chars)

EXPLANATION

Type inthe title that will be used to identifythe data set being entered; a maximumof

40 charactersis allowed.

This titlewillbe used on tablesand graphsthat are produced from this data and will

help identifydata files that will be stored.
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SCREEN 3B

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

EXPLANATION

Enterthe number of samplingincrementsinthe experiment;the standardtest has 13
increments.

The programautomaticallynumbersdata as it is inputaccordingto the increment.
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SCREEN 4B

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

EXPLANATION

Thisinput isthe number of elementsor radionuclidesanalyzedlr_each set of leachate

samplesthat needto be addressedby the program. A maximumof twelve (12)

speciesare allowedin each data file.
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SCREEN 5B

Are measurements in concentration or counts/min?

CONe/(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.

Howev9r, 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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SB

Enter species abbreviation, (max 5 characters) for species
1

EXPLANATION

Species abbreviationsare letters, numbers, or combinationsof 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 7B

Enter leachate volume (liters)...

EXPLANATION

Thisis the volumeof leachatechangedat each samplingincrement. The standard
test volumeiS3.0 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, relativeto 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, !.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).

oo
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SCREEN 9B

Enter time interval for sampling increment 1

?

EXPLANATION

If you select "N" to answer the defaulttimes prompt, another prompt appears asking

for the time interval(in days) for samplingincrement1. The samplingincrement

numberwilladvance as answersare provided. This processwillstop when the

numberof intervals,inputat SCREEN 4B, is reached.

The time intervalsare numerical inputs in whole numbers or decimal fractions of days.
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SCREEN 1OB

Enter SOURCE TERM (CPM) for species .... ?

EXPLANATION

Use this page only ff 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.
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SCREEN 11B

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

EXPLANATION
i

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

Enter data as counts per minute for at interval i.

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 automaticallyswitch to the next species.
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SCREEN 13B

Enter source term (mg) for series

?

EXPLANATION

Usethispage only ff you selected"CONC"at SCREEN5B.

The sourceterm is the amountof a species(in r,Jilligramsfor eachspecies)that was

originallycontained in the solid sampleat thestart of the leach test. Enterthe source

term for each speciesafterthe prompt for that species.

43



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

Enterthe diameter(in centimeters)of the solid samplethat was leached.
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SCREEN 16B

t

Enter Sample Height (CM)...?

EXPLANATION

Enter the height (in centimeters) of the solid sample that was leached.
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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 te avoid re-running
the optimization.

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

EXPLANATION

With ali of the data entered, the program can now perform the 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 selected "N" at the prompt, then the program automatically calculates

the incremental fraction leached, cumulative fraction leached, diffusion coefficient, and

goodness-of-fitvalues.

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

Thisprompt indicatesthatcalculationsare beingperformed. A rapidlychanging

numberwill appear underthe lineof type as the calculationsproceed. This numberis

increasedeach time the programcompletesone set of summationsfor the model.

Whenthe calculationsare completed,the programreturnsto the MAINMENU.
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SECTION C

ENTER DATAAS

CFL vs TIME
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I MAIN MENU
ENTER DATA AS CFL

1
SERIES ,TITLE

# OF DATA POINTS
# OF SPECIES

ISPECIES ABBREVIATION]

t
• TIMES

i

SAMPLE DIAMETER
I SAMPLE HEIGHT
I

I ,

I ENTER DATA I
AS CFL

 _NO
CALCULATES CFL "_

OPTIMIZES MODEL
,J

I

CALCULATES j/_

DIFFUSION
COEFFICIENT

I
CALCULATES
GOODNESS-

OF-FIT

I

( ')GENERATES
GRAPHS & TABLES

For Edit function see section G
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SCREEN lC

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

Enter new (raw) data
Bnter data as CFL vs Tim_
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

by
Brookhaven National Laboratory
Low-Level Waste Research Group

Upton_ N.Y. 11973

, , .. , . I,, , '

Press F1 for help and definitions

EXPLANATION

EnterData As CFLvs Time - Selectthisfunctionifdataisalreadyavailableas

cumulativefractionleached,whichallowseasierinputthanwiththe "newdata"
function.
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SCREEN 2C

To enter data ..... . . . . Enter 1

To exit to main menu ...... Enter 2

Enter your choice

EXPLANATION
J

Select"1"to enterthe pathway,allowinginputof dataintheformofcumulativefraction
leached. Select"2"to returnto theMAINMENU.
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SCREEN 3C

Enter SERIES TITLE (max 40 characters) +

EXPLANATION

Type in the title that willbe usedto identifythe data set beingentered. A maximumof

40 charactersis allowed;you cannottype beyondthe plus sign.

This titlewill be usedon tablesand graphsthat are produced from this dataand will

help identifydata filesthat will be stored.



SCREEN 4C

Enter # of Sampling Increments (max 50)

EXPLANATION

Enterthe numberof samplingincrementsin the experiment;the standardtest has 13
increments.

The programautomaticallynumbersdataas it isinput accordingto the increments.



SCREEN 5C

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

EXPLANATION

Thisinput isthe numberof elementsor radionuclidesanalysesin each set of leachate

samplesthat need to be addressedby the program. A maximumof twelve speciesis
allowedin each data file.
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SCREEN 6C

Enter SPECIES ABBREVIATION (max 5 characters)
for species i

EXPLANATION

Speciesabbreviationsare letters,numbers,or combinationsof the two that are used

to identifyeach of the elementsor radionuclidesto be consideredby the program.

Enterthe abbreviationfor each of the speciesas the speciesnumberchanges in the

prompton the screen. A maximumof 5 charactersis allowed.
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SCREEN 7C

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

EXPLANATION

The times (in days) at which the samples are taken, relativeto the start of the test, are

input at this point. The default answer M 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 increment1. The incrementnumber willadvanceas

answersare provided. This processwillstopwhen the number of increments,inputat

SCREEN 4, is reached.

The time intervals are numerical inputs in whole numbersor decimal fractions of days.
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SCREEN 90

Enter Sample Diameter (CM)...?

EXPLANATION

Enterthe diameter(in centimeters)of the solid samplethatwas leached.
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SCREEN 10C

Enter Sample Height (CM)...?

EXPLANATION

Enterthe height (in centimeters)of the solidsamplethatwas leached.
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SCREEN 11C

Enter CFL for ... at sampling increment 1

Input CFL ...

EXPLANATION

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

samplingincrementshownon the prompt. The incrementwillautomaticallyincrease

to the value inputat SCREEN 4C. When the numberof samplingincrementsfor the

firstspecies has been completed,the species namewillautomaticallyswitchto the

nextspecies.

61

i



SCREEN 12C

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

Withali of the data entered,the programcan now performcalculationand modeling

function. Becausethis functioncan take a significantamountof time, it is bestto

check the valuesenteredand make any correctionsbeforethe calculationsbegin. If

you answered "N" at the prompt, thenthe programautomaticallycalculates

incrementalfraction leached,cumulativefraction leached,diffusioncoefficient,and

goodness-of-fitvalues.

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 parameters for species #i

EXPLANATION

Thispromptindicatesthat calculationsarebeingperformed. A rapidlychanging

numberwill appearunder the lineof type as the calculationsproceed. This number is

increasedeachtimethe programcompletesone set of summationsfor the model.

Whenthe calculat;,_nsare completed,the programreturnsto the MAINMENU.



SECTION D

RETRIEVE A DATA SET

65



SCREEN lD

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

"' , _ , ,

II

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

St?re a data set II
Prlnt a flnal data set II
Edit data II
To add data to a file U
Plot data H
Plot comparison H
Determine De at Temp. II
Extend modeled curve H

Exzt program I, ,_ ,,:

.....
,

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

RetrieveA Data Set is selectec_inorderto takea data setfrom a floppydiskor a

harddiskand bringitintothe"ALT"programfor use.
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SCREEN 2D

This section is used to re-input previously
stored data _sets.

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

EXPLANATION

If you need a directory of the disk, type _." A 0istingof the flies 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 allowed. 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.
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SCREEN 4D

Enter new drive: kpathway\

EXPLANATION

This prompt allows the user to change the disk drive from wtlich data is retrieved, lt

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.



SECTION E

STORE A,DATA SET
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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
Store a data met
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 isselectedto createa fileand storeit on eithera floppydiskor a

harddisk.

7_



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 .WKStype 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 flies 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).o.

EXPLANATION

Enterthe nameof the file to be used in storingthe data. lt cannotbe more than 8

characterslong and may consistof numbersand/or letters. Whenthe file is entered

and stored,the program returnsto the MAINMENU.



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.

i,

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

Print a final data set allowsthe user to either view the file currently in the working

memory or to print itout.
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SCREEN 2F

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

EXPLANATION

Enter "S" or just press ENTERto 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.

79



SCREEN 3F

Cs-137 Cement/5 wt% Sodium Sulfate/lxl/3.0L DIW Diffusion Model
Leaching data for A Diffusion coefficient =

1.33E-07

# Time(d) IFL CFL Y-axis intercept =
-0.24E-02

--[ 0.08 7.09E-02 7.09E-02 relative error in fit =
2 0.29 6.39E-02 1.35E-01 0.55 %
3 1.00 1.30E-01 2.65E-01
4 2.00 1.03E-01 3.68E-01 Dissolution Model
5 3.00 6.42E-02 4.32E-01 _tandard deviation=
6 4.00 5.40E-02 4.86E-01 3.78E-02

7 5.00 3.58E-02 5.22E-01 average IFL =
8 6.00 3.51E-02 5.57E-01 4 78E-02
9 7.00 2.89E-02 5.86E-01 variance =

I0 8.00 2.23E-02 6.08E-01 79.05
11 9.00 2.06E-02 6.29E-01
12 10.00 1.43E-02 6.43E-01 Partition Model
13 11.00 1.72E-02 6.60E-01 Diffusion coefficient =

2.34E-07
Partition Constant =
0.82

Press any key to continue relative error in fit =
0.16 %

i

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

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

dissolution model is acceptable.

80



SECTION G

EDIT DATA
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I MAIN MENU ]ED;T DATA

EDIT SPECIFICATIONS EDIT DATA ARRAYS

CFL FILE TYPE CFL FILE TYPE

DIAMETER SPECIES VARIABLE
HEIGHT NAME NUMBER

SINGLE SOURCE TERM

SINGLE SOURCE TERM
LEACHATE VOLUME

HEIGHT -- SPECIES VARIABLE
COUNTING SAMPLE VOLUME NAME NUMBER

DIAMETER
SOURCE TERMS

MULTIPLE SOURCE TERM MULTIPLE SOURCE TERM

LEACHATE VOLUME SPECIES VARIABLE
HEIGHT NAME NUMBER

COUNTINGDIAMETERSAMPLE VOLUME

SOURCE TERM FACTOR

CALCULATES CFL
OPTIMIZES MODEL

,!
CALCULATES
DIFFUSION

COEFFICIENT

I

CALCULATES

GOODNESS-
, OF--FIT

!
GRAPHS & TABLES

82



SCREEN 1G

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 F1 for help and definitions

EXPLANATION

Edit I;ata isusedto makecorrectionsin the variousinputsgivento the program. You

canaccessthe editfunctionthroughthe"EditData"_electiononthe MA_.;MENUor

_hroughthedataentryfLmctions,justbeforetheoptimizationsequencebegins.

_ 83

' ' _, ' ri9,, WllX, " ,llll','l'_l'pI ' ' " ml'r+l '



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: SAMPLEPARAMETERSand ARRAY DATA.

Select the type of data to edit at this screen. The parameters, contained in tho 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.

P-3rametersconsistof items,such as diameter, height, source term factor, and

countingsamplesize. Arraydata consistsof the actual leachingdata erranged in

arraysof speciesversus intervals.
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The program will automaticallydisplay the prompts necessary for the various types of

data. For data that was entered as CFL, use SCREENS3G to 5G. For data that was

a sinnle source term, _ee SCREENS6G to 8G. For data with multiple source terms

see SCREENS9G to 12G.

=
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SCREEN 3G

CFL only data

Parameter Entry # Current value

Sample diameter ............. Enter 1 ................ 2.50cm.

Sample height ............... Enter 2 ................ 2.50cm.

To end editing .............. Enter 3 .................

Enter your choice...

Old sample diameter was 2.50 cm.

Enter new value...

EXPLANATION

When the data was input as CFL (cumulativefractionleached), the editingfunctionfor

parameters allowschangesonly in diameterand height. Other valuesdo not exist in

the file. After ,/ou providethe answers to the "ENTER YOUR CHOICE" prompt, the

program indicateswhat the old valuewas and displaysthe "ENTER NEW VALUE"

prompt. After completir_gany necessaryediting,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 Species #

Time 1

Na 2

Ca 3

K 4

Cs137 5

Co60 6

Srg0 7

To exit editing ................ 8

Enter species # to edit ............

EXPLANATION

When editing the ARRAY data for data that was input as CFL (cumulative fraction

leached), you must define the species that is to be edited. In the example shown

above, the species 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

/,,

t

• / ,' Cs137
I,

/ _ V.7254E-02
2 I. 0669E-01

3 i. 6119E-01

4 2. 0675E-01

5 2.4302E-01

6 2.7245E-01

7 2.9752E-01

8 3. 1907E-01

9 3. 3709E-01

i0 3. 5512E-01

ii 3.7202E-01

12 3.8673E-01

Enter 51 to end editing
Enter observation # to change...2
Old 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 ca,_e)to be changed. The
I

program will then display the old value along with a prompt 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.
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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 .......... 7.00 cm.

Source terms ........... Enter 4 .... (various values)

Counting _sample size.•• Enter 5 ..... 3.0 millillt,:rs.

To end editing ......... Enter 6

Enter your" choice 2• • • . • • • • •

Old sample diameter was 4.00 cm.

Enter new value ........... 7

EXPLANATION

With data that was entered as New (raw) data, single source term, 5 parameters

can be edited,as shownabove. Enter the number (Entry#) of the parameterto be

changed. The currentvaluesare displayedon the rightside of the screen. For

source terms, the currentvalueswillbe listedwhe_ "4" is entered. After the Entry #

of the parameterhas been entered, the old valuewillbe displayedon the screen along

withthe prompt Enter new value...? When the new valuehas been entered, itwill

autor_-aticallyreplacethe old valuein the workingfile.
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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 7G

Single source term file

Name Variable #

Time 1• • . • . • . • . • . • • • . •

Cs137 ................ 2

Sr90 . . .............. 3

Na ................. 4

To exit editing ........... 5

Enter variable # to edit...

EXPLANATION

Datastored in an arrayfrom singlesourceterm filesare displayedas shownabove.

Seleccthe nameof the speciesto be editedby enteringthe appropriate"SPECIES#.",,
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SCREEN 8G

CsI37CPM
[

1 5. 5000E+OI

2 4 °4000E+OI

3 7. 6000E+OI

4 3. 5000E+01

5 4. 5000E+OI

6 6. 5000E+OI

Enter 51 to end editing

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

Enter new value...

EXPLANATION

When the speciesselectionis made as shownin SCREEN 7G, the data set for that

speciesis then displayedas shownabove.

Enter the observationnumber (in this case select from 1 to 6) to be changed. The old

valuewillbe displayedand a promptto Enter N_)wValue... 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 literso_oooooooooo oooooooooo • •

Sample diameter ............ Enter 2 .......... 2o50 cm.

Sample height Enter 3 5 0 cmoooooooooooooo oooooooooo • •

Counting sample size... .... Enter 4 .......... 3 ml.

Source term factor ......... Enter 5 .......... 3333

To end editing ............. Enter 6

Enter your choice .......... 3

Old sample diameter was 5.00 cm.

Enter new value .......... .

EXPLANATION

With data that was entered as New (raw) data, multi-source term, 5 parameterscan

be edited,as shown above. Enterthe number (Entry#) of the parameterto be

changed. The current valuesare displayedon the rightside of the screen. Afterthe

Entry # of the parameter ha_ been entered, the old valuew_lbe displayedon the

screen alongwith the prompt Enter new value...? When the new value has been

entered, it willautomaticallyreplacethe old valuein the workingfile. The Enter Your

93



Choice prompt will remain to allow more editing. Enter "6" to end this editing function.

The file must be re-optimized (which is done automatically, see SCREEN 13G). If

desired, changes can be saved byselecting "Store a data Set" in the Main Menu.
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SCREEN lOG

Multiple source te_m file typeI

Name Species #

Time ................ 1

CsI37CPM ................ 2 Cs137 Std ................ 3

Sr90 CPM 4 Sr90 Std 5

Na CPM ................ 6 Na Std ................ 7

Ca CPM 8 Ca Std 9• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

/

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

Enter species # to edit...

EXPLANATION

Array data from multiplesourceterm data are displayedas showninthe example

above. Selectthe speciesto be editedby enteringthe appropriate"species#."
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SCREEN 11G

CS137 CPM

1 4.000E+01
2 5.000E+01
3 ?.000E+01
4 6.000E+01
5 7.000E+01
6 7.000E.01

Enter 51 to end editing
Enter observation # to change ...2
Old value was 5.00E+OI
Enter new value...?

EXPLANATION

By selectingspecies# 2 at SCREEN10G,theNadata isdisplayedas shownabove.

Enterthe observationnumber(inthiscasea numberfrom1 to6) to be changed.The

oldvaluewillbe displayedalongwiththepromptEnterNew Value... Whenthe new

valuehasbeenentered,itwillautomaticallyreplacethe oldvalueinthe workingfile.

Enterobservation# to change...;the promptwillremainto allowmoreeditinguntil

you enter"51" to endthi._eaitingfunction.

The file must be re-optimizedand savedafterchanges have beenmade.
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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 ali cases, after you finishediting,the programdisplaysthe messageshown above.

This prompt allowsyou to returnto editing if necessary;if editing is not needed, the

data set is automaticallyre-opti_'nized.
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SCREEN 13G

Optimizing model parameters for species #1

EXPLANATION

Thispromptindicatesthatcalculationsare beingperformed.A rapidly changing

numberwillappearunderthe lineof typeasthecalculationsproceed. Thisnumberis

increasedeachtimetheprogramcompletesonesetof summationsfor themodel.

Whenthe calculationsarecompleted,the programreturnsto the MAINMENU.
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SECTION H

TO ADD DATA TO A FILE
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MAIN MENU I
ADD DATA TO A ,FILE I

r

_ _T..o,.,4
l TO,,.,{).__J

I
lT'ME'NTERVAL!

/_ ,

' I {)A'rA AS CFL

LEACHATE ] ISAMPLE DIAMETER I I LEACHATE

I SAMPLE HEIGHT ] IVOLUME j VOLUME I

, &
I,% °', _o.r,._--lc'"

l souRcETERMI ENTEROAT*-- ISOU"C'EI ISO0"CEIMULTIPLICATIONI I AS CF'L I
FACTOR ! 'T"1

I E.TEROATAI IE"TERDATA! OO0""NO(STp.SAM_LE>J I AS_/L I I_':'_'_
SIZE

I I
Io,_,_T._._I__:_1

i

DIAMETER
HEIGHT

I

... .....
CALCULi'rES CFL "_

OPTII_IZES MODEL

I

CALCULATES )

DIFFUSION
COEFFICIENT

I

'_ CALCULATES )

GOODNESS--
OF--FIT

I
GRAPHS _ TABLES

- For EcJit function see section G
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SCREEN 1H

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

I , ,,,, ,,,, ,u!

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

Usethisfunctionto add datato fliesthat previouslyhavebeenstoredwiththe "ALT"

program. The programallowsthe user to place additionaldata points after the last

one that is alreadyin the file.
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SCREEN 2H

J

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 usedto update data that was previouslystored, the filemust

be taken from eithera floppydisk or a hard disk.

In this screen,the programasks ifthe user needsto view a directoryof the disk. If

'_f" is entered,a directoryis displayedon the screen. If "N" is entered, the program

proceedsto SCREEN 3H.
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SCREEN 3H

,, , h,

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

EXPLANATION

Enterthe nameof thefileto be calledupfromthedisk. A maximumof8 charactersis
allowed.
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3CREEN 4H

samplingEnter # of increments to add...

5XPLANATION

Enterthenumberof samplingincrementsthatareto be addedto the existingdataset.
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SCREEN 5H

Enter time interval for Sampling Increment...15

?

l

EXPLANATION

Enterthe amountof time(in days)betweenthe lastsamplingincrementand the one

beingentered. Inthe exampleabove,thepromptis for samplingincrement15. This

valuewillbe increasedautomaticallybasedon the lastintervalcontainedintheexisting

fileandthenumberof datapointsenteredat SCREEN5H.
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SCREEN 6H

Is new data from (I) single source term

(2) Multi-source

(3) CFL oLly

Enter your choice...

EXPLANATION

Enterthe formin whichthe new data will be input, lt does not matterwhat form the

previouslystored data is in.

Use (1) "Singlesource term",when a number of data pointsfor the same species use

a precalculatedsourceterm thancan be enteredas a discretequantity. See

SCREENS 7H-13H.

Use (2) "Multi-source",when each new data pointrequiresits own accompanying

referencevaluefrom whichthe sourceterm is recalculated(thisis most often used

withshort half-liferadioisotopes). See SCREENS 14H to 19H.

Use (3) "CFLonly",when the data isto be enteredas cumulativefraction leached,and

therefore,requireslittleadditionaldata from whichcalculationscan be performed. See

SCREENS 20H to 23H.
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SCREEN 7H

Enter Leachate volume (liters)...

EXPLANATION

Thisscreenappearsonlyfor singlesourcetermdata.

Enterthe volumeof leachateusedduringthe samplinginterval. Thestandardvolume
for the AcceleratedLeachTest is 3.0 liters.
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SCREEN 8H

i,

Are measurements in concentration or counts/min?

[CONC ]/CPM...

EXPLANATION

Thisscreenappearsonlyfor singlesourcetermdata.

Calculationsare slightlydifferentif thedatais incounts-per-minuteor in concentration

(rag/I). ThefollowingscreensareforCPM,but"CONC"willalsobe discussedinthe

explanations.
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SCREEN 9H

Enter Source Term (CPM) for species... Cs137

i

EXPLANATION

Thisscreenappearsonlyfor singlesourcetermdata.

Enterthetotaloriginalamountof activityat thestartof leachingfor the species

indicatedintheprompt.For radioactivematerial,thisis enteredascounts-per-minute.

Fordatathatareenteredasconcentration,enterthe sourcetermas milligrams.
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SCREEN 1OH

Enter counting sample volume (milliliters)...

EXPLANATION

Thisscreenapp,mrsonlyfor singlesourcetermdata.

Fordatathatare enteredas "CPM"it is necessaryto knowthevolumeo,aliquot that

'isanalyzed.No equivalentpromptappearsfordataenteredas "CONC."

110

r'



SCREEN 11H

Enter data as counts-per-minute for Cs137 at increment #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/I).
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SCREEN 12H

Enter sample diameter (cm)...?

Enter sample height (cm)...?

EXPLANATION

This screenappearsonlyfor singlesourceterm data.

For data in eitherform,enterthe diameterof the solidsamplein centimeters.Atthe

nextprompt,entertheheightof the solidsampleincentimeters.
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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

Thisscreenappearsonly for singlesourceterm data.

At the end of the '_oadd date to a file"function,the file isre-optimized.The optionis

given to edit the data. If you select"N," the programre-optimizesthe model to

calculatethe best-fitdiffusioncoefficient.

The newfile mustbe savedmanuallythroughthe MainMenu. You cansaveit after

the modelingfunctionisfinished.
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SCREEN 14H

Optimizing modeling parameters for species #i

EXPLANATION

This prompt indicatesthat calculationsare being performed. A rapidly changing

numberwillappear under the lineof type as the calculationsproceed. This number is

increasedeach time the programcompletesone set of summationsfor the model.

When the calculationsare completed,the programreturnsto the MAIN MENU.
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SCREEN 15H

Enter Leachate volume (liters)...

EXPLANATION

Thisscreenappearsonlyfor multiplesourceterm data.

Enter the volumeof leachateused during the samplinginterval. The standardvolume

for the AcceleratedLeachTest is 3.0 liters.
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SCREEN 16H

Enter sample diameter (cm)...?

Enter sample height (cre)...?

EXPLANATION

Thisscreenappearsonlyfor multiplesourceterm data.
e

Enterthe diameterof the solidsamplein centimeters.At thenextprompt,enterthe

heightof the solidsamplein centimeters.
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SCREEN 17H

Enter source term multiplication factor...?

EXPLANATION

Thisscreenappearsonly for multiplesourceterm data.

Enterthe sourceterm multiplicationfactor. Thisisthe factorby whichthe original

sourcesolutionwasdilutedto makethecountingstandard.Forexample:3 mlof

tracerwereaddedto a specimenwhenitwasmade,and 1 ml ofthatsolutionwas

diluted l O00-foldto producethe standardthatwascounted.The multiplicationfactor
wouldbe 30(X).
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SCREEN 18H

Enter data as CPM for Cs137 at interval 5

Input standard (CPM), sample (CPM)

EXPLANATION

This screenappearsonlyformultiplesourceterm data.

The numericalvaluesobtainedby radionuclideanalysisareenteredas countsper

minute(CPM). Thefirstlineof theprompttellswhatspeciesis beingenteredandthe
interval.

Input is in the form ofCPM and isenteredasthecountsfor thestandardand then the

countsfor thesample.Theyare separatedby a commc.
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SCREEN 19H

The modeling function will be performed next.

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

Do you wish to edit the data? Y/IN]

EXPLANATION

At the endof the 'to add data to a file"function,the file is re-optimized.The optionis

givento edit the data. If you select"N,"the program re-optimizesthe modelto
calculatethe best-fitdiffusioncoefficient.

The newfile must be saved manually. Youcan save it throughthe Main Menu after

the modelingfunctionis completed.
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SCRF.EN 20H

Optimizing model parameters for species #1

EXPLANATION

Thispromptindicatesthat calculationsare beingperformed.A rapidlychanging

numberwill appearunder the lineof type as the calculationsproceed. Thisnumber is

increasedeach time the programcompletesone set of summationEfor the model.

Whenthe calculationsare completed,the programreturnsto the MAINMENU.
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SCREEN 21 H

Enter sample diameter (cm)...?

Enter sample height (cm)...?

EXPLANATION

Thisscreenappearsfor dataenteredas CFL.

Enterthe diameterof the solidsamplethat wasleachedincentimeters.At the next

prompt, enter the heightof the solid samplein centimeters.
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SCREEN 22H
,L

-- , " _ " ' "

L

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

Input CFL...

i

EXPLANATION

This screen appears only for data entered as CFL.

Enter the data, in the formof cumulativefractionleached (CFL), for each species that

is indicatedin the promptfor the intervalthat is indicated. Data must be inputas a

decimal fraction.

I
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SCREEN 23H

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 screenappears 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 th3 Main Menu after the

modeling function is completed.
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SCREEN 24H "

Optimizing model parameters for species #1

EXPLANATION

Thispromptindicatesthat calculationsare beingperformed.A rapidlychanging

numberwillappearunderthe lineof typeasthecalculationsproceed. Thisnumberis

increasedeachtimetheprogramcompletesone setof summationsfor the model.

Whenthe calculationsarecompleted,the programreturnsto the MAINMENU.
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SECTION I

PLOT DATA
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SCREEN 11
J

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

,,,,, , _ ,,,, II , ,,

i , , i i ' i i i 11 ii 'iii i i[_ i ii i i i Hl

Developed for
DOE National Low-Level Waste Management Program

by
Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973

........ ,,, , , , ,, ,, i, _ ,, ,,

Press F1 for help and definitions

EXPLANATION

Thisfunctionis usedtoproduceon-screenplotsof the data in the form of cumulative

fractionleached. Beforeyouselectthe plottingfunction,datamustbe presentinthe

workingmemoryof theprogram. If no data is present,a warningmessagewillbe

givenandthe userwillbe returnedto the MAINMENU.

126



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 mathematicalmodels, the DiffusionModel, 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 already 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 ali 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 31

xlgt-J. $odiu.leo. Ce.ent_XSodiumSulfate
8

6.4

C4.8

3,2

1.6 _ Diffusion_del50C
De:1.44E-;/

_elativeel,_z, in fit : 0._5Y.
I l I I

9 4 8 12 16 29
TiNe(dags)

Peessangkegtocontinue

EXPLANATION

This is an example of a set of data plotted by ALT usingthe DiffusionModel. lt is in

the form of cumulativefraction leachedplotted againsttime. The Y-axisvaluesare

plottedas multipliedby _10"1),Whichis shownat the upper left side of the plot. The

programautomaticallyselectsrangesof the data to plot. The title (as entered in

SCREEN 3A, for example) is printedat the top of the graph. The speciesof the data

(as entered in SCREEN 6A) is printedat the lower right, alongwiththe name of the

model, the optimizeddiffusioncoefficient,ond the relativeerror in fit (ER). The data

are plotted as individualpoints, and the best fit model curve is plotted as a line

throughthe points. Pressingany key willadvancethe programto the nextspecies

that is to be plotted. When plotsof ali speciesfromthe data file havebeen displayed,

the programreturnsto the MAIN MENU.
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SCREEN 41

xlgt-3 Calcitmt'z,o,cemnt/sulfateat 55 C1x13I,
5

m

D m ez

4 --._ . _ . r
• m

3
I

LZ .°=

I - Dissolution Model
¢al
$tanda_Deviation : 3,g8E-94
Coe@ficientof Oariation = 7,92

9 I i i I'

9 2,4 4,8 ?,2 9,5 12
TiNe (days)

Pressanykeyto continue

EXPLANATION

This is an example of a set of data plotted by ALT using the Dissol_JtionModel. lt is in

the form of incrementalfractionleachedplottedagainsttime. The program

automaticallyselects rangesof the data to plot. The title (asentered in SCREEN 3A,

for example) is printedat the top of the graph, The speciesof the data (as entered in

SCREEN 6A) is printedat the lowerleft side as is the mean,the standarddeviation,

and coefficientof variationof the distributionabout the mean. The data are plottedas

individualpoints,and the mean (excludingthe firsttwo data points) is shown as a

horizontalline. Pressingany key willadvance the programto the next speciesthat is

to be plotted. When plotsof ali speciesfrom the data file have been displayed,the

pr(_ am returnsto the MAIN MENU.
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SCREEN 51

l

xJ.Bt-I Cs-13?Ce_ent/15vt?,As)v'lxl/3',OLDII4/l)ailg/55C PA3OCI
8 -

, ql,_,_l,m*+"_g'_ll

6,4

C4,8
F

I'3, 2

: Pax,ti_ion Hode]

,J,,6 C IDe: 9,94E-67 '
Paetition: 0,73

ee_,,ativeeex,oein fit : 0,21 y, ti

1 i 1 I
12 16 29

9 4 8 Ti_e(da_,:)
, Peess_n9kegto continue

EXPLANATION

This is an example of a set of data plotted by AL.Tusing the PartitionModel. This

model combinespartitioningof the sourceterm withthe diffusionmodel, lt isin the

form of cumulativefractionleachedplotted againsttime. The programautomatically

selectsranges of the data to plot. The title (as entered in SCREEN 3A, for example)is

printedat the top of the graph. The speciesof the data (as entered in SCREEN 6A) is

printedat the lower right, as is the name of the model, the optimizeddiffusion

coefficient,the partitionfactor and the relativeerrorin fit (ER). The data are plotted as

individualpointsand a bestfit modelcurve is plottedas a line through the points.

Pressingany key willadvance the programto the nextspeciesthat is to be plotted.

When plotsof ali speciesfrom the data filehave 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 t_ highlight your choice, thon press enter to
choose it.

Enter new (raw) data g

Enter data as CFL vs Time U
Retrieve a data set II
St?re a data set II
Prlnt a flnal dnta set R
Edit data . II
To add data to a f11e g
Plot data H

Plot c?mpazis,on U
Determzne De at Temp. II
Extend modeled curve U

 x t,ro r.m II_- ,, , ,, ..... i,, ,,,, " , , ,, ""d' , |
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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 comparisonfunctionis used to generatean on-screenplot of the

experimentaldata (in the form of cumulativefractionI,_ached)versusthe CFL

calculatedby the model. This functionallowsa graphicalcomparisonof the two data

sets, onlyby usingthe diffusionmodeland the partitionmodel.
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SCREEN 2J

To plot Experimental CFL

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

To plot Adjusted CFL

vs M0deled CFL (Partition) ..... Enter 2

EXPLANATION

Thisscreenallowsthe userto selectbetweenthediffusionmodeland the partition

model,to generateplotscomparingthe modelresults(Y-Axis)andtheexperimental

data(X-Axis).To usethisfunctiona modeleddatasetmustalreadybe inthe

program'sactivememory.
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SCREEN 3J

xlgt-i Sodiu. f_o. Ce.ent%5_SodiueSulfate
t .H ....

,m

.i o

i. m
d_

M3,2 _-
O "_ JQ°

d ,.,_,

e d
12,4 ,.,_

o.o
d .,o°

t,6 ,-'_
_ ,.l '_

F
L _"°°

,8 = '" Diffusion_ode
,.,'_ 29 C

.. _ De=2,63E-08
l,elative el._ol,in fit = _,02 Y,

,, ,.4 I I I I

0 ,8 1,6 2,4 3,2 4
Expel,iMentalCFL xl_t-I
Press anykey to continue

EXPLANATION

This is an example of a graph generated by the plot comparison function. The

cumulativefractionleached(CFL)generatedfromexperimentaldataison theX-axis

while the CFL generated by the model is on the Y-axis. If the fit between the two were

perfect,the pointswouldfall_exactlyonthe dottedline. Deviationsof the fitcanbe

observedonthisplot,showingwherethemodelandexperimentaldatado not

correlate very weil. The title of the data set is printed at the top of the graph. The

species, the best f'd diffusion coefficient, and the relative error of the fit between the

modelandthedataaredisplayedatthe lowerrightof theplot.

The dotted line, indicatinga perfect fit, does not necessarilypass through the origin, lt

is adjusted with a Y-intercept valua.
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SECTION K

DETERMINE De AT TEMP.
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SCREEN 1K

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
Dotermlne De at Temp.
Extend modeled curve
Exit program

," ii i j ,:_
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Developed for
DOE National Low-Level Waste Management Program

by
Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973
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Press F1 for help and definitions

EXPLANATION

Thisfunctionisusedto calculatetheequation_f the lineand the correlationcoefficient

for the relationshipof logdiffusioncoefficient(Do)to reciprocaltemperature(1/T(K)).

This is the Arrheniusfunctiondescribedby the equation:

D," A exPl_T )
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where A is a pre-exponentialfactor, E=is the activationenergy, R isthe gas constant

and T istemperaturein degrees kelvin.
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SCREEN 2K

This section is usedto calculate an equation of the form
Y = mX + b for Arrhrenius plots of natural log(in) De
versus I/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 # i...

EXPLANATION

To performthe calculation,the usermustenterexperimentaltemperature(indegrees

centigrade)and De (crr_/sec). A minimumof threedata sets,enteredas temperature

andthenDe,separatedby a commaarerequired.Whenalidataare entered,press

"ENTER"to startthe calculations.Enteringa valueofzerofor D, willalsoenddata

entryand startthecalculations.
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SCREEN 3K

Enter Temperature (°C), Diffusiori coefficient (cm)/sec...
Hit return (zero for De) to enddata 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, Ea (in kcal/mole) is calculated from the slope of the

line. If it is desired, enter "Y" to calculate a De 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 youenter'_," theprogramwillusethecalculatedbestfit lineto estimatea new De

valuefor the temperatureentered.Thiscalculationis extrapolatedfromthe linear

equationusedto describetheArrheniusfunction.If youenter"N,"theprogram
returnsto the MAiNMENU.
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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 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

,,,, , ,,i , ,,, ,

Developed for
DOE National Low-Level Waste Management Program

by
Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973
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Press F1 for help and definitions

EXPLANAT, ON

The Extend Modeled Curve functionallowsthe user to project data as a functionof

time usingthe diffusionmodel. This modelcan also calculatereleasesfrom different

sized samples. In thisway releasesfromfull-scalewaste formscan be estimated.

This function should only be used if the goodness-of-fitvalue (ER)indicatesthat

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 i00 days.

EXPLANATION

Enterthe number of daysto whichthemodelis to calculatethe diffusioncurve. The

programautomaticallydefaultsto 100days, and it will use the diffusioncoefficientof

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

Afteransweringthe promptonthepreviousscreen,enterthediameterand height,in

centimeters,of thesolidsample.The programwilldefaultto thesizeof thesample

usedinthe experimentaldataheldintheworkingmemory.
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SCREEN 4L

Sodiumfz,oNCe_nt\SXSodiunSulfate
I

,8

L,4 "

,2 Height= '2,5cn 20C
Dianete_= 2,5 on De=2,63E-08
nt t= 109dags, CFL=0,8369

O! , , l I
0 20 40 60 80 188

Tine(daqs)
•P_ess[PIPlot anothe_line, [C] Continue_o nextspecies o_ IRIReturnto nenu

EXPLANATION

Withthe informationfromSCREENS2 and3 andthe dataheldintheworking

memory,theprogramwillgeneratea plotofcumulativefractionleached(CFL)versus

time(indays). Theseriestitleof thedatasetappearsat thetop. TheX-axisextends

to the time(t) definedinSCREEN2L andtheCFLcalculatedfor thattimeperiodis

alsodisplayed.The height,diameter,speciesnameandthe diffusioncoefficientare

displayedontheplot. The programwillautomaticallyproducegraphsforeachdata

speciesin thefile.
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SCREEN 4L _,Continued

A prornp'cis 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 SL.
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SCREEN 5L

Soditmt_o. CeNent_y,SoditmSulfate
1

,8 "

C,6"

,2
Height: 2,5 ,c. 28C
Dia.etel.= 2,5 c. De=2,63E-88
At t:388 dags, CFI,=8,9854

e e 6'o 12e _. 2_e 3.
,entel,newdie,_et,, height (in c.) ,,,|.

Press [PI Plot another,line, lC]Continueto nextspecies oi, [R]Returnto .enu

EXPLANATION

AfterpressingP, a promptappearsunderthe graphaskingthe userto enternew

valuesfor the diameterand height (incentimeters)of the sampleto be modeled.

Enternewvaluesseparatedby a commaor press ENTERto use the old values.
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SCREEN 6L

$odiu_ t'_. CeMnt_:r,SodttmSulfate
1 ''

,8 "

L,4

,2 -

: 2,5 o. 28 C
la.e_er: 2,5 o. De: 2,63E-88

At t: 108 days, C_:8,8369
I I I I

8 28 48 61 81, 100
InputDe,(enter nothing or zero to leave Oeunchanged)|

Press [P] Plot anot_rline, [OI Continueto next speoiesor[R]Betu_n to .en.

EXPLANATION

The programnowasks for a newvaluefor De,the diffusioncoefficient.A new value

can be entered,and the old valuecan be retainedby pressingENTER.
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SCREEN 7L

Sodiu_f_ Ce_nt\SZ Sodium,Sulfate

L
,4

,2
Height: 10,9 c_ 26 C
DiaNete_: 2,5 cM De: 2,63E-08
nt t= 300 dags, CF_g,95?Q

0 ' i
g 6g ' _26 _ I180 240 309

TiMe(dags)
PPess [P] Plot another line, [C] Continueto next species or [R] Return to .enu

EXPLANATION

Whenthe requestfor a valueof D. isanswered,the newcurve is ptottedon the

previousgraph. The latestvaluesfor diameter,height,De,and CFLare 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

I I ' '

, ,' , .

Developed for
DOE National Low-Level Waste Management Program

by
Brookhaven National Laboratory
Low-Level Waste Research Group

Upton, N.Y. 11973

. , , T. ,H , I

Press F1 for help and definitions

EXPLANATION

Thisfunctionis usedtoexit from the "ALT"program.
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SCREEN 2M

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

?

EXPLANATION

Answer'_' or press"ENTER"to leavethe program;thecomputerwS!!returnto DOS.

If youpress"N," theprogramreturnsto theMAINMENU.



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 leachingresults is the comparison with the theoretical models for diffusionalrelease. 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[I,2]. The fundamental partial differential equation

for diffusion is:

0c - -D,_C (1)

where C is the concentration of the species, t is time, and De is the effective diffusion coefficient in porous

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 Medh Model

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

cmnulative fraction released from a porous medium is predicted as:

_a, 2__5[DJ] In (2)CFL
A o V
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where an is the total amountof radioactivematerialreleased in ali leaching periods up to time, t, AOis the initial

amount of radioactive material, V is the waste form volume, S is the waste form surface area, De is the effective

diffusion coefficient. The semi-infinite model has been used to model leaching behavior when the cumulative

fractionleached (CFL= F_,an/AO) is less than 0.20 or 20% release.

Finite Shape Models

Laboratorysamples 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 t'mitecylinderusing a constant diffusioncoefficient, 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 duringleaching is:

_a, 1 _ 32 x?., _., e'm,[P2-"_-lf"_/O 1 (3)CFL

where De= effective diffusion coefficient (cm2/s), .e=half height of the cylinder (cm), an is the cumulative

leached activity,AO= initial total activity,m = positive roots of Bessel function where, J0(r/Sm)= 0.

The finite cylindermodel provides a guideline to determine if diffusion continues to consistentlyoperate

as the release mechanism during leaching tests. However, the use of equation (3) has been frustrated by the

slow convergence of the double infinite series. Consequently, several investigators have presented alternative

methods of using the difficult to evaluate double infinite series solution for diffusion from a finite

cyiinder[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.
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For finite cyLinderwaste forms of height H and radius R, one uses instead the double series expression:

CFL - _ a,/Ao - (1-b)[1- 3_x2$p(t)Sc(t)]+ b (4)

with:

s,ft)-_ e"_-lf2n-1)_/xJ2D't)•-I (_-I:

and:

s¢(t)-_ exp[-(P'/R)2D't]

For the Sp(t) series:

s, ct)- s,_ct). F.,_,Ct) (s)

with:

N'I N
Sp_,(t)- _ exp[-(2-l)2y2(t)] + exp[-(2N-1)2y2(t)]

•-_ (2_-1: (2_v-1:

- (¢'n/2) y (t)efrc[(2N- 1)y (t) ]

x(De t) lr_
,f(t) H
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and:

O<Ep,N(t)< I [y2(t)+2/(2N_1)2]exp[_(2N_l)2¥2(t)]6(2Jv-I)

andfor the Sc(t) series:

s_(t)-s_uft).Eo,(t) (6)

with:'

_:_e=p[-_.o2(0] l Iso_(,)"z., +_ +,_exo[-p_(0]

-_ e_c[puo(o),, .fM

fH" _ - I/(SnM_, M > > I

O(t) (Dt)_
R

and:

x O=(0 + -_] 2Ec_(t) < 6-_M exp[ -_HO2 (t)]

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% AO) and has been referred to as the

instantaneous wash-off term for extraneous surface material.
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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 experimentaldata it has become apparent that the finite cylindermodel 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

asymptoticbefore 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 ali 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 fractionthat is not. The partitioning process is essentially a reduction of the source

term (Ao), 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 variety of elements

leached from several types of cement-based waste forms and was often able to providegoodness-of-fit (Er) values

that were far superior to the diffusionmodel. 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:

AJ v[ j

-A5-



where an is the total amountof radioactivematerial released in ali leaching periods up to time t, AOlr,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 De is the effective diffusion coefficient. There is, therefore, a fraction of activity that

is not leached but retained on the solid:

FR A°-A°P 1-P
Ao

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

Certain caveats are necessaryin 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 verifythe process of partitioning. In many cases, a simple batch-type adsorption test

would suffice.
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SODIUM LEACHED FROM CEMENT
D_ffusion and Partition Models

CFL
1.0

i
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F_rm'c Al. Experimental data as cumulative fraction leached, plotted as a function of time arc
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.

Dissolution

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

compone:_tsof the leachate and some external material generating a precipitate, leaving only a small amount of

the component in solution. This will be the case when 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 generated 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 ali leaching intervals. This means that the incremental fraction leached will be

the same for ali intervals and the cumulative fraction leached will increase by the same amount at each interval,

producingthe linear form of the plot showing CFLvs 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 IF'L,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:

SxlO0IV

where S is the standard deviation and x is the mean IFL, and V is the coefficient of variation. The standard

deviation (S) is calculated as follows:

S- _"_
n-1

where n is the number of data points and X is the IFL of individualdata points.The Iu'sttwo datapoints are not

included in the calculation because experimental dataindicate 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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CALCIUM LEACHED FROM CEMENT

IFL Dissolution Model
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Figure A2 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 Iu'st 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
i

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 release rates without changing the mechanisms of leaching.

Cumulative Fraction Leached (CFL). The sum of the fractions leached during ali sampling intervals

calculated as:

CFL: Zan/Ao

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 difft_singsubstance 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 statisticallyanalyses IFL values throughout an experiment by

calculating a mean 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 physi_'alconstaints (tortuosity and constrictivity). The

effective diffusion coefficient is symbolized by De.

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 closely a model generated curve comes to representing a

data curve. In the ALT program, goodness-of-fit is represented quantitatively(for the diffusion model and

the partition model) by the value ER. 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 distributionis described by the standard doviation, expressed

as the Coefficientof variation.

Incremental Fraction Leached (IFL). The fraction leached of a species of interest during a single sampling

interval calculated as:

r "L=

and assuming no radioactivedecay.

Leachant. The liquid that contacts the specimen duringa 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 duringwhich a given Volume of leachant is in contact with a

specimen.

Leaching Mechanism. The process which controh the rate of mass transport out of a specimen during

leaching.

Low-Level Radioactive Waste. Waste that contains radioactivityand is not high-level waste, transuranic

waste, or spent nuclear fuel as defined by Department of Energy order 5820.2.A. Test specimens of

f_ionable material irradiatedfor research and development only, and not for production 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 impfies that the species-of-interest is contained in two fractions: one ,eachable and the other

not leachable.

Reference Leach Test. A leach test conducted under defined conditions where the 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 oa 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 surf,.;e 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

fordisposaL






